
UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF TEXAS 

AUSTIN DIVISION 

AQUILA INNOVATIONS, INC., a 
Delaware Corporation, 
 

Plaintiff,  

v. 

ADVANCED MICRO DEVICES, INC., 
a Delaware corporation 

Defendant. 
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No. 1:18-cv-554-LY 

 

 

AQUILA INNOVATIONS, INC.’S  
PRELIMINARY INFRINGEMENT CONTENTIONS 

 Pursuant to the Court’s Scheduling Order, D.I.23, Plaintiff Aquila 

Innovations, Inc. (“Aquila”) submits the following preliminary infringement 

contentions for U.S. Patents 6,239,614 (“’614 Patent”) and 6,895,519 (“’519 Patent”). 

These preliminary infringement contentions were prepared without the benefit of 

the Court’s claim construction or the parties’ exchange of constructions. Discovery 

has been stayed, and AMD has not produced any information concerning the 

Accused Products. Thus, this chart is based on publicly available evidence, and 

based upon information and reasonable belief in light of such evidence. As such, 

Aquila reserves the right to amend or supplement its contentions to address any 

issues arising from the Court’s constructions or to account for new information that 

becomes available. 

 

AMD EX1012 
U.S. Patent No. 6,895,519
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(a) Identification of asserted claims 
 

’614 Patent: Claims 1, 2 

’519 Patent: Claims 1, 2, 3, 5, 6, 7, 10 

(b) Identification of accused products 

 ’614 Patent Accused Products: 

Aquila contends that all AMD processor products containing power gate rings 

infringe each of the asserted claims of the ’614 Patent. This specifically includes but 

is not limited to processors with cores having microarchitectures belonging to the 

following families: 

o AMD 12h Llano Fusion APUs 

o AMD 15h Bulldozer APUs 

o AMD 15h Piledriver APUs 

o AMD 15h Excavator APUs 

AMD products belonging to each product family are identified in Exhibits C.1 

through C.4. The identification of specific products was prepared without the 

benefit of discovery from AMD and may not include OEM or custom processor 

products. Aquila reserves the right to amend or supplement its identification of 

accused products as AMD provides more information.  

’519 Patent Accused Products: 

Aquila contends that all AMD processor products capable of entering/exiting 

the CC1, PC1, and PC6 states infringe each of the asserted claims of the ’519 Patent. 

This specifically includes but is not limited to processors with cores having 

microarchitectures belonging to the following families: 
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o AMD Family 12h 

o AMD Family 14h 

o AMD Family 15h 

o AMD Family 16h 

o AMD Family 17h 

AMD products belonging to each product family are identified in Exhibits C.1 

through C.5. The identification of specific products was prepared without the 

benefit of discovery from AMD and may not include OEM or custom processor 

products. Aquila reserves the right to amend or supplement its identification of 

accused products as AMD provides more information.  

(c) Claim Charts 

Claim charts for each asserted claim corresponding to each representative 

accused product are contained in the exhibits below. 

 ’614 Patent: Exhibit A 

 ’519 Patent: Exhibit B 

(d) Doctrine of Equivalents 

 Aquila contends that each limitation in each asserted claim is met literally. 

The Court has not construed the asserted claims, and AMD has not yet provided 

discovery on the accused products or provided non-infringement contentions. Aquila 

reserves the right to respond if AMD provides non-infringement contentions, which 

response may include doctrine of equivalents contentions. 
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(e) Identification of Priority Date 

 ’614 Patent: Each asserted claim of the ’144 Patent is entitled to a priority 

date as late as January 14, 1999. 

 ’519 Patent: Each asserted claim of the ’519 Patent is entitled to a priority 

date as late as February 25, 2002. 

 

Respectfully submitted, 

Dated:  February 13, 2019  
 
/s/Jing H. Cherng     
Robert E. Freitas (admitted pro hac vice) 
Jing H. Cherng (admitted pro hac vice) 
FREITAS & WEINBERG LLP 
350 Marine Parkway, Suite 200 
Redwood Shores, CA 94065 
Telephone: (650) 593-6300 
rfreitas@fawlaw.com 
gcherng@fawlaw.com 
 
 
Henry B. Gonzalez III 
State Bar No. 00794952 
Jeffrie B. Lewis 
State Bar No. 24071785 
GONZALEZ, CHISCANO, ANGULO, 
& KASSON, PC 
9601 McAllister Freeway, Suite 401 
San Antonio, Texas 78216 
Tel: (210) 569-8500 
hbg@gcaklaw.com 
jlewis@gcaklaw.com 
 
Attorneys for Plaintiff 
Aquila Innovations, Inc. 
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CERTIFICATE OF SERVICE 

I hereby certify that on this 13th day of February, 2019, a true and correct 
copy of the foregoing was forwarded to the following: 

Jennifer Librach Nall 
Kevin J. Meek 

Aashish Kapadia 
Puneet Kohli 

jennifer.nall@bakerbotts.com 
kevin.meek@bakerbotts.com 

aashish.kapadia@bakerbotts.com 
puneet.kohli@bakerbotts.com 

DLWiLAN_AMD_BakerBotts@BakerBotts.com 
BAKER BOTTS LLP 

 
 
 

Jing H. Cherng    
Jing H. Cherng 
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Exhibit A.l: Preliminar Infrin ement Contention Claim Chart for US. Patent 6 239 614 

Accused Product: AMD Famil 12h Fusion Processors 

These preliminary infringement contentions were prepared without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

Ewen—tin

A semiconductor

integrated circuit device,

comprising:

Graphics SIMD
Array

Display

“0 Controllers

s'oiréelAizb’s “LLANO” FUSIONAPU, Hot Chips 23, 19th August 2011, page 6.
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Limitation Contention

a plurality of first unit The Accused Products contain a plurality of first unit cells:

cells each including a

plurality of first MOS

transistors, each of the
first MOS transistors

having a first threshold

voltage; , - Graphics sumo
‘ Array

Dlsplay

UO Controllers

SafiiééLL‘Mb’S “LLANO” FUSIONAPU, Hot Chips 23, 19th August 2011, page 6.

As is typical of multi-VT standard cell design methodologies and structures, the Llano Accused Products use a mix

of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt (LC-Hvt) standard
cells.
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The Accused Products contain a plurality of first MOS transistors, each of the first MOS transistors having a first

threshold voltage:

 

Exhibit A. 1
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a plurality of second unit

cells each including a

plurality of second MOS

 

Contention

JUTWANI (I All. AN nab-M (‘ORE IN ‘2 am ‘SOI ('MUS

- 32nm

100%

Post Swapping

‘ Pu Swapping

“ \‘MRV" I6FWI MEI”I' 75 :00 125 no

Timing Slack (p3) Static Dynamic
(b)

Fig. Ill (a) Core device width hi~tngram by Vi type. ih) Using VI swaps in Fig ll. ta) TDP [um-er dwnhulion at l V. «in Rdaiwc pom-r impmsrmcm
wimp: ctiiicnl path liming opyxliunisiically. wilh tum-cl lo 45 nm gcnemiion cure (Minimal in: mrfunnnncci.

Source: An x86-64 Core in 32 nm 801 CMOS, IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46, N0. 1,

JANUARY 201 1, page 6.

The Accused Products contain a plurality of second unit cells:
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Limitation

transistors, each of the
second MOS transistors

having a second threshold

voltage;

 
 

Contention

. I
7L44_A44 ,_A

Graphics SIMD

Array

Display

‘3‘
fl5917 wok}.4.38 hbqlflovfldnl 1:1"«wraNI

”NO Controllers

~‘WWW~'

F. l ll AND HF" CMPS} Auulnl 1'1"! 3011

Source: AMD’S “LLANO”FUSIONAPU, Hot Chips 23, 19th August 2011, page 6.
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Limi ion Contention

Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

(LC-Hvt) standard cells.

DVFS Characteristics Modern computer chips are designtxl using multiple

types of transistors, Le. a mixture of low—, medium-, and high—threshold transis-

tors, to target different design tradeofl's, e.g. high-performance vs. low power.

luw—thrmhold voltage (low-Vt) devices are usul in timing-critical paths,

but have high leakage power. High-threshold voltage (High-Vt) devices have

low leakage power but are slower, and are typically used in circuits that are

off the timing~critiml paths. Medium—threshold voltage (Mid-Vt) deviws offer

a trmleoll' between High-Vt and Low-Vt devices by having medium power re-

quirements and medium delay. In general, low power chips are designed using a

larger percentage of High-Vt device; and high-performance chips with a larger

percentage of Mid-Vt and Low-Vt devices The host processor is assumed to ex-

ecute compute—intensive code and will therefore be a high—perfornmnee device.
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Limitation Contention

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.

The Accused Products contain a plurality of second MOS transistors, each of the second MOS transistors having a

second threshold voltage:

CustomMactos -35*

smug -28%
'-‘7‘/~

Clock

0% 20% 40% ems 50%
(a)

I 45nm I 32nm

100% 100%

84%

68% Iw 75 too 125 150 I
Timing Slack (ps) Static Dynamic

0)) (b)

Fig. l(). (a) Core device width histogram by Vt type. (b) Using Vt swaps to [313. ll. ta) TDI’ power distribution at l V. (bl Relative power Improvement
reshape mttcul path tunmg opportunistically. with rewcct to 45 nm generation core tmmtaliztd for mflhnnnncet.

Source: An x86-64 Care in 32 nm 301 CMOS, page 6‘ IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46‘,

N0. 1, JANUARY2011.
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Limitation

a unit cell array

comprised of said first and
second unit cells laid in

array form;

 
Contention

The Accused Products contain a unit cell array comprised of said first and second unit cells laid in array form:

Graphics SIMD

Array

Display11.
: .8
1

1:1“H"”
IIO Controllers

L404M 
a {ll AND an! r.4931 AugualTWh 2011

Source: AMD’S “LLANO”FUSIONAPU, Hot Chips 23, 19th August 2011, page 6.
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Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

(LC-Hvt) standard cells.

Lvl ~. ‘

DVFS Characteristics Modern computer chips are designed using multiple

types of transistors, Le. a mixture of low-, medium-, and high-threshold transis—

tors, to target dilIerent design tradeolis, e.g. high-performance vs. low power.

Low-threshold voltage (Low-Vt) devices are used in tiniiug-(n'itical paths,

but have high leakage power. High—threshold voltage (High—Vt) devices have

Exhibit A. 1
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Limitation"

a power switch disposed
around said unit cell

array and comprised of a

plurality of third MOS

transistors, each of the
third MOS transistors

having the second

threshold voltage; and

Contention

low leakage power but are slower, and are typically used in circuits that are

off the timing—mitienl paths. Medium-threshold voltage (Mid-Vt) devices offer

a tradeolf between High-Vt and Low-Vt devicw. by having medium power re-

quirements and medium delay. In general, low power chips are (lwignrxl using a

larger percentage of High—Vt devices and high-performance chips with a larger

percentage of Mid-Vt and Low-Vt devices. The host processor is assumed to ex-

ecute compute-intensive code and will therefore be a high-performance device.

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.

The Accused Products contain a power switch disposed around said unit cell array:
LLANO CPU CORE RING GATING

WITH PACKAGE LAYER ASSIST

\finual voltage spreads uniformly
Bumps near hot spots can exwed max limit:

:24.
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Source: PRACTICAL POWER GATING AND DYNAMIC VOLTAGE/FREQUENCY SCALING by Stephen
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'Contention

Kosonocky, page 50.

The Accused Products contain a plurality of third MOS transistors:
LLANO CPU CORE RING GATING

WITH PACKAGE LAYER ASSIST

Wtual voltage spreads uniformly
Bumps near hol spots can exceed max limits

I
I
I
I
.
I
I
I
.
I
g.

m
undue-J

MWNWFAMmem up
WWfAan-nznmsa ~ . .

cuos‘ JSSC m2011 High Rvsscan create nonse Issues E
Source. PRACTICALPOWER GATING AND DYNAMC VOLTAGE/FREQUENCY SCALING by Stephen
Kosonocky, page 50

www.mmmswnw,

Each of the third MOS transistors of the power gate ring has the second threshold voltage.
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Limitation Contention

Vll. POWER GATING

We defined a low~power mode called cone-level C6 (C(76) to

allow core-level power gating [5] during periods of inactivity.

The core is isolated front the supply during CC6 by a power-gate

ring surrounding the CPU and L2 cache pair. allowing core level

power down in a chip with multiple cores attached to a common

power supply. The SCI process enables the gating of VSS (not

vom. constructing th—Ogic
devices without the need for extra processing steps to reduce

on-state resistance [6]. Fig. l2(a) describes the core operations

controlled by the power management system for C(‘6 entry and

exit sequences.

Fig. l2(b) details the connections of the power-gate ring with

respect to the core and the C4 bumps. in addition to two I6X

M It) and MI I on—die metal layers. a low-impedance package

layer connected to the die by C4 bumps is dedicated for use as a

vinual-grou nd layer. eliminating the need for any ultra-thick sil-

icon metallization layer [6]. The low-impedance package layer

Source: An x86-64 Core in 32 nm 501 CMOS, IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46, NO. 1,

JANUARY 2011, page 6.

a plurality of input/output The Accused Products contain a plurality of input/output circuits disposed around said unit cell array.

circuits disposed around

said unit cell array.
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0018

A semiconductor

integrated circuit device

according to claim 1,

wherein said power

switch is turned off during

standby and turned on
when taken active.

 

Contention

LLANO CPU CORE RING GATTNG

WITH PACKAGE LA YER ASSIST

on....£.uo‘
.- .i!III!S

E

coon-coo. o

Vlnual voltage spteads unitotmly
Bumps neax hot spots an exwed max limits

Ne: Sena-10v. Vlcbv F. macaw”,
WW 'MMSOCO'IIIZIZMSCI
MS'JSSC ”.20"

Source: PRACTICAL POWER GATING AND DYNAMIC VOLTAGE/FREQUENCY SCALING by Stephen

Kosonocky, page 50.

The power gate ring of the Accused Products is turned off during standby and turned on when taken active.
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Limitagion: .C‘ontention

Two maior knobs have emerged for controlling power

1. Dynamic Voltage and Frequency Scaling

— Optimize performance for the application while it's

running

2. Power Gating

- Gate power during idle griods

Each present unique challenges for

implementation and optimization

1"." ..":rrL. .- .—‘ v.’ ..'..‘-4'-...n !--.n ,1“ 'I...u._. n I
Source: PRACTICAL POWER GATING AND DYNAMIC VOLTAGE/FREQUENCY SCALING by Stephen

Kosonocky, page 8.
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Exhibit A.2: Preliminary Infringement Contention Claim Chart for US. Patent 6,239,614

Accused Products: AMD Family 15h Bulldozer/Piledriver APU Processom

These preliminary infringement contentions were prepared Without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

Limitation Contention
3;. x r

1p ‘ A semiconductor integrated circuit ‘ To the extent the preamble is a limitation, the Accused Products are a semiconductor integrated device.

1 device, comprising:

      

 
‘ _.
1 Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86-64 SERVER AND DESKTOP PROCESSORS: Using the

\ core code named “Bulldozer August 18, 2011, page 3.

‘ Aquila contends that products containing Piledriver cores operate similarly to the Bulldozer cores with respect to the limitations of
‘ the asseited claims.
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la

Limitation

a plurality of first unit cells each

including a plurality of first MOS

transistors, each of the first MOS

transistors having a first threshold

voltage;

Contention

The Accused Product discloses a lurali of first unit cells.

THE DIE | Photollu,lfllllll‘i‘ -

 
Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86—64 SERVER AND DESKTOP PROCESSORS: Using the

‘ core code named “Bulldozer”, August 18, 2011, page 3.
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Limitation

 
THE DIE | Floorplan (315 mmZ)

I

2MB L3 Cache ‘

Source: Sean White, HIGH-PERFORMNCE POWER-EFFICIENTX86—64 SERVER AND DESKTOP PROCESSORS: Using the

Contention

:7, Hawker ‘
.1 Module v 7‘

core code named “Bulldozer”, August 18, 2011, page 5.
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Limitation Contention

The Bulldozer module contains 84 unique custom macros and

3l7,000 scannable flops. Module-level VSS power gating (C6)

is used to reduce leakage power by approximately 95% when

both cores are idle [4]. The 32 nm 801 process provides three

transistor VT types (low, regular, and high), with longer channel

lengths used to achieve even finer-grained trade-offs between

leakage and delay. V T’s used across the design consist mostly

of regular (47%) and long-channel regular (46%), with less than

1% low—VT used for the most critical paths.

Source: McIntyre et 0]., Design OfMe Two-Core 3:86-64 AMD “Bulldozer” Module In 32 nm S01 CMOS, IEEE Journal of Solid-

State Circuits, Vol. 47, No. 1, January 2012, page 165.

Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

(LC-Hvt) standard cells.

m5
Lvt , ; Lvt “at

Exhibit A2
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Limitation Contention

DVFS Characteristics Modern computer chips are dosignul using multiple

types of transistors, Le. a mixture of low-, medium-, and high-threshold transis-

tors, to target difi'erent design tradeoli's, e.g. high-performance vs. low power.

law-threshold voltage (Low-Vt) devices are used in timing—critical paths,

but have high leakage power. High-threshold voltage (High-Vt) devices have

low linkage power but are slower, and are typically used in circuits that are

off the timing—critical paths. Medium—threshold voltage (Mid-Vt) device; offer

a traded? between High-Vt and Low-Vt devices by having medium [xmer re-

quirements and medium delay. In general, low power chips are designed using a

larger percentage of High—Vt devices and high— performance chips with a larger

percentage of Mid-Vt and Low-Vt devices The host processor is assumed to ex-

ecute compute-intensive code and will therefore be a high-performance device.

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.

The Accused Products contain a plurality of first MOS transistors, each of the first MOS transistors having a first threshold

voltage.
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Limitation Contention

THE DIE | Process Technology

- 32mm Silicon-On-lnsulator (SOI) Hi-K Metal Gate

(HKMO) process from GlobalFoundries

- 11 metal-layer-stack

- Low-k dielectric

- Dual strain liners and eSiGe to improve

performance.

' Multiple V1 (HVT, WT. LVT) and long-channel
transistors. 

l Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86—64 SERVER AND DESKTOP PROCESSORS: Using the

l core code named “Bulldozer”, August 18, 2011, page 6.
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“MAN! «I ul AN IM 64 “RE IN 32 um SUI (‘MOS

- 455nm I 32nm

100% 100%

84‘.“

bB'EI-n

‘0 7‘ . .

Tmtng Slack (ps) Static Dynamic
(b) (b)

Fig. ltl tap (.‘nn: deuce wutlh hmogrnm by VI type. thl [Mug VI \wnp In Fig. ll. ta) TDP [KNIT didn‘hutum LII I V. (b) Rclum: pout-t Impnnclmnl
mature cn‘lkal path Ilmtng twmmlisllwlly with mp“! to 45 nm generation con: annualized tut pertmmnnccn.

Source: An x86-6'4 Core in 32 nm 301 CMOS, IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46, NO. 1,

JANUARY 2011, page 6.

a plurality of second unit cells each The Accused Products contain a plurality of second unit cells.

including a plurality of second

MOS transistors, each of the

Exhibit AZ
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Limitation

second MOS transistors having a

second threshold voltage;

 
Contention

THE DIE I Photograph\ nu... ‘

E
um'

um 3:222“-

‘Il-IIII“I- I

Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86-64 SERVER AND DESKTOP PROCESSORS: Using the

core code named “Bulldozer ”, August 18, 2011, page 3.
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Limitation Contention

THE DIE | Floorplan (315 mm?)

 
Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86-64 SERVER AND DESKTOP PROCESSORS: Using the 1

core code named “Bulldozer”, August 18, 2011, page 5.

The Accused Products contain a plurality of second MOS transistors, each of the second MOS transistors having a second

threshold voltage.
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Limitation Contention

THE DIEI Process Technology

' 32-I'Irn Silicon-On-lnsulator (SOI) Hi-K Metal Gate

(HKMG) process from GlobalFoundries

' 11-rneIaI-layer-stack

° Low-k dielectric

‘ Dual strain liners and eSiGe to improve

performance.

- Multiple VT (HVT, RVT, LVT) and long-channel
transistors. 

Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86-64 SERVER AND DESKTOP PROCESSORS: Using the

core code named “Bulldozer August 18, 2011, page 6.
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Limitation Contention

The Bulldozer module contains 84 unique custom macros and

317,000 scannable flops. Module-level VSS power gating (C6)

is used to reduce leakage power by approximately 95% when

both cores are idle [4]. The 32 nm 801 process provides three

transistor VT types (low, regular, and high), with longer channel

lengths used to achieve even finer-grained trade-offs between

leakage and delay. V T’s used across the design consist mostly

of regular (47%) and long-channel regular (46%), with less than

1% low—VT used for the most critical paths.

Source: McIntyre et al., Design OfThe Two-Core 3:86-64 AMD “Bulldozer” Module In 32 nm S01 CMOS, IEEE Journal of Solid-

State Circuits, Vol. 47, No. 1, January 2012, page 165.

Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

(LC-Hvt) standard cells.

[as
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Limitation Contention

DVFS Characteristics Modern computer chips are designed using multiple

types of transistors, Le. a mixture of low-, medium-, and high-threshold transis-

tors, to target different design tradeofl's, e.g. high-performance vs. low power.

Low-threshold voltage (Low-Vt) devices are used in mining—critical paths,

but have high leakage power. High—threshold voltage (High—Vt) devices have

low leakage power but are slower, and are typically used in circuits that are

off the timing-crititml paths. Medium-threshold voltage (Mid—Vt) devices offer

a tradeoll' between High-Vt and Low—Vt devices by having medium power re-

quirements and medium: delay. In general, low power chips are designed using a

larger percentage of High—Vt devices and high-performance chips with a larger

percentage of Mid-Vt and Low-Vt devices The host processor is assumed to ex-

ecute compute-intensive code and will therefore be a high—performance device.

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.

The Accused Products contain a plurality of second MOS transistors, each of the second MOS transistors having

a second threshold voltage:
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a unit cell array comprised of said
first and second unit cells laid in

array form;

 

E
S
(a)

I

RVt : LCRVt . 45m“
100%

'3' 0 “/c.

' _
‘0 7‘ [00 . ,

Timing Slack (ps) Static Dynamic
(b) (b)

Fig. IO. 1a) Con: device width histogram by V! type. It» Usmg Vt maps to Flg. H (a) TD? power distribution at l V. (bl Relative power Impmvemenl
reshape cnlical path limlng opportunistically. with mwcu in 45 nm generainn core lmrmalizcd for pcrfonnancei.

Source: An x86-6'4 Core in 32 nm 801 CMOS, page 6 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46,

N0. 1, JANUARY 2011

The Accused Products contain a unit cell array comprised of said first and second unit cells laid in array form:
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Limitation Contention

THE DIE | Photograph
[‘1‘ LI llu.'. JLIJ \l‘LLH ’- -1

m-

 
Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86-64 SERVER AND DESKTOP PROCESSORS: Using the

core code named “Bulldozer", August 18, 2011, page 3.

Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

(LC-Hvt) standard cells.
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DVFS Characteristics Modern computer chips are designed using multiple

types of transistors, Le. a mixture of low-, medium-, and high-threshold transis-

tors, to target different dwign tradeofl's, e.g. high-performance vs. low power.

low-thmahold voltage (Low-Vt) devices are usal in timing—critiml paths,

but have high leakage power. High-threshold voltage (High-Vt) device; have

low leakage power but are slower, and are typically used in circuits that are

off the timing-critimil paths. Medium—threshold voltage (Mid-Vt) devices offer

a tradeofl' between High-Vt and Low-Vt devices by having medium power re-

quirements and medium delay. In general, low power chips are designed using a

larger percentage of High—Vt devicw and high-performance chips with a larger

percentage of Mid-Vt and Low-Vt devices. The host processor is assumed to ex-

ecute eompute~intensive code and will therefore be a. high-performance device.

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.
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1d

Limitation

a power switch disposed around

said unit cell array and comprised

of a plurality of third MOS
transistors, each of the third MOS

transistors having the second

threshold voltage: and

Contention

The Accused Products contain a power switch disposed around said unit cell array and comprised of a pluraility of third MOS
transistors.

TWWER MANAGEMENT| Core cs State (006)

' Core C6: if a core isn’t active,

remove power

- Implemented in this physical

design by a power gating ring

that isolates the Core VSS for animus

each Bulldozer module from the . l'vlozlula
“Real" VSS

- CC6 entry: when both Bulldozer * ' powemfllmgu-ls

cores in the module are idle,

flush caches and dump register

state to CC6 save space, then

gate Core VSS

- CC6 exit: ungate Core VSS,

reload CC6 saved state, resume

execution (ex: service

interrupts, etc.)
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Limitation Contention

Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86-64 SERVER AND DESKTOP PROCESSORS: Using the

core code named “Bulldozer”, August 18, 2011, page 21.

Each of the third MOS transistors of the Accused Products has the second threshold voltage:

THE DIE | Process Technology

k?! fl
' 32mm Silicon-On-lnsulator (SOI) Hi-K Metal Gate

(HKMG) process from GlobalFoundries

i11133‘Q s.A‘S _.-VIId1|--yl31' 21“1 —_-- 11mml-layer-stack

' Low-k dielectric n‘. <-.l‘4‘
11

‘17 ‘7

mn—
- Dual strain liners and eSiGe to improve

performance. "Il l‘r? ' '

Vii l4::g
3

' Multiple VT (HVT, RVT, LVT) and long-channel
transistors.

1!-“E
‘ Contacled poly pitch

Source: Sean White, HIGH-PERFORMANCE POWER-EFFICIENTX86—64 SERVER AND DESKTOP PROCESSORS: Using the
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Limitation Contention

core code named “Bulldozer", August 18, 2011, page 6.

Each of the third MOS transistors of the power gate ring has the second threshold voltage.

Vll. POWER GATING

We defined a low-power mode called core-level C6 (CCO) to

allow core-level power gating [5] during periods of inactivity.

The core is isolated from the supply during CC6 by a powersgatc

ring surrounding the CPU and L2 cache pair. allowing core level

power down in a chip with multiple cores attached to a common

power supply. The 801 process enables the gating of VSS (not

VDD). constructingth_logic
devices without the need for extra processing steps to reduce

on-state resistance [6]. Fig. IZta) describes the core operations

controlled by the power management system for C0) entry and

exit sequences.

Fig. 12m» details the connections ol'the power-gate ring with

respect to the core and the C4 bumps. In addition to two IOX

Mill and Ml I on-die metal layers. a low-impedance package

layer connected to the die by C4 humps is dedicated for use as a

virtual-ground layer. eliminating the need for any ultra-thick sil-

icon metallization layer [6]. The low-impedance package layer

Source: An x86-64 Core in 32 nm SOI CMOS, IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46', N0. 1,

JANUARY 2011, page 6.

a plurality of input/output circuits The Accused Product has a plurality of input/output circuits disposed around the Bulldozer module.

disposed around said unit cell

array.

 
Exhibit A.2 - 18—

0037



0038

Limitation

THE DIE | Floorplan (315 mm?)

Contention

axflzmfi." -Mlm{0- -'w-*-_ ,

Bulldoier ‘ ;, .i
-, '7 Module jv , H
 

Source: Sean White, HIGH—PERFORMANCE POWER-EFFICIENTX86—64 SERVER AND DESKTOP PROCESSORS: Using the

core code named “Bulldozer”, August 18, 2011, page 5.           

 
+

 
 A semiconductor integrated circuit   

.7
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 The power gate ring is turned off dluing standby and turned on when the core exits C6 state.
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0039

 

 
Limitation

device according to claim 1,

wherein said power switch is turned

off during standby and turned on
when taken active.

 
Contention

The Bulldozer module contains 84 unique custom macros and

3l7.000 scannable flops. Module-level VSS power gating (C6)

is used to reduce leakage power by approximately 95% when

both cores are idle [4]. The 32 nm SO] process provides three

transistor VT types (low. regular. and high). with longer channel

lengths used to achieve even finer-grained trade-offs between

leakage and delay. V T’s used across the design consist mostly

of regular (47%) and long-channel regular (46%). with less than

1% low-VT used for the most critical paths.

 
Source: McIntyre et al., Design Q’The Two—Core x86—64 AMD “Bulldozer ” Module In 32 nm 301 CMOS, IEEE Journal of Solid-

State Circuits, Vol. 47, No. 1, January 2012, page 165.
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Limitation Contention

° Core C6: if a core isn’t active,

remove power

' Implemented in this physical ,

l design by a power gating ring
1 that isolates the Core VSS for . Bulldozer

each Bulldozer module from the ’ l‘vloglula
“Real" VSS

° 006 entry: when both Bulldozer ‘ ‘- " ' Power GaungFF [5

cores in the module are idle,

flush caches and dump register

state to CC6 save space, then

gate Core VSS

- CC6 exit: ungate Core VSS,

reload CC6 saved state, resume

execution (ex: service

interrupts, etc.)

 
Source: Sean White, HIGH-PERFORZWANCE PO WER-EFFICIENTX86—64 SERVER AND DESKTOP PROCESSORS: Using the

core code named “Bulldozer”, August 18, 2011, page 21.
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Exhibit A.3: Preliminary Infringement Contention Charts for US. Patent 6,239,614

Accused Product: AMD APUs containing Excavator cores (Representative Product: AMD Carrizo APU Processors)

These preliminary infringement contentions were prepared without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.
  

A semiconductor integrated To the extent the preamble is a limitation, the Accused Products are semiconductor integrated circuits. circuit device, comprising:

Exhibit A.3 -1—
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Limitation

 
Contention

AMD 6TH GENERATION

A-SERIES PROCESSOR

DDR/PHY

Q}
00

13
1:
J:
J:4.-
I:
(3«0

Source: Krishnan, Energy Efficient Graphics and Multimedia in 28nm Carrizo APU | Hot Chips 27, p. 2.

To the extent that the power gate ring implemented in this product operates similarly to the Bulldozer or Llano

power gate rings, for example in terms of the threshold voltages of the MOS transistors in the various unit cells

and the power switch, Aquila contends that the charts applicable to those products apply equally to this product,

Exhibit A3
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Limitation Contefiion

.—and incorporates those charts by reference.
a plurality of first unit cells The Accused Products disclose a plurality of first unit cells:

each including a plurality of

first MOS transistors, each of

the first MOS transistors

having a first threshold

voltage;
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Limitation

Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

(LC-Hvt) standard cells.

Lvt Lvt L“ W Lvt Lvt L“ 339'}
u' “ ~’ filler 7' . U' A filler 9!

DVFS Characteristics Modern computer chips are drsigned using multiple

types of transistors, Le. a mixture of low-, medium-, and high-threshold transisp

tors, to target diflereut design tradeoll's, c.g. high-performance vs. low power.

IAN-threshold voltage (Low-Vt) devices are used in timing-critiml paths,

but have high leakage power. High-threshold voltage (High-Vt) devices have

low let-110180 powm but are slower. and are typically used in circuits that are

off the timing-critiml paths. Medium-threshold voltage (Mid-Vt) devices offer

a tradeoll between Higth and Low.Vt devices by having medium power re-

quirements and medium delay. In general, low power chips are designed using a

larger percentage of High-Vt devices and high-performance chips with a larger

percentage of Mid-Vt and Low-Vt devices. The host mm: is assumed to ex-

ecute compute-intensive code and will therefore be a high-performance device.

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.
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Linlitation

 
Contention

The Accused Products disclose a plurality of first MOS transistors, each of the first. MOS transistors having a

first threshold voltae, e. _., RVt:

DYNAMIC UVD POWER GATING AMDCI

. "kavm ' 1ND Mr. .01 ll 1) 1mm: uwm llu- wh ll!‘ l mp
A Dynamic Inter frame powet gating controlled by I y I ‘ H, ' I_

mlcroconuoller furmware " ‘
I' I ,

— Plovluw ldlv' detect-on enables m-adm/loolm "u" "“'
powm gnxnng of the nnmo- 09

—.h——

n

Dynarmc power gahng along wuth low DOWE‘I

hardemng of (he vndeo demder enables (I to

negate the bigger vndeo detoder needed for
H.265 offload

'3X better man XV m net leakage prohlv"

‘(anuo’wnua“m",“u .mw J'ur-‘J‘HI'SIl‘m‘n'flnll u... -. w .:.

Source: ENERGY EFFICIENT GRAPHICS AND MULTIMEDIA IN 28NM CARRIZO APU, page 2] HOT CHIPS
27 — AUGUST 2015
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Limitation

a plurality of second unit cells

each including a plurality of

second MOS transistors, each

of the second MOS transistors

having a second threshold

voltage;

Contefiion

The Accused Products disclose a plurality of second unit cells:

Modern multi-VT standard cell design methodologies and structures such as those used in the Llano Accused

Products use a mix of low Vt (LVt), regular Vt (RVt), long channel regular Vt (LC-RVt) and long channel high Vt

Exhibit A3
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Limitation mm

(LC-Hvt) standard cells.

ass
17—1‘ i 777—” 7 {1.1

DVFS Characteristics Modern computer chips are designed using multiple

types of transistors, Le. a mixture of low—, medium-, and high-threshold transis-

tors, to target difl'erent design tradeolfs, e.g. high—performance vs. low power.

low-thmshold voltage (Low-Vt) devices are used in timing—critical paths,

but have high leakage power. High-threshold voltage (High-Vt) devicw have

low leakage power but are slower. and are typically used in circuits that are

off the timing—mitieal paths. Medium-threshold voltage (Mid—Vt) devices offer

a tradeofl" between High—Vt and Low-Vt devices by having medium power re-

quirements and medium delay. In general, low power chips are desigrwd using a

larger percentage of High-Vt devices and high—performance chips with a larger

percentage of Mid-Vt and Low-Vt devicm. The host processor is assumed to ex-

ecute compute-intensive code and will therefore be a high-perfonnanoe device.

Source: Scrbak et al., DVFS Space Exploration in Power Constrained Processing-in-Memory Systems, pp. 4-5.
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Limitation Contention

The Accused Products disclose a plurality of second unit cells each including a plurality of second MOS

transistors having a second threshold voltage:

 
DWNANHLUVDVOWTRGAHNG

Source: ENERGY EFFICIENT GRAPHICS AND MULTIMEDIA IN 28NM CARRIZO APU, HOT CHIPS 27 —

AUGUST 2015, page 21.

10 a unit cell array comprised of The Accused Products disclose a unit cell array comprised of said first and second unit cells laid in array form:
said first and second unit cells

laid in array form;

Exhibit A?)
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Limitation

a power switch disposed

around said unit cell array and

comprised of a plurality of

third MOS transistors, each of

the third MOS transistors

having the second threshold

Contention

The Accused Products disclose a power gate ring disposed around said unit cell array:

Exhibit A3
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Limitation

voltage; and

 
Contention

Instead of the distributed power gate headers used in Steam-

roller_ used to reduce the sire of the power
switch required to support lixcavator's higher power density.
Distributed headers must be sized to accommodate the worst

case current draw within small regions ol'llre design. whereas a

power gate ring need only be sued to accomriiodate the worst

case across the entire power gated region. This enables a 3.5—4 x

reduction in H: '1' width in the Excavator power switch and a cor-

responding leakage power reduction when it is in (Us (sleep

slzIICl

Source: Carrizo: A High Performance, Energy Efficient 28 nm APU, page 5 IEEE JOURNAL OF SOLID-STATE
CIRCUITS
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The Accused Products disclose a power switch comprised of a pluraility of third MOS transistors:

Exhibit A3
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Limitation

 
Contention

Instead of the distributed power gate headers used in Steam-

roller, ing is used to reduce the size of the power

switch requn'e o support Exeavator‘s higher power density.

Distributed headers must be sized to accommodate the worst

case current draw within small regions ofthe design. whereas a

power gate ring need only be sized to aceonnnodate the worst

case across the entire power gated region. This enables a 3.5—4 X

reduction in FET width in the Excavator power switch and a cor-

responding leakage power reduetion when it is in CCG (sleep

state).

 
Source: Carrizo: A High Performance, Energy Efficient 28 nm APU, IEEE JOURNAL OF SOLID-STATE

CIRCUITS, page 5.

The Accused Products disclose each of the third MOS transistors having the second threshold voltage:

Exhibit A.3
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Limitation Contention

DYNAMIC UVD POWER GATING AMDU

"kn-1'1 ‘ HM] hu'. .md {min-n ’r wr-r rm- anlr haw

A [)ynamur nnter frame power gating controlled by ‘ ' K "V
nncroconnoller firmware

—_—

“in-r: l I
A Popvllm' udlr dnwnlon enables hmdvr/fonlr-r

DOWN gating 01 MP (-nhrl‘ IP

Dynamnr power gating along With low power

hardemng of the vrdeo decoder enables (‘1 to

negale (he bugger vrdeo decoder needed for
H.265 Offload

— ' 3X better than KV In m-x leakage prohlrr"

'(nrmu’ ".V r 'z“ -

 
Source: ENERGY EFFICIENT GRAPHICS AND MULTIAlEDIA IN 28NM CARRIZO APU, HOT CHIPS 27 -

AUGUST 2015, page 21.

1e a plurality of input/output The Accused Products disclose the limitation of a plurality of input/output circuits disposed around said unit cell

circuits disposed around said array.

Exhibit A.3
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Limitation

unit cell array.

A semiconductor integrated

circuit device according to

claim 1, wherein said power

 
Contention

6TH GENERATION AMD A-SERIES PROCESSOR: "CARRIZO"

AMD 61” GENERATION‘
DESIGN GOALS A-SERIES PROCESSOR

A Deliver superior performance, 7

battery life and user . .i . -
?‘?f‘/f‘3’$ :1
I“"»AfiOLJ‘r‘

experience for notebook and
convertible form factors

A Deliver this energy efficiency

gains in a mature, cost

effective 28nm process node

Source: ENERGY EFFICIENT GRAPHICS AND MULTIMEDIA IN 28NM CARRIZO APU, page 2 HOT CHIPS
27 — AUGUST 2015.

The Accused Products disclose that said power switch is turned off during standby and turned on when taken
active.

Exhibit AS
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Limitation

switch is turned off during

standby and turned on when
taken active.

Contention

RACE TO DRAM SELF REFRESH

TRANMHON HhN‘fl Al. Tth H) HNW ‘r-l PUVVI R HA”

5- I
'—n tau!“ .0.— n— up. 'Iuawna

l0‘.~t‘\t [Mn-.6! $1.1M” DRAM I" 5.—'5 'Uf'fl'w’i

 
Source: ENERGY EFFICIENT GRAPHICS AND MULTIMEDIA IN 28NM CARRIZO APU, page 26 HOT CHIPS
27 — AUGUST 2015.
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Limitation

The semiconductor integrated

circuit device according to

claim 1, wherein parts of said

power switch are disposed

within said unit cell array.

Exhibit A3

0056

Contefiion

 
-16-



0057

Exhibit B.l: Preliminary Infringement Claim Chart for US. Patent 6,895,519

Accused Products: AMD Family 14h Products

These preliminary infringement contentions were prepared Without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

Contention

A system LSI having a plurality of To the extent that the preamble is limiting, Aquila contends that it is met.

ordinary operation modes and a

‘ plurality of special modes in For example, each product in the 14h Accused Product Family (“Accused Product”) is a system LSI.
response to clock frequencies
su lied to a central rocessin unit The Accused Product has a plurality of ordinary operation modes, for example the Core P-states. See BIOS and

‘ corInIprising' p g ’ Kernel Developer’s Guide for AMD Family 14h Models OOh-OFh Processors (“BKDG”), §2.5.3.1:
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Core P-states are operational performance states characterized by a unique combination of core frequency and

voltage. The processor supports up to 8 core P-states. specified in MSRCOOI_00[6B:64]. Out of reset. the volt-

age and frequency of the cores is specified by MSRCUOI_OO71[StartupPstate].

Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRCOO l_00[6B:64][PstateEn]. The DID and VID for each core P-state is specified in MSRCOO I _00[6B:64].

The COF for core P-states is a function of the main PLL frequency and the DlD. See Dl 8F3xD4[MainPllOp-

Freqld] for more details on the main PLL frequency and MSRCOOl_00[6B:64][CpuDidLSD] for more details
on the DID.

Sofiware requests core P-state changes for each core independently using the hardware P-state control mecha-

nism (also known as “fire and forget”). Support for hardware P-state control is indicated by CPUID

Fn8000_0007_EDX[Histate]=l b. P-state transitions using the hardware P-state control mechanism are not

allowed until the P-state initialization requirements defined in 2.5.3.1.? [BIOS Requirements for Core P-State

Initialization and Transitions] are complete.

BKDG at p.55:
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Table 9: Software P-state numbering example

DI 8F4x I 5C[NumBoostStates]=l D l 8F4x l SC[N umBoostStatesl=3

P-state Name MSR Address MSR Address

Inn—man

Isl—ma-

--“

MSRC001_0069 P2 MSRC001_0069

MSRC001_006A P3 MSRC001_006A

MSRCOOI_006B MSRCOOI_006B

P1

P2

MSRCOOI _0068 MSRCOO l _0068

All sections and register definitions use software P-state numbering unless otherwise specified.

The Accused Product Family has a plurality of special modes, for example, the Core C-states or deep sleep modes

such as ACPI S3 or connected standby SOi3. See BKDG, §§ 2.5.3.2, 2.5.3.2.1, 2.5:

 
Exhibit RI
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0060

2.5.3.2 C-states

C-states are processor power states. C0 is the operational state in which instructions are executed. All other C-

states are low-power states in which instructions are not executed.

2.5.3.2.] C-state Names and Numbers

C-states are often referred to by an alphanumeric naming convention. C 1. C2. C3, etc. The mapping between

ACPI defined C-states and AMD specified C-state actions is not direct. The actions taken by the processor

when entering a low-power C-state are specified by D18F4x118 and D18F4xl 1C and are configured by sofi-

ware. See 2.5.3.2.3 [C-state Actions] for information about AMD specific actions.

Exhibit B.1
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2.5 Power Management

The processor supports many power management features in a variety of systems. Table 8 provides a summary

of ACPI states and power management features and indicates whether they are supported.

Table 8: Power management support

—_

ooxsoxcomapmmnsitions

GO/SO/CO: Hardware themral control (llTC) Yes 2.l0.3.l [PROCHO'LL and I‘llu'dware Thermal Con-
trol (HTC )]

cursoxco: Local Hardware thermal control (LHTC) 2.lo-3.2 [Local Hardware Thermal Control (LHTC)]

SpecificI

00180-60: Sofiwm meme! com! (370 -—
Gorsomo: ThermalclockmrottlinslSMCconflvfledl _—
60/50: Low power C-states Yes 2.5.3.2 [(‘-states] and 2.5.l .4.2 [Alternate Low Power

Voltages]

—-m-—

———
—_
—“2.5.l [Processor Power Planes And Voltage Control]

1. Support for this ACPI state or power management feature varies by processor revision. See |.S.2 [Sup-

ported Feature Variations].

Exhibit B.1
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Furthermore, the Core P-states and Core C-states are in response to clock frequencies supplied to a central

processing unit. For example, the core P-states are “characterized” by “core frequency;” core P-state changes are

further requested by software. See e.g., BKDG, § 2.5.3.1, 2.5.3.1.3;

2.5.3.] Core P-states

Core P~states are operational performance states characterized by a unique combination of core frequency and

voltage. The processor supports up to 8 core P-states, specified in MSRCOOI_00[6B:64]. Out of reset, the volt-

age and frequency of the cores is specified by MSRCOOI_007I [StartupPstate].

Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRCOOI_00[63:64][PstateEn]. The DID and VlD for each core P-state is specified in MSRCOOI_00[6B:64].

The CGP for core P-states is a function of the main PLL frequency and the DID. See D18F3xD4[MainPll0p-

Freqld] for more details on the main PLL frequency and MSRCOOI-OO[GB:64][CpuDidLSD] for more details
on the DID.

Software requests core P-state changes for each core independently using the hardware P’state control mecha-

nism (also known as “fire and forget"). Support for hardware P-state control is indicated by CPUlD

Fn8000_0007_E DX[Histate]=lb. P-state transitions using the hardware P-state control mechanism are not

allowed until the P-state initialization requirements defined in 2.5.3. I .7 [BIOS Requirements for Core P-State

Initialization and Transitions] are complete.

Exhibit B]
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2.5.3.1.3 Core P-state Control

Core P-states are dynamically controlled by software and are exposed through ACPl objects (see 2.5.3. I .9

[ACPl Processor P-State Objects]). Software requests a core P-state change by writing a 3 bit index corre—

sponding to the desired non-boosted P-state number to MSRCOOI_OO62 [P-State Control] of the appropriate

core. For example. to request P3 for core 0 software would write 01 lb to core 0’s

MS RCOO l _0062[PstateCmd]. Boosted P-states may not be directly requested by sofiware. Whenever sofiware

requests the P0 state (i.e. when software writes 00% to MSRCOOI_0062[PstateCmd]) on a processor that sup-

ports CPB, hardware dynamically places that core into the highest-performance P-state possible as determined

by CPB. See 2.5.3.1.l [Core Performance Boost (CPB)].

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3.1.6 [Core P-state Transition Behavior] with no additional soflware interaction required. Hardware also

coordinates frequency and voltage changes when differing P-state requests are made on cores that share a fre-

quency or voltage plane. See 2.5.2 [Frequency and Voltage Domain Dependencies] for details about hardware
coordination.

Core P-states are changed without interacting with an external chipset. However. the chipset is notified of core

P-state changes by the P-state special cycle if MSRC001_001 F[EnaPStateSprc]=l. This message is sent

regardless of whether the change is to or from a boosted P-state or a non-boosted P-state.

Similarly, C-states are “dynamically requested by software” and also dependent upon clock frequency. See BKDG §§

2.5.3.2.2, 2.5.3.2.3.1, 2.5.3.232; p.320-321:
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2.5.3.2.3J Core C I (CC 1) State

When a core enters the CC I state. its clock ramps down to the frequency specified by D] 8F4x1A8[Single-

HalthuDid].

2.5.3.232 Core C6 (CC6) State

When a core enters the CC6 state, it executes the following sequence:

1. LI and L2 caches are flushed to DRAM by hardware.

2. [ntemal core state is saved to DRAM by hardware.

3. The core clock ramps down to the frequency specified by D18F4xlACIC6Did].

4. Power is removed from the core if possible as specified by D l 8F4x I AC[CoreC6Cap] and

D18F4xlAC[CoreC6Dis].

The events which cause a core to exit the CC6 state are specified in 2.5.3.2.6 [Exiting C-states].

If a warm reset occurs while a core is in CC6. all MCA registers in the core shown in Table 41 are cleared to 0.

See 2.16 [Machine Check Architecture].

DlSF4xlAC CPU State Power Management Dynamic Control 1
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a first memory that stores a clock

control library for controlling a clock

frequency transition between said

ordinary operation modes;

C6Did: CC6 divisor. Read-write. Reset: 0. BIOS: th. Specifies the divisor applied to the core when

ramping clocks down for CC6. See 2.5.3.23 [C-state Actions] for details.

B_it_§ Mgr

l Ch-00h Reserved.

th 128

lEh 512

th Clocks off.

See 018F4x lA8[SingleHalthuDid].

The Accused Products include a first memory that stores a clock control library. For example, the SMU contains

memory that stores the firmware and configuration space registers, including a clock control library. The clock

control library controls clock frequency transition between the P-states. See e.g., BKDG, 30:

Northbridge (N B)

- Transaction routing

- Configuration and IO-space

registers

- Root complex

- Graphics core (optional)

BKDG, section 2.12:
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2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3.17 [GPU Memory Mapped Registers] for registers descriptions and details.

2.] 2.l Microcontroller

The SMU contains a microcontroller with a l6k ROM and a l6k RAM.

See also BKDG, Table 10:

Table l0: P-state control example

D18F4x15C[NumBoostStates]=l

Index Used for Corresponding

Requests/Status MSR Address

MSRC001_0064

MSRCOOI_0065

MSRC001_0066

MSRCOOI_OO67

MSRC001_0068

MSRC001_0069

MSRCOOI_006A

MSRC001_OO6B

lb a system control circuit which has a The Accused Product has a system control circuit, for example, the System Management Unit and/or the System

register, wherein said system control Management Controller, that has a register. See e.g., BKDG:

D l 8F4x l 5C[NumBoostStates]=3

Index Used for

Requests/Status

P-state Name P-state Name Corresponding
MSR Address

MSRCOOI _0064

MSRCOO l _0065

MSRCOOI _0066

MSRC001_0067

MSRCOOI-0068

MSRCOO l _0069

MSRCOOI _006A

MSRCOOI_OOGB

3I
m

:3\b)

Pb2 :1\

m—

13"Uv...)

P2

P3

P4

'U|%:|l|!lll%|||l|l“\||lll“| 
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circuit carries out the clock

frequency transition between said

ordinary operation modes and said

special modes in response to a

change of a value in said register,
and also carries out the clock

frequency transition among said

ordinary operation modes in

response to said clock control library;

 
Northbridge (NB)

- Transaction muting

- Configuration and IO-space

registers

- Root complex

- Graphics core (optional)

BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and mntime. Several internal registers are used to control

various tasks. See 3.17 [G PU Memory Mapped Registers] for registers descriptions and details.

2.IZ.I Microcontroller

The SMU contains a microcontroller with a l6k ROM and a l6k RAM.

The NB/SMU controls the clock frequency transitions between the core P-states. See e.g., SATHE

et al.: RESONANT-CLOCK DESIGN FOR A POWER-EFFICIENT, HIGH-VOLUME X86-64 MICROPROCESSOR,

p.144

tion of the configuration programming interface. On receiving

notification from the NB of a PState transition, the core im-

plements a PState entry sequence which transitions the core

into a clock-gated state. A program sequencer then accesses a
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a clock generation circuit that

receives a plurality of standard

clocks, wherein said clock generation

circuit generates a clock supplied to

said central processing unit

according to control by said system

control circuit; and

The Accused Products include a digital frequency synthesizer clock generation circuit, including the core PLL, clock

multipliers and dividers, and/or the digital frequency synthesizer. The DFS receives a plurality of standard clocks,

for example, different phases of the PLL clock or reference clock, and outputs the core clock such as CCLK to the
CPU.

The clock generator circuit includes at least the PLL and the digital frequency synthesizer. The DFS receives a

plurality of standard clocks (the 4 phases-offset references provided by the PLL), and generates CCLK according to

control by the SMU:
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a second memory that stores an

application program, wherein calling

of said clock control library and

Fin I I “We :4an nonar-ninn

Source: Foley et 31., A Low-Power Integrated x86-64 And Graphics Processor For Mobile Computing Devices, Fig. 1.,

11; p.224-225.

The Accused Products include a second memory, such as the hierarchy of L1, L2 caches that stores an application

program, including but not limited to ACPI drivers, power management utilities, APIs provided by AMD, or any

software that causes the SMU/SMC firmware to perform P-state transitions. See BKDG section 2.5.3.1.3; p. 429:
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changing of said register value are

programmably controlled by said

application program to enable user

selectable clock frequency

transitions,

2.5.3.1.3 Core P-state Control

Core P-states are dynamically controlled by sofiware and are exposed through ACPl objects (see 2.5.3.1.9

[ACPl Processor P—State Objects]). Software reguests a core P-state change by writing a 3 bit index corre-

swnding to the desired non-boosted P-state number to MSRCOOI 0062 |P-State Contro|| of the appropriate
core. For example. to request P3 for core 0 soltware would write 01 lb to core 0’s

MSRCOOI_0062[PstateCmd]. Boosted P-states may not be directly requested by sofiware. Whenever software

requests the PO state (Le. when software writes 00% to MSRCOOI_0062[PstateCmd]) on a processor that sup-

ports CPB, hardware dynamically places that core into the highest-performance P-state possible as determined

by CPB. See 2.5.3.l.l [Core Performance Boost (CPB)].

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3.1.6 [Core P-state Transition Behavior] with no additional software interaction required. Hardware also

coordinates frequency and voltage changes when dilTering P-state requests are made on cores that share a fre-

quency or voltage plane. See 2.5.2 [Frequency and Voltage Domain Dependencies] for details about hardware
coordination.

MSRC001_0062 P-State Control

_

2:0 PstateCmd: P-state change command. Read-write. Reset: Product-specific. Writes to this field

cause the core to chan e to the indicated non—boosted P-state number specified by

MSRCOO l_00[6B:64]. 0=SWPO. l=SWPl. etc. P-state limits are applied to any P-state requests made

through this register. See sections 2.5.3.1 [Core P-states] and 2.5.3.121 [Software P-state Number-

ing]. Reads from this field return the last written value. regardless of whether any limits are applied.
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wherein said special modes comprise

a first special mode in which clock

supply to principal constituents of

said central processing unit is

halted, a second special mode in

which clock supply to an entirety of

said central processing unit is

halted, and a third special mode in

which supply of power to the entirety

of said central processing unit is
halted.  

The Accused Products include a first special mode in which clock supply to principal constituents of said central

processing unit is halted, for example the core Cl (C01) state:

2.5.3.2.3.l Core Cl (CCl) State

When a core enters the CC] state. its clock ramps down to the frequency specified by D18F4xlA8[Single-

HalthuDid].

VDl8F4xlA78 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

SingleHalthuDid. Read-write. BIOS: lEh. On a processor with multiple cores. this specifies the

divisor used when ramping core clocks down after a single core has entered the clocks ramped state.

M Divisor

l Ch-OOh Reserved.

th 128

lEh 512

th Clocks ofi'.

- If MSRC‘OO] _00[6B:64][CpuDidMSD] of the current P-state is greater than or equal to Single-

HalthuDid. then no frequency change is made when entering the low-power state associated with

this register.

. The GOP = (the frequency specified by Dl 8F3xD4[MainPllOpFreqld]) / (the divisor specified by

this field).

The Accused Products include a second special mode in which clock supply to an entirety of said central

processing unit is halted, for example the package Cl (PCl) state:
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2.5.3.2.33 Package C l (PC 1) State

The processor enters the PC 1 state with autOvain when all of the following are true:

0 All cores are in the CC I state or deeper.

lf D18F4x1AC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I . the P-state for

all cores is transitioned as specified by 2.5.3.2.7.l [Auto-Pmin]. Regardless of the state of DlSF4x lAC[CstP-

minEn], all core clocks are ramped to the frequency specified by DI 8F4xlA8[AllHalthuDid].

DlSF4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

AllHalthuDid. Read-write. BIOS: th. Specifies the divisor used when entering PC 1 with or with-

out auto-Pmin. See 2.5.3.233 [Package C 1 (PCI) State].

B_its Divisor

l Ch-OOh Reserved.

IDh [28

[Eh 512

th Clocks off.

See D l 8F4x l A8[SingleHalthuDid].

The Accused Products include a third special mode in which supply of power to the entirety of said central

processing unit is halted, for example the package 06 (P06) state:
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2.5.3.114 Package C6 (PC6) State

The processor enters the PC6 state when all of the following are true:

- All cores enter the CC6 state.

- The C-state action field targeted by each core’s C-state request has the C6Enable bit programmed to indi-

cated entry into PC6 is allowed. See DI8F4xl18 and DI 8F4xl lC.

- PC6 is supported and enabled as specified by DI8F4xlAC[PkgC6Cap] and D 18F4xlACIPkgC6Dis].

When the package enters PC6, VDDCR-CPU is transitioned to the VID specified by Dl8F3x l28[C6th].

2.5.1.4.2 Alternate Low Power Voltages

In order to save power, voltages lower than those normally used may be applied to the VDDCR_CPU power

plane while the processor is in a C-state.

Dl 8F3x128[C6Vid] specifies a VDDCR_CPU voltage that does not retain the CPU caches or the cores’ micro-

architectural state. nor allows for execution. As a result, hardware flushes caches and saves the cores’ microar-

chitectural state to DRAM before transitioning to C6Vid. See 2.5.3.2.3.4 [Package C6 (PC6) State].

2.5.1.4.3 Power Gating

The processor can remove power from an individual core. This is referred to as power gating. Gating power to

a subcomponent causes its internal microarchitectural state and, if applicable. any data in its caches to be lost.

When entering a power gated state, hardware saves any needed data, either internally or to DRAM. and flushes

caches. When exiting a power gated state, hardware performs any required resets and restores any needed data.

See 2.5.3.232 [Core C6 (CC6) State].
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A system LSI as claimed in claim 1,

wherein said clock control library

comprises:

a plurality of libraries that control said The clock control libraries of the Accused Products contain a plurality of libraries that control the SMU and clock

system control circuit and said clock generator to transition clock frequencies. For example, source code provided by AMD to ooreboot indicates that P-

generation circuit to transition the clock state and C-state transitions are controlled by separate libraries:

frequencies supplied to said central

processing unit; and h t 5:” 't ub.co c r b ot/ reboo Itree/ aster/src/v dorcode/amd/a esal 4/Proc/ PU/ eature

a main library which is called by said As discussed above, P-states and C-states may be controlled by software, which includes a main library that calls

application program and selects any one upon the plurality of libraries.

of said libraries in correspondence with

the clock frequency supplied to said

central processing unit.

wherein said main library is described The main library in the SMU firmware and the application program instructions stored in the caches are both use

using a same program language as said the same language such as machine code.

application program.

wherein each of said libraries is The SMU firmware directly controls the SMU hardware.

described using a program language

capable of directly controlling said clock

2p
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generation circuit and said system
control circuit.

wherein each of said libraries is The SMU firmware directly controls the SMU hardware and is described using an assembler language such as

described using an assembler language. machine code.

7. A system LSI as claimedin claim 1,

wherein said system control circuit

comprises:

a frequency division ratio setting The NB of the Accused Products contains a frequency division ratio setting register that sets a frequency division

register that sets a frequency division ratio of the clock generated by said clock generation circuit. The NB contains the configuration register space for the

ratio of the clock generated by said clock Accused Products.

generation circuit;

See e.g., BKDG:

Northbridge (NB)

- Transaction routing

- Configuration and IO-spnce

registers

- Rool complex

- Graphics core (optional)

 
BKDG, section 2.12:
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2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3. I 7 [GPU Memory Mapped Registers] for registers descriptions and details.

2.] 2.l Mierocontroller

The SMU contains a microcontroller with a |6k ROM and a 16k RAM.

Configuration space register mnemonics are defined in section 3.1 of the BKDG:

- DXFYXZZZ: PCl-defined configuration space; X specifies the hexadecimal device number (this may be [or

2 digits). Y specifies the function number. and ZZZ specifies the hexidecimal byte address (this may be 2 or

3 digits; e.g.. D l 8F3x40 specifies the register at device 1811. function 3. and address 40h). See 2.7 [Configu-

ration Space], for details about configuration space.

the core Cl (CCl) state:

2.5.3.2.3J Core C I (CCI) State

When a core enters the CC I state, its clock ramps down to the frequency specified by D18F4xlA8[Single-

HalthuDid].
 

ib18F4xlA8 CPU State Power Management bynamie Control 0

Reset: 0000_0000h.
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SingleHalthuDid. Read-write. BIOS: lEh. On a processor with multiple cores. this specifies the

divisor used when ram-_in core clocks down after a single core has entered the clocks ramped state.

its Divisor

l Ch-OOh Reserved.

th 128

lEh 512

0c 50'.

- lf MSRCOOl_00[6B:64][CpuDidMSD] of the current P-state is greater than or equal to Single-

HalthuDid. then no frequency change is made when entering the low-power state associated with

this register.

- The COF = (the frequency specified by D] 8F3xD4[MainPllOpFreqld]) / (the divisor specified by

this field).

2.5.3.2.33 Package C l (PCl) State

The processor enters the PC] state with auto-Pmin when all of the following are true:

- All cores are in the CC I state or deeper.

If D] 8F4x 1 AC[CsthinEn] indicates that auto'Pmin is enabled when the processor enters PC I. the P-state for

all cores is transitioned as specified by 2.5.3.2.7.l [Auto-Pmin]. Regardless of the state of D18F4x lAC[CstP-

minEn]. all core clocks are ramped to the frequency specified by DI 8F4xlA8[Alll-lalthuDid].

DI8F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.
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9:5 AllHalthuDid. Read-write. BIOS: th. Specifies the divisor used when entering PC I with or with-

out auto-Pmin. See 2.5.3.2.3.3 [Package C 1 (PC 1) State].

gig Divisor

lCh-OOh Reserved.

th [28

15h 512

no it o .

See Dl8F4x1A8[SingleHalthuDid].

a clock halting register that receives the the core C1 (CC1) state:
clock from said clock generation circuit

and individually sets the clock to be

halted or supplied;

2.5.3.2.3J Core C 1 (CC1) State

When a core enters the CC I state. its clock ramps down to the frequency specified by D] 8F4x l A8[Single-

HalthuDid].

>DlSF4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000__0000h.
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SingleHalthuDid. Read-write. BIOS: lEh. On a processor with multiple cores. this specifies the

divisor used when ramping core clocks down after a single core has entered the clocks ramped state.

Bis m

l Cir-00h Reserved.

th 128

lEh 512

IFh Clocks ofl‘.

- If MSRCOOl_00[6B:64][CpuDidMSD] of the current P-state is greater than or equal to Single-

HalthuDid. then no frequency change is made when entering the low-power state associated with

this register.

- The COF = (the frequency specified by D] 8F3xD4[MainPllOpFreqld]) / (the divisor specified by

this field).

The Accused Products include a second special mode in which clock supply to an entirety of said central

processing unit is halted, for example the package Cl (P01) state:

2.5.3.233 Package C 1 (PC!) State

The processor enters the PC 1 state with auto-Pmin when all of the following are true:

- All cores are in the CC 1 state or deeper.

If D] 8F4xlAC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I , the P-state for

all cores is transitioned as specified by 25.3.2.7.1 [Auto-Pmin]. Regardless of the state of DlSF4x lAC[CstP-

minEn], all core clocks are ramped to the frequency specified by D] 8F4x l A8[AllHalthuDid].
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Dl8F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

9:5 AllHalthuDid. Read-write. BIOS: th. Specifies the divisor used when entering PC I with or with-

out auto-Pmin. See 2.5.3.2.}.3 [Package C I ( PC 1) State].

Bfi Divisor

I Ch-00h Reserved.

th 128

I Eh 512

th Clocks off.

See D18F4xlA8[SingleHalthuDid].
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And a status register that judges a state

of said central processing unit

immediately after being released from

said third special mode.

2.5.3.2.7.2 Exiting PC6

If the PService timer is enabled when the processor exits PC6. all cores transition to the P-state specified by

W.The cores remain in this state until one of the following occurs:

- The PScrvicc timer expires while the package is in C0: In this case. the cores transition back to the last P-

state requested by software.

' The package enters PC 1 without auto—Pmin: In this case, the PService timer continues counting. If it

expires while in PC I . the cores remain in the P-state specified by D l 8F4x l AC[PstateIdCoreOtiExit]

until they return to C0. at which time they transition to the last P-state requested by sofiware.

The package enters PC 1 with auto-Pmin: In this case. the PService timer stops counting and the cores
enter the PService state.

The package enters PC6: In this case the PService timer stops counting and the actions associated the

requested package C-state occur. See 2.5.3.2.3.4 [Package C6 (PC6) State].

If the PServicc timer is disabled when the processor exits PC6, the cores transition back to the last P-state

requested by sofiware.

See also BIGJG pp.320—321:

DISF4xlAC CPU State Power Management Dynamic Control l

18: l 6 PstateldCoreOffExit. Read-write. Reset: 0. BIOS: See 2.5.3.2.9. When exiting the package (‘6 state,

the core transitions to the P-state specified by this register. See 2.5.3.212 [Exiting PC6]. If PC6 is

enabled (see 2.5.3.2.9 [BIOS Requirements for C-state lnitializationD. PstateldCoreOftExit must be

programmed to the lowest-performance P-state displayed to the operating system or to any lower-per-

formance P-state. This P-state must have a core clock frequency ofat least 400 MHz. Programming

this field to 0 causes the core to transition to the last P-state requested by software when exiting pack-

age C6. This field uses hardware Postate numbering. See 2.5.3.122 [Hardware P-state Numbering].
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gmmmawmmmx—
wherein said first memory and said As detailed above, the first memory in the SMU and the second memory in the caches are independent memories
second memory are two independent that are separated from each other.
memories which are separated from
each other;
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Exhibit B.2: Preliminary Infringement Claim Charts for US. Patent 6,895,519

Accused Products: AMD 15h Products

These preliminary infringement contentions were prepared Without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

Contention

A system LSI having a plurality of To the extent that the preamble is limiting, Aquila contends that it is met.

ordinary operation modes and a

plurality of Special modes in For example, the 15h Accused Product is a system LSI.
response to clock frequencies _ _ .

li - The Accused Product has a plurality of ordinary operation modes, for example the Core P-states. See BIOS and Kernelsupp ed to a central processrng
. . . Developer’s Guide for AMD Family 15h Models 60h-6Fh Processors (“BKDG”), §2.5.2.1:

umt, comprismg:

2.5.2.1 Core P-states

Core P—states are operational performance states characterized by a unique combination ofcore frequency and

voltage. The processor supports up to 8 core P-states (P0 through P7), specified in MSRCOOI_00[GB:64]. Out

ofcold reset, the voltage and frequency ofthe compute units is specified by MSRC001_0071[Stamerstate]-

Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRC001_00[6B:64][PstateEn]. Software requests core P-state changes for each core independently. Support

for hardware P-state control is indicated by CPUID Fn8000_0007_EDX[Histate]=1b- Software may not

request any P—state transitions until the P-state initialization requirements defined in 25.2.1.5 [BIOS Require-

ments for Core P-state Initialization and Transitions] are complete.

The processor supports independently—controllable frequency planes for each compute unit and independently-

controllable voltage plane for all compute units.

See also BKDG at p.691:
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MSRC001_00[6B:64| 1mm [7:0]

Per-node. Cold reset: Varies by product. Each ofthese registers specify the frequency and voltage associated
with each ofthe core P-states.

Table 270: Register Mapping for MSRC001_00[6B:64]

MSRCOOI_0064

MSRC001_0065

MSRCOOI_0066

MSRCOOI_0067

MSRC001_0068

MSRCOOI_0069

MSRC001_006A

MSRC001_0063

The CpuVid field inthese registers is required to be programmed to the same value in all cores ofa processor,

but are allowed to be difi'erent between procms in a maid-processor system. All other fields in these

registers are required to be programmed to the same value in each core ofthe coherent fabric. See 2.5.2 [CPU

Core Power Management].

 
BImG at p.61:
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Table 10: Sofiware P—state Naming

DlSF4x15C[NumBoostStates]=l D18F4xlSCfNImBoostStatesl=3

Register Address Register Address

“um

———-n-
m
“—__
“"1-
m-———
——-m—
“MSRCOOI_00¢SB ”-MSRCOOl_OOGB

All sections and register definitions use sofiwate P-state numbedng unless otherwise specified.

The Carrizo has a plurality of special modes, for example, the Core C-states or deep sleep modes such as ACPI S3 or

connected standby SOi3. See BKDG, §§ 2.5.2.2, 2.5.2.2.1, 2.5:

2.5.2.2 Core C-states

C-states are processor power states. C0 is the operational state in which instructions are executed. All other C-

states are low-power states in which instructions are not executed. When coming out ofwarm and cold reset,

thecoresatettansitionedtotheCOsmte-
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2.5.2.2.] C-state Names and Numbers

C-states are often referred to by an alphanumeric naming convention, C1, C2, C3, etc- The mapping between

ACPI defined C-states and AMD specified C—states is not direct. AMD specified C-states are referred to as 10-

based C—states- Up to three IO—based C-states are supported, IO-based C—state 0, l , and 2. The IO-based C—state

index corresponds to the ofl'set added to MSRC001_0073[CstateAddr] to initiate a C-state request. See

2.5.2.2.2 [C-state Request Interface]. The actions taken by the processor when entering a low-power C-state

are configured by software. See 2-5.2.2.3 [C-state Actions] for information about AMD specific actions.

2.5 Power Management

The processor supports a wide variety ofpower management features, including:

- OS-directed power management such as ACPI.

0 Clock frequency and voltage states (refered to as P-states and DPM states), including:
- CPU core P-states-

- Northbridge P—states.

- Memory P—states.

- Graphics DPM states.
- Multi-rnedia block DPM states.

Power and thermal management for performance.

0 Power optimization between blocks for optimal performance-

0 Voltage transient tolerance.

Power efiiciency for battery life, including:

- Deep sleep modes (e.g., ACPI $3, or connected standby $03).

0 Limiting frequency when it provides little value.

BIOS-configurable specifications.

Furthermore, the Core P-states and Core C-states are in response to clock frequencies supplied to a central processing

unit. For example, the core P-states are “characterized” by “core fi'equency;” core P—state changes are further

requested by software. See e.g., BKDG, § 2.5.2.1, 2.5.2.1.2:
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2.5.2.1 Core P—states

Core P-states are operational performance states characterized by a unique combination ofcore fi'equency and

voltage- The processor supports up to 8 core P—states (PO through P7), specified in MSRC001_00[GB:64]. Out

ofcold reset, the voltage and frequency ofthe compute units is specified by MSRC001_0071[StartupPstate].

Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRC001_00[6B:64][PstateEn]. Software requests core P—state changes for each core independently. Support

for hardware P-state control is indicated by CPUID Fn8000_0007_EDX[Hme]=1b. Software may not

request any P—state transitions until the P-state initialization requirements defined in 25.215 [BIOS Require-

ments for Core P-state Initialintion and Transitions] are complete.

The processor supports independently-controllable fiequency planes for each compute unit and independently-

controllable voltage plane for all compute units.

2.52.1.2 Core P-state Control

Core P—states are dynamically controlled by sofiware and are exposed through ACPI objects (refer to

2.52-113 [ACPI Processor P—state 0bjects]). Sofiware requests a core P-state change by writing a 3 bit index

corresponding to the desired P-state number to MSRC001.0062[PstateCmd] ofthe appropriate core. For

example, to request P3 for core 0 software would write Ollb to core 0’s MSRC001_0062[PstateCmd].

Similarly, C-states are “dynamically requested by software” and also dependent upon clock frequency. See BKDG §§

2.52.2.2, 2.52.2.3, 3.14
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2.5.2.2.2 C-state Request Interface

Cvstates are dynamically requested by software and are exposed through ACPI objects (see 2.5.2.2.6 [ACPI

Processor C-state Objects]). C-states can be requested on a per-core basis. Software requests a C-state change

in one oftwo ways:

0 Reading from an 10 address: The 10 address must be the address specified by MSRC001_0073[CstateAddr]

plus anofl'setofo through 7. Theprocessoralwaysreuunso forthisIO read. Ofl’setsZthrough 7 resultinan
ofl'sct of2.

- Executing the BLT instruction This is equivalent to reading from the 10 address specified by

D18F4xl 28[HaltCstateIndex].

When software requests a C-state transition, hardware evaluates any frequency and voltage domain

dependencies and determines which C-state actions to execute. See 2.5.2.2.3 [C-state Actions]-

2.5.2.23 C—state Actions

A core takes one ofseveral difi‘erent possible actions based upon a C~state change request from software. The

C-state action fields are defined in D18F4x1 l[C:8].

D18F4xll[C:8] C—state Control

D18F4xl 1[C:8] consist ofthree identical 16-bit registers, one for each C-state Action Field (CAF) associated

with an 10 address that is read to enter C—states. Refer to 2.5.2.2 [Core C-states].

- D18F4x118[1510] specifies the actions attempted by the core when software reads from the IO address

specified by MSRCOOI_0073[CstateAddr].

. D18F4x118[31:16] specifies the actions attempted by the core when software reads from the 10 address

specified by MSRC001_0073[CstateAddr]+l.

- D18F4xl 1C[lS:0] specifies the actions attempted by the core when software reads from the IO address

specified by MSRC001_0073[CstateAddr]+2-

[”8174le C-state Control 1
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a first memory that stores a clock

control library for controlling a

clock frequency transition between

said ordinary operation modes;

7:5 ClkDivisorCstAcw: clock divisor. Read-write. Reset: 0. BIOS: 000i). Specifies the core clock fre-

quency while in the low-power state before the caches are flushed. This divisor is relative to the cur-

rent FID frequency, or:

- 100 MHz * (101: + MSRC001_OO[GB:64][CpuI-'id[5:0]]) ofthe cmrent P—state specified by

MSRC001_0063[Canstate].

IfMSRCOO 1_00[6B:64][CpuDid] ofthe current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low-power state associated

with this register.

% My B_il_5
000]) 2'! 1001)

0011) f2 10“)

0101) 14 110!)

Ollb ."8 lllb

See CacheFlushTmrSeletActO-

The Accused Products include a first memory that stores a clock control library. For example, the SMU contains

memory that stores the firmware, including a clock control library. The clock control library controls clock frequency

transition between the P-states. See e.g., BKDG, Table 270:
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MSRC001_00[6B:64| 1mm [7:0]

Per-node. Cold reset: Varies by product. Each ofthese registers specify the frequency and voltage associated
with each ofthe core P-states.

Table 270: Register Mapping for MSRC001_00[6B:64]

MSRCOOI_0064

MSRC001_0065

MSRCOOI_0066

MSRCOOI_0067

MSRC001_0068

MSRCOOI_0069

MSRC001_006A

MSRC001_0063

The CpuVid field inthese registers is required to be programmed to the same value in all cores ofa processor,

but are allowed to be difi'erent between procms in a maid-processor system. All other fields in these

registers are required to be programmed to the same value in each core ofthe coherent fabric. See 2.5.2 [CPU

Core Power Management].

See also BKDG, Table 10:
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lb

register, wherein said system
control circuit carries out the clock

frequency transition between said

ordinary operation modes and said

special modes in response to a

change of a value in said register,
and also carries out the clock

frequency transition among said

ordinary operation modes in

response to said clock control

library;

Table 10: Sofiware P—state Naming

D18F4x15C[NumBoostStates]=l D18F4xlSC[NmnBoostStates]=3

P—state Name Corresponding P—state Name Corresponding

Register Address Register Address

musncom.ooc4 .3:-msxcoomow

—Msncoo1.ooosm:-Msxcoon.ooos
“mow“ —Msacom_oosa
mmsncoouooov
“—1-momma
“——WWW
—--2-WWW
“—1-momma

All sections and register definitions use sofiware P-state numbering unless otherwise specified-

 
a system control circuit which has a The Accused Product has a system control circuit, for example, the System Management Unit and/or the System

Management Controller, that has a register. See e.g., BKDG:

- Northbridge:

- One communication packet routing block referred to as the northbridge (NB). The NB routes transac-

tions between the cores, the link, and the DRAM interfaces. It includes the configuration register space
for the device.
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a clock generation circuit that

receives a plurality of standard

clocks, wherein said clock

generation circuit generates a clock

supplied to said central processing

unit according to control by said

system control circuit; and

2.13 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. The SMU uses two blocks. System Manage-
ment Controllcr (SMC ) and Platform Security Processor (PSP). in order to assist with many of these tasks. At
the architectural level. PSP is known as MPO and SMC is known as MP1.

2.13.] System Management Controller (SMC)

The SMC is a standalone complex within AMD Family 15h Models 60h-6Fh processors that is responsible for

maintaining the power management emironment. Its functions include dynamic power management, state

switching and fan control. The SMC contains a microcontrollcr to assist with many of these tasks.

The SMU controls the clock frequency transitions between the core P-states. See e.g., SATHE

et al.: RESONANT-CLOCK DESIGN FOR A POWER-EFFICIENT, HIGH—VOLUME X86-64 MICROPROCESSOR,

p.144

tion of the configuration programming interface. 01] receiving

notification from the NB of a PState transition, the core im-

plements a PState entry sequence which transitions the core

into a clock-gated state. A program sequencer then accesses a

The Accused Products include a digital frequency synthesizer clock generation circuit, including the core PLL, clock

multipliers and dividers, and/or the digital frequency synthesizer. The DFS receives a plurality of standard clocks, for

example, different phases of the PLL clock or reference clock, and outputs the core clock such as CCLK to the CPU.

The clock generator circuit includes at least the PLL and the digital frequency synthesizer. The DFS receives a

plurality of standard clocks (the 40 phases of the reference clocks), and generates CCLK according to control by the
SMU:
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Limitation Contention

p11 (10‘. . . CLL(RL-gulalcd Supply)

I) (I'll/l I! ll'\\ l l'rn‘ I’lhln l‘h Ai'l

ll]! ‘r'lllkh‘lL'\S Ll\'\h pnkcr ll lg. (U legN lllx' 4” plIJ‘scs

l4lllUlAlI1hJ\C\ prlk1.HC(illUlH lhc I‘ll)ll dcla) ClUHlCHl\l 2N39manHnl): ‘0 161a; ‘d
L pl . ( Sl'EJlVI.nul gcnciulw .| \erlLllfll tll‘gh itnnhpumhlc mulch .imuunll Cc: evalu

in sclu'lml: dillclcnl plmscx ul lllc Lillx'h lllc clml». [\u'ku- ~ A STRETCHAAMOUNTIZfll
.ll\\ .l)\ pcllurmx a L'muplclc lunp llnuuyli :1“ III: plmws l‘L'IU!-.'

wlctlmg llw ll'l‘ plmxc (pll lel in maul an} conundrum
ui lllL‘ rim}. pulml \Nlicn llic (lurk xlxclclwi hlllt'lx IN (llx- "M‘M‘"

.1l‘lcti -.K I lil' ll ll l‘.\\l”.l ll IllL' «.lUL'K Pk'kcl \lmpl)

l‘lL'lxN Illl.‘ [Ill clk “llllUUl .m} insulin” ilcln}. ul ilw clmk

 
\llt'lu'llL’l lug“

Source: WILCOX et al.: STEAMROLLER MODULE AND ADAPTIVE CLOCKING SYSTEM IN 28 nm CMOS, Fig. 6

The digital frequency synthesizer receives multiple phases of the PLL clock (see above), and generates multiple

discrete freo uencies accordin_ to control b the SMU.

 
A Digital frequency synthesizer (DFS) that

generates multiple discrete frequencies

from a single VCO

— Root clock gating

- Disabling VCO and bypassing with low speed

fixed clocks
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Ligjtatiog Cogtentiog

System D, S DFS DFS DF ‘3 l)l-S
management

Control

Interface

x300x19 )pODnapmac] nJolgiapoaug vowown: no.)AeldSIG
_ Clock

L Stretcher
Clock Mesh with tile

level clock gaters

 
Source: Krishnan et 31., “Energy Efficient Graphics and Multimedia in 28mm Carrizo APU,” p.14
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1d

Limitation

a second memory that stores an

application program, wherein

calling of said clock control library

and changing of said register value

are programmably controlled by

said application program to enable

user selectable clock frequency

transitions,

Contention

Droop

Detector 
Source: Integrated Power Conversion Strategies Across Laptop, Server, and Graphics Products, 2016' Power SOC

Conference, p.4.

The Accused Products include a second memory, such as the hierarchy of L1, L2 and/or L3 caches that stores an

application program, including but not limited to ACPI drivers, power management utilities. APIs provided by AMD,

or any software that causes the SMU/SMC firmware to perform P-state transitions.
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wherein said special modes

comprise a first special mode in

which clock supply to principal
constituents of said central

processing unit is halted, a second

special mode in which clock supply

to an entirety of said central

processing unit is halted, and a

third special mode in which supply

of power to the entirety of said

central processing unit is halted.

gorejfitgtgs grgdjnamieaflyfgngollgdhisofiware and are exposed through ACPI objects (refer to

2.5.2. l.7.3 [AC‘I’I Processor P-smte Objcclsjl. Software regucsls a core l’-slatc change. lzy writinga 3 bit Index
-.---- ---—'---—- —-- _-—--.

correspprldiggto the desired P-slale gulnheltg M‘SLRCOIH 0062.] PsrateCmd] of the gpgrgpriate core. For
emuplmqrequest P3101 cots Q wflm meld writefillh m £03.01 MSRflELflflé-ZLPstmfde »

MSRCODI_0062 P-state Control

_
2:0 PstateCmd: P-state change command. Rad-“Tile; Not-same-for—all. Cold reset value vanes by

product after a warm reset. value initializes to the P—smte the core was in prior to the reset. Writes to

the fieldsarss racers t9. shenautuhs unifieseven-$9.0M B-swiertsmbci- EPSCLfiEdJ’l

MSRCINH (“69:941. t_)~_PU l Pl‘ete‘ P-st_ate limits are applied to aniP-state regigsg made
----.—- d-- -c- ------ c--- ---- ---

thgogh this register; Reads from this field return the last written value. regardless of whether any lim-
its are applied. This field uses software P-stnte numbering. See 2.52 [CPU Core Power Management]

and 2 5 2 I ll [Software P-state Numbering]

The Accused Products include a first special mode in which clock supply to principal constituents of said central

processing unit is halted, for example the core Cl (CC 1) state: 
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The Accused Products include a second special mode in which clock supply to an entirety of said central
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processing unit is halted, for example the package C1 (P01) state:
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A system LSI as claimed in claim 1,

wherein said clock control library

comprises:

The Accused Products include a third special mode in which supply of power to the entirety of said central

processing unit is halted, for example the package 06 (P06) state:

2.5.2.2s.4 :°P§c1§g2 (356,563 suit; I

When all cores enter a non-CU state,_VpI_) sap beggdgcsdjoa_n9n.-ope_ra.ti9n_al_v9_l§1§ethat does not retain core
state. This state is known as PC6 and reduces the amount of static and dynamic power consumed by all cores.

The following actions are taken by hardware prior to PC6 entry:
I. If MSRC001 _0t)7l[CurPstate] < Dl8F3xA81PopDowriPstatel. transition the core P-state to

D1817SxA8[PopDownPstatc].

2. For all cores not in CC6. Li and L2 caches are flushed to DRAM. See 25.2.2.3.1 [C-statc Probes and Cache

Flushing].

3. For all cores not in CC6. internal core state is saved to DRAM.

4. VDD is transitioned to the VID specified by D18F5x128lPC6V1d].

All of the following must be true on all cores in order for a package to be placed into PC6:
- D18F4xl 18/D18F4xl 1C[CacheFlushEnl — I for the corresponding C~state action field.

- D18F4x118/D18F4xl leCacthlushTmrScl] != 11b for the corresponding C-statc action field.

- D18F4xl l8rD18F4xl lePerfl‘EnCstAct] = l for the corresponding C-statc action field.

- D18F2xll8[CC6SaveEn]—~ l.

- D18F2xl I8[LockDrameg] =2 .

. MSRClKlIJKH5[HltXSprcEn] ——— 1.
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a plurality of libraries that control said The clock control libraries of the Accused Products contain a plurality of libraries that control the SMU and clock

system control circuit and said clock generator to transition clock frequencies. For example, source code provided by AMD to coreboot indicates that P—state

generation circuit to transition the and C-state transitions are controlled by separate libraries:

clock frequencies supplied to said

central processing unit; and htt s://c omi . o leso rce.com/chromi os/third a coreboot/+lfirm are- '

52 16. 1 .B/src/vendorcode/amd/agesa/fl5/Proc/CPU/Family/0x15/OR/

a main library which is called by said As discussed above, P-states and C-states may be controlled by software, which includes a main library that calls upon

application program and selects any the plurality of libraries.

one of said libraries in correspondence

with the clock frequency supplied to

said central processing unit.

aLSIWM2,—
wherein said main library is described The main library in the SMU firmware and the application program instructions stored in the caches are both use the

using a same program language as same language such as machine code.

said application program.

a w as med cm 2,—
wherein each of said libraries is The SMU firmware directly controls the SMU hardware.

described using a program language

capable of directly controlling said

clock generation circuit and said

system control circuit.
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L]'m‘fling £9915Minn

aLaw...— wherein each of said libraries is

described using an assembler

7. A system LSI as claimed in claim 1,

wherein said system control circuit

comprises:

a frequency division ratio setting

register that sets a frequency division

ratio of the clock generated by said

clock generation circuit;

The SMU firmware directly controls the SMU hardware and is described using an assembler language such as
machine code.

 

The NB of the Accused Products contains a frequency division ratio setting register that sets a frequency division ratio

of the clock generated by said clock generation circuit. The NB contains the configuration register space for the
Accused Products.

See BKDG section 2.1:

- Northbridge:

- One communication packet routing block referred to as the northbridge (NB). The NB routes transac-

tions between the cores, the link, and the DRAM interfaces. It includes the configuration register space
for the device.

Configuration space register mnemonics are defined in section 3.1 of the BKDG:

' DXFYxZZZ: PC l-defined configuration space; X specifies the hexadecimal device number (this may be lor

2 digits), Y specifies the function number. and ZZZ specifies the hexidecimal byte address (this may be 2 or

3 digits; e.g.. D18F3x40 specifies the register at device 18h. function 3. and address 40h). Sec 2.7 [Configu-

ration Space], for details about configuration space.
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a clock halting register that receives

the clock from said clock generation

circuit and individually sets the clock

to be halted or supplied;
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And a status register that judges a DI8F3xC8 COFVID Status Low

state 0f sald central processmg “mt See 2.5.2 [CPU Core Power Management].
immediately after being released from

saidthi’dspwialmde'

22:21

CurNbVidl7:0|: current NB VII). Read-only: Updated-by-hardware. Cold reset: Product-specific.

This field specifies the current VDDNB voltage.

NsttateDis: NB P-states disabled. Value: Dl8F5xl74[Nsttathis]. MSRC001_007I[Nsttatc-

Dis] is an alias of DI 8F5xl74[NsttateDis]. 0=NB P-state frequency and voltage changes are

supported. See Dl 8F5xl70[SwaPstateLoDis. NstlateDisOnPO]. l=NB P-state frequency and

voltage changes are disabled.

Reserved.

CuGCuVld|7|. Read-only; Updatedcby—hardware; Not-same-for-all. Cold reset: Product-specific.

See CuGCuVid[6:0].

Curl’state: current P-state. Read-only; Updated-byhardware; Not-same-for-all. Cold reset: Prod-

uct-specific. Specifies the current P-statc requested by the core. This field uses hardware P-state num-

bering. See MSRCOOI_OO63[CurPstate] and 2.5.2.1. [.2 [Hardware P-state Numbering]. When a P-

state change is requested. the value in this field is updated once all required frequency and voltage

transitions are completed.

CuGCuVid|6:0|: current core VID. Read-only: Updated-by-hardware; Not-same-for-all. Cold

reset: Product-specific. CuGCuVid = {CuGCquU}. CurCpuVId[6:0] }. This field specifies the

current VDD voltage.

CuGCuDld: current core divisor ID. Read-only; Updated-by-hardware. Cold reset: Product-spe-

cific. Specifies the current CpuDid of the core. See MSRC00l_00[6B:64]. When a P-state change is

requested. the value in this field is updated once all required frequency and voltage transitions are

completed.
 

CuGCuFid: current core frequency ll). Read-only; Updated-by-hardware. Cold reset: Product-

specific. Specifics the current Cquid of the core. See MSRCOOI_OO[6B:64]. When a P-statc change

is requested. the value in this field is updated once all required frequency and voltage transitions are

completed.
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ys1s: asWW—
wherein said first memory and said & detailed above, the first memory in the SMU and the second memory in the caches are independent memories that

second memory are two independent are separated from each other.

memories which are separated from
each other.
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Exhibit B.3: Preliminary Infringement Claim Charts for US. Patent 6,895,519

Accused Products: All/[D Family 16h Products

These preliminary infringement contentions were prepared Without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

Contention

A system LSI having a plurality of To the extent that the preamble is limiting, Aquila contends that it is met.

ordinary operation modes and a

plurality of special modes in For example, each product in the 16h Accused Product Family (“Accused Product”) is a system LSI.
response to clock frequencies
su lied to a central rocessin The Accused Product has a plurality of ordinary operation modes, for example the Core P-states. See BIOS and Kernel

pp p g Developer’s Guide for AMD Family 16h Models OOh-OFh Processors (“BKDG”), §2.5.3.1:

2.5.3.] Core P-states
unit, comprising:

Core P-5tates are operational performance states characterized by a unique combination of core frequency and

voltage. The processor supports up to 8 core P-states (P0 through P7). specified in MSRCOOI _00[6B:64]. Out

of cold reset. the voltage and frequency of the compute units is specified by MSRCOO l_007l[StartupPstate].
  

BKDG, Table 9:
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Table 9: Software P-state Naming

D I 8F4x l 5C[NumBoost-

States]=l

P-state Name

D l 8F4x I SC[NumBoost-

States]=3

Corresponding P-state Name Corresponding
MSR Address MSR Address

MSRC001_0064 MSRCOOI_0064

MSRC001_006S MSRC00|_0065

MSRC001_0066 MSRC00|_0066

MSRC001_0067 MSRCOOI_0067

MSRC001_0068 MSRC00|_0068

MSRC001_0069 MSRCOOI_0069

MSRC001_006A MSRC00|_006A

MSRC001_0068 MSRCOOI_0068

Pb2

P2

P3

P4

All sections and register definitions use software P-state numbering unless otherwise specified.

The Accused Product Family has a plurality of special modes, for example, the Core C-states or deep sleep modes such

as ACPI S3 or connected standby SOi3. See BKDG, §§ 2.5.3.2, 2.5.3.2.1, 2.5:
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2.5.3.2 Core C-states

C-states are processor power states. C0 is the operational state in which instructions are executed. All other C-

states are low-power states in which instructions are not executed. When coming out of warm and cold reset.

the processor is transitioned to the C0 state.

2.5.3.2.l C-state Names and Numbers

C-states are often referred to by an alphanumeric naming convention, Cl , C2. C3, etc. The mapping between

ACPI defined C-states and AMD specified C-states is not direct. AMD specified C-states are referred to as [0-

based C-states. Up to three lO-based C—states are supported. lO-based C-state 0. l. and 2. The lO-based C-state

index corresponds to the offset added to MSRC001_0073[CstateAddr] to initiate a C-state request. See

2.5.3.2.2 [C-state Request Interface]. The actions taken by the processor when entering a low-power C-state

are configured by software. See 2.5.3.2.3 [C-state Actions] for information about AMD specific actions.
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2.5 Power Management

The processor supports many power management features in a variety of systems. Table 8 provides a summary

of ACPI states and power management features and indicates whether they are supported.

Table 8: Power Management Support

———

GOI‘SO/CO: NB P-state transitions Yes 2.5.4.! [NB P-matcs]

GO/SO/CO: Hardware thermal control (HTC) Yes 2.10.3.1 [PROCHO‘IlL and Hardware
Thermal Control HITCH

2.5.3.2 [Core C-slates] and 2.5.l.3.2
[Low Power Voltages]

2.5.3.2 [Core (males)

2.5.3.2 [Core C-states]

2.5.3.2 [Core C-states] and 2.5.1.3.!
[Low Power Voltages]

2.5.3.2.3J [C-state Probes and Cache
Flushing]

2.5.4.2 [NB C-statea]

GO/SOIPer-core lO-based C-states

GOISO/C I: Halt

GOISO/CCb: Per-core Power gating

60/30: CPC-L2 power gating

GQ’SOIPC6: 0V support (‘VDD power plane).

32‘

E

GOISO/Cx: Cache flushing support

GO/SO: Northbn'dge C-states (DRAM self-refresh. NB clock-gating)

GlISl: Stand By (Powered 0n Suspend)

GlfSS: Stand By (Suspend to RAM)

01/54: Hibernate (Suspend to Disk)
Gl/SS: Shut Down (Sch 0")

03 Mechanical Off

Parallel VID Interface

Serial VID Interface I 2.5.: (Processor Power Planes And
Serial VID Interface 2 Voltage Control]

ingle-plane systems

2.5.8.l [S-state‘]

H3sE
U) z0

2.5.1 [Processor Power Planes And
Voltage Control]

2.5.9 [Application Power Manage-
ment (APMH

Number of voltage planes

APM: Application Power Management

——
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Furthermore, the Core P-states and Core C-states are in response to clock frequencies supplied to a central processing

unit. For example, the core P-states are “characterized” by “core frequency;” core P-state changes are further requested

by software. See e.g., BKDG, § 2.5.3.1, 2.5.3.1.2:

2.5.3.1 Core P—states

Core P-states are operational performance states characterized by a unique combination of core frequency and

voltage. The processor supports up to 8 core P-states (P0 through P7). specified in MSRCOOI_00[613:64]. Out

of cold reset. the voltage and frequency of the compute units is specified by MSRCOO l _007 l [Startupl’state].
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Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRCOO1_00[6B:64][PstateEn]. At least one enabled P-state (P0) is specified for all processors.

Software requests core P-state changes for each core independently using the hardware P-state control

mechanism (a.k.a. fire and forget). Support for hardware P-state control is indicated by CPUID

Fn8000_0007_EDX[Histate]=lb. Sofiware may not request any P-state transitions using the hardware P-

state control mechanism until the P—state initialization requirements defined in 2.5.3.1.6 [BIOS Requirements

for Core P-state Initialization and Transitions] are complete.

The processor supports independently—controllable frequency planes for each compute unit and the NB; and

independently-controllable voltage planes. See 2.5.] [Processor Power Planes And Voltage Control] for

voltage plane definitions.

The following terms may be applied to each of these planes:

- FID: frequency ID. Specifies the PLL frequency multiplier, relative to the reference clock. for a given
domain.

' DID: divisor ID. Specifies the post-PLL power-of—two divisor that can be used to reduce the operating

frequency.

' COF: current operating fi'equency. Specifies the operating frequency as a function ofthe FID and DID. Refer
to CoreCOF for the CPU COF formula and NBCOF for the NB COF formula.

- VID: voltage ID. Specifies the voltage level for a given domain. Refer to 2.5.1.2.! [MinVid and MaxVid

Check] for encodings.

All FlD and DID parameters for software P-states must be programmed to equivalent values for all cores and

NBS in the coherent fabric. See 2.5.3. 1 . l .1 [Software P-state Numbering]. Refer to MSRC001_00[6B:64] and

D18F5x16[C:O] for further details on programming requirements.
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2.5.3.1.2 Core P-state Control

Core P-states are dynamically controlled by software and are exposed through ACPl objects (refer to

2.5.3.1.8.3 [ACPI Processor P-state 0bjects]). Soflware requests a core P-state change by writing a 3 bit index

corresponding to the desired P—state number to MSRCOOI_0062[PstateCmd] of the appropriate core. For

example, to request P3 for core 0 sofiware would write 01 lb to core 0’s M SRC001_0062[PstateCmd].

Boosted P-states may not be directly requested by soflware. Whenever software requests the P0 state on a

processor that supports APM (i.e. writes 000b to MSRCOOI_0062[PstateCmd]), hardware dynamically places

the core into the highest-perfonnance P-state possible as determined by APM. See 2.5.9 [Application Power

Management (APM)].

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3. I .5 [Core P-state Transition Behavior] with no additional software interaction required. Hardware also

coordinates frequency and voltage changes when differing P-state requests are made on cores that share a

frequency or voltage plane. See 2.5.2 [Frequency and Voltage Domain Dependencies] for details about
hardware coordination.

Similarly, C-states are “dynamically requested by software” and also dependent upon clock frequency. See BKDG §§

 
2.5.3.2.3.2, 2.5.3.233, 2.5.3.232; p.320-321:
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2.5.3.132 Core C1 (CC!) State

When a core enters the CC] state. its clock ramps down to the frequency specified by

D l 8F4xl l8/D l 8F4xl lC[ClkDivisorCstAct].

2.5.3.2.33 Core C6 (CC6) State

A core can gate off power to its internal logic when it enters any non-C0 state. This power gated state is known

as CC6. In order to enter CC6, hardware first enters CC I then checks

D18F4xl l8/D18F4xl lC[PwrGateEnCstAct]. Power gating reduces the amount of power consumed by the

core. VDD voltage is not reduced when a core is in CC6. The following sequence occurs when a core enters the
CC6 state:

1. If MSRCOO l_007l [CurPstate] < D l 8F3xA8[PopDownPstate], transition the core P-state to

D l 8F3xA8[PopDownPstate].
Internal core state is saved to L1 cache .2.

3. L1 cache is flushed to L2 cache. See 2.5.3.2.3J [C-state Probes and Cache Flushing].

4 Power is removed from the core and the core PLlJvoltage regulator is powered down as specified by

D18F5x128[CC6PerwnRegEn].
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DI8F4xll|C=8| C-state Control

DI 8F4xl 1[C:8] consist of three identical 16-bit registers. one for each C-state Action Field (CA F) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

- D18F4xl 18[15:0] specifies the actions attempted by the core when software reads from the 10 address

specified by MSRC001_0073[CstateAddr].

° Dl8F4x1 18[31 :16] specifies the actions attempted by the core when software reads from the 10 address

specified by MSRC‘OO I_0073[CstateAddr]+l.

- D18F4xl 1C[1 5:0] specifies the actions attempted by the core when software reads fi'om the IO address

specified by MSRC‘OO I_OO73[CstateAddr]+2.

018F4x118 C-state Control 1

7:5 ClkDivisorCstActfl: clock divisor. Read-write. Reset: 0.

BIOS: 000b.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current FID frequency, or:

- 100 MHz “ (10h + MSRC001_00[6B:64][Cquid]) of the current P-state specified by

M SRCOO l _0063 [CurPstate].

1f MSRC001_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low~power state associated

with this register.

§i_t_s_ DescriptionBits Description
00% /1 1001: / 16

001 b /2 101b / 128

0 10b /4 “Oh /512

0] 1 b /8 l 1 1b Turn ofl'clocks.

See CacheFlushTmrSeletActO.
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a first memory that stores a clock

control library for controlling a

clock frequency transition between

said ordinary operation modes;

The Accused Products include a first memory that stores a clock control library. For example, the SMU contains memory

that stores the firmware and configuration space registers, including a clock control library. The clock control library

controls clock frequency transition between the P-states. See e.g., BKDG, 29:
U

- Northbridge:

- One communication packet routing block referred to as the northbridge (NB). The NB routes transac-

tions between the cores, the link, and the DRAM interfaces. It includes the configuration register space
for the device.

BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. The SM U contains a microcontroller to assist

with many of these tasks.

 
See also BKDG, Table 10:
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Tlhle 10: Software P-stnte Control

DISNx | 5C[NumBoostStatcs]=l D l 8H): 1 5ClNumBoostStates|=3

Requests/Status MSR Address Requests/Status MSR Address

m—_——
“—m
“t_—___

—_n_—P3 MSRCOOI 0068 MSRCOOI pass

jMSRCOOI0069 MSR(001_0069
‘MSRLOOI 006A . MSRCOOIVOOBA

MSRCOOI coon Wan): _006B

 

 

 

a system control circuit which has The Accused Product has a system control circuit, for example, the System Management Unit and/or the System

a register, wherein said system Management Controller, that has a register. See e.g., BKDG:
control circuit carries out the clock .

frequency transition between said ' Northbridge:
ordinary operation modes and said - One communication packet routing block referred to as the northbridge (NB). The NB routes transac-

special modes in response to a lions between the cores. the link, and the DRAM interfaces. It includes the configuration register space

change of a value in said register, for the device.
and also carries out the clock

frequency transition among said BKDG, section 2.12:

ordinary operation modes in 2.12 System Management Unit (SMU)
response to said clock control

library; The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. The SMU contains a microcontroller to assist

with many of these tasks.
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lo a clock generation circuit that

receives a plurality of standard

clocks, wherein said clock

generation circuit generates a clock

supplied to said central processing

unit according to control by said

system control circuit; and

 
See also BKDG for 14h Family 00h-0Fh Processors, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3.17 [G PU Memory Mapped Registers] for registers descriptions and details.

2.12.] Microcontroller

The SMU contains a microcontroller with a l6k ROM and a 16k RAM.

The NB/SMU controls the clock frequency transitions between the core P-states. See e.g., SATHE

et al.: RESONANT-CLOCK DESIGN FOR A POWER-EFFICIENT, HIGH-VOLUME X86-64 MICROPROCESSOR,

p.144

tion of the configuration programming interface. On receiving

notification from the NB of a PState transition, the core im-

plements a PState entry sequence which transitions the core

into a clock-gated state. A program sequencer then accesses a

 
The Accused Products include a digital frequency synthesizer clock generation circuit, including the core PLL, clock

multipliers and dividers, and/or the digital frequency synthesizer. The DFS receives a plurality of standard clocks, for

example, different phases of the PLL clock or reference clock, and outputs the core clock such as CCLK to the CPU.

The clock generator circuit includes at least the PLL and the digital frequency synthesizer. The BFS receives a plurality

of standard clocks (the 4 phases-offset references provided by the PLL), and generates CCLK according to control by the
SMU:

Singh et; al., Jaguar: A Next-Generation Low-Power x86-64 Core, pp. 25-26: 
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3.4: Jaguar, A M—Gmflon Law-Pawn“ Con 25 of 33

CU Level Clock Distribution
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 Contention

DFS Design

CK_CCLKIIIII|I|

ENA I I I I I

ENB I I I I I

LZCLK I I I I.—

- Clock dividing for various operating modes

- Duty cycle adjuster for independent control of duty cycle
within each block

 
| See also:  
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a second memory that stores an

application program, wherein

calling of said clock control library

Fin I I nFQ PIMP nammlinn

Source: Foley et al., A Low-Power Integrated 1:86-64 And Graphics Processor For Mobile Computing Devices, Fig. 1., 11;

p.224-225.

The Accused Products include a second memory, such as the hierarchy of L1, L2 caches that stores an application

program, including but not limited to ACPI drivers, power management utilities, APIs provided by AMD, or any

software that causes the SMUISMC firmware to perform P-state transitions. See BKDG section 2.5.3.1.2; p. 548:
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and changing of said register value

are programmably controlled by

said application program to enable

user selectable clock frequency

transitions,

2.5.3.l.2 Core P-state Control

Core P-statcs are dynamically controlled by software and are exposed through ACPI objects (refer to

2.5.3. I .83 [ACPl Processor Estate Obl'ectsl). Software rguests a core P-state change by writing a 3 bit index
corresponding to the desired P-state number to MSRCOOI -0062IPstateCmd] of the appmpriate core. For

example. to request F3 lOl' COI’C ll SOlEEEC would write Ul l 5 ‘0 CON 5 S MERE UUI_UMII PstatEma It

Boosted P’states may not be directly requested by software. Whenever software requests the P0 state on a

processor that supports APM (i.e. writes 000th MSRC001_0062[PstateCmd]), hardware dynamically places

the core into the highest-perfonnance P-state possible as determined by APM. See 2.5.9 [Application Power

Management (APM l].

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3. I .5 [Core P-state Transition Behavior] with no additional software interaction required Hardware also

coordinates frequency and voltage changes when differing P—state requests are made on cores that share a

frequency or voltage plane. Sec 2.5.2 [Frequency and Voltage Domain Dependencies] for details about
hardware coordination.
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wherein said special modes

comprise a first special mode in

which clock supply to principal
constituents of said central

processing unit is halted, a second

special mode in which clock supply

to an entirety of said central

processing unit is halted, and a

third special mode in which supply

of power to the entirety of said

central processing unit is halted.

MSRC001__0062 P-state Control

_

PstateCtnd: P-state change command. Read-write; Not-.same-for-all. Cold reset value varies by

product; after a wan'n rm. value initializes to the P-statc the core was in prior to the reset. Writes to

this field cause the core to change to the indicated non-boosted P-state number. specified by
MSRCODI _00|()B:64_|. O=P0. I=Pl . etc. P-state limits are applied to any P—state requests made

through this register. Reads from this field return the last written value. regardless of whether any lim-

its are applied. This field uses software P-state numbering. See 2.5.3 [CPU Power Management] and

2.5.3. I. l .1 [Software P-state Numbering].

The Accused Products include a first special mode in which clock supply to principal constituents of said central

processing unit is halted, for example the core Cl (CC1) state:

2.5.3.2.3.2 Core Cl (CCl) State

When a core enters the CC] state, its clock ramps down to the frequency specified by

D18F4xll8/D18F4xl lC[ClkDivisorCstAct].
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2.5.3.132 Core C1 (CC!) State

When a core enters the CC] state. its clock ramps down to the frequency specified by

D l 8F4xl l8/D l 8F4xl lC[ClkDivisorCstAct].

2.5.3.2.33 Core C6 (CC6) State

A core can gate off power to its internal logic when it enters any non-C0 state. This power gated state is known

as CC6. In order to enter CC6, hardware first enters CC I then checks

D18F4xl l8/D18F4xl lC[PwrGateEnCstAct]. Power gating reduces the amount of power consumed by the

core. VDD voltage is not reduced when a core is in CC6. The following sequence occurs when a core enters the
CC6 state:

1. If MSRCOO l_007l [CurPstate] < D l 8F3xA8[PopDownPstate], transition the core P-state to

D l 8F3xA8[PopDownPstate].
Internal core state is saved to L1 cache .2.

3. L1 cache is flushed to L2 cache. See 2.5.3.2.3J [C-state Probes and Cache Flushing].

4 Power is removed from the core and the core PLlJvoltage regulator is powered down as specified by

D18F5x128[CC6PerwnRegEn].
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DISF4xll|C=8| C-state Control

DI 8F4xl l[C:8] consist of three identical 16-bit registers. one for each C-state Action Field (CA F) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

- DI 8F4xl 18[15:0] specifies the actions attempted by the core when software reads from the 10 address

specified by MSRCOO l _0073[CstateAddr].

0 D] 8F4xl 18[3l :16] specifies the actions attempted by the core when software reads from the [0 address

specified by MSRC‘OO I_0073[CstateAddr]+l.

- D18F4xl 1C[1 5:0] specifies the actions attempted by the core when software reads fi'om the IO address

specified by MSRC‘OO I_OO73[CstateAddr]+2.

018F4x118 C-state Control 1

7:5 ClkDivisorCstActfl: clock divisor. Read-write. Reset: 0.

BIOS: 000b.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current FID frequency, or:

- 100 MHz “ (1011 + MSRC001_00[6B:64][Cquid]) of the current P-state specified by

M SRCOO l _0063 [CurPstate].

If MSRCOOI_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low-power state associated

with this register.

§i_t_s_ DescriptionBits Description
00% / l 1001: / l6

OOI b /2 lOlb / 128

0 IOb /4 “Oh /512

0] l b /8 l 1 1b Turn ofl'clocks.

See CacheFlushTmrSeletActO.
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The Accused Products include a second special mode in which clock supply to an entirety of said central

processing unit is halted, for example the package C1 (PCl) state. See e.g., 14h BKDG:

2.5.3.233 Package Cl (PCl) State

The processor enters the PC I state with auto-Pmin when all of the following are true:

- All cores are in the (‘Cl state or deeper.

[f D] 8F4xl AC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I. the P-state for

all cores is transitioned as specified by 2.5.3.2.7J [Auto-Pmin]. Regardless of the state of D18F4x lAC[CstP-

minEn], all core clocks are ramped to the frequency specified by D! 8F4xlA8[AIlHalthuDid].

Dl8F4x1A8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

AllHalthuDid. Readowrite. BIOS: th. Specifies the divisor used when entering PC 1 with or with-

out auto-Pmin. See 25.3.2.3.3 [Package Cl (PC 1) State].

fls Divisor

l Ch—OOh Reserved.

th I28

lEh 512

th Clocks off.

See D18F4xlA8[SingleHaltC‘puDid].

The Accused Products include a third special mode in which supply of power to the entirety of said central

processing unit is halted, for example the package CG (P06) state:
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2.5.3.2.3.4 Package C6 (PC6) State

When all cores enter a non-C0 state. VDD can be reduced to a non-operational voltage that does not retain core

state. This state is known as PC6 and reduces the amount of static and dynamic polwer consumed by all cores.

The following actions are taken by hardware prior to PC6 entry:

I. If MSRC001_007I[CurPstate] < DISF3xA8[PopDownPstate], transition the core P-state to

D l 8F3xA8[PopDownPstate].

2. For all cores not in CC6, internal core state is saved to L] cache .

3. For all cores not in CC6, LI cache is flushed to L2 cache. See 2.5.3.2.3.l [C-state Probes and Cache Flush-

ing].

4. VDD is transitioned to the VID specified by DI 8F5x128[PC6Vid].

5. If the core PLLs are not powered down during CC6 entry (see 2.5.3.233 [Core C6 (CC6) State]). then they

are powered down as specified by Dl8F5x128[PC6PerwnRegEn].

D]8F5x128 Clock Power/Timing Control 3

PC6Vid|6z0|z package C6 vid. Read-write. Cold reset: Product—specific. PC6Vid[7:0] = ‘PC6Vid[7].

PC6Vid[6:0]}. PC6Vid[7:O] specifies the VID driven in the PC6 state. See 2.5.3.2.3.4 [Package C6

(PC6) State] and 2.5.1.3.2 [Low Power Voltages].
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A system LSI as claimed in claim 1,

wherein said clock control library

comprises:

a plurality of libraries that control

said system control circuit and said

2.5.1.3.2 Low Power Voltages

In order to save power. voltages lower than those normally needed for operation may be applied to the VDD

power plane while the processor is in a C-state or S-state. The lower voltage is defined as follows:

0 PC6Vid: DlBFSx128[PC6V1d] specifies a voltage that does not retain the CPU caches or the core

microarchitectural state. PC6Vid does not allow execution and is only applied to the cores. See 2.5.3.2.3.4

[Package C6 (PC6) State].

2.5.1.4.] Hardware-Initiated Voltage Transitions

When software requests any of the following state changes. or hardware determines that any of the following

state changes are necessary. hardware coordinates the necessary voltage changes:

- VDD:

- Core P-state transition. See 2.5.3.1 [Core P-states].

' Package C-state transition. Dl 8F5x128fPC6Vid] specifies a voltage that does not retain the CPU caches

or the core microarchitectural state. PC6Vid does not allow execution and is only applied to the cores.

See 2.5.3.2.3.4 [Package C6 (PC6) State].

- S-state transition. See 2.5.8.1 [S-states].

The clock control libraries of the Accused Products contain a plurality of libraries that control the SMU and clock

 
generator to transition clock frequencies. For example, source code provided by AMD to coreboot indicates that P-state
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clock generation circuit to transition and C-state transitions are controlled by separate libraries:

the clock frequencies supplied to said

central processing unit; and https://gjthub.com/coreboot/coreboot/tree/master/src/vendorcode/amd/agesa/fl4/Proc/CPU/Feature

a main library which is called by said As discussed above, P-states and C-states may be controlled by software, which includes a main library that calls upon

application program and selects any the plurality of libraries.

one of said libraries in correspondence

with the clock frequency supplied to

said central processing unit.

a aaa aaaaaaa aaaaaa a—
wherein said main library is described The main library in the SMU firmware and the application program instructions stored in the caches are both use the

using a same program language as same language such as machine code.

said application program.

a LS. aaaa-aa aaaaa a—
wherein each of said libraries is The SMU firmware directly controls the SMU hardware.

described using a program language

capable of directly controlling said

clock generation circuit and said

system control circuit.

a asa amaaaaaa a.—
wherein each of said libraries is The SMU firmware directly controls the SMU hardware and is described using an assembler language such as machine

described using an assembler code.

Exhibit BS -24-

 
0127



0128

 

7p 7. A system 131 as claimed in claim 1,

wherein said system control circuit

comprises:

a frequency division ratio setting

register that sets a frequency division

ratio of the clock generated by said

clock generation circuit;

The NB of the Accused Products contains a frequency division ratio setting register that sets a frequency division ratio

of the clock generated by said clock generation circuit. The NB contains the configuration register space for the Accused
Products.

See BKDG:

See e.g., BKDG:

Northbridge (N B)

- Transaction routing

- Configuration and IO-space

registers

- Root complex

- Graphics core (optional)

 
BKDG, section 2.12:
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2.]2 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3. l 7 [CPU Memory Mapped Registers] for registers descriptions and details.

2.12.1 Microcontroller

The SMU contains a microcontroller with a l6k ROM and a l6k RAM.

Configuration space register mnemonics are defined in section 3.1 of the BKDG:

- DXFYxZZZ: PCl-defmed configuration space; X specifies the hexadecimal device number (this may be [or

2 digits), Y specifies the function number. and ZZZ specifies the hexidecimal byte address (this may be 2 or

3 digits; e.g., D18F3x40 specifies the register at device 18h. function 3, and address 40h). Sec 2.7 [Configu-

ration Space], for details about configuration space.

the core Cl (001) state:

2.5.3.2.3.2 Core Cl (CCl) State

When a core enters the CC 1 state. its clock ramps down to the frequency Specified by

D18F4xl 18fDl8F4xl lC[ClkDivisorCstAct].
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DlSF4xll|C=8| C-state Control

DI 8F4xl I[C:8] consist of three identical 16-bit registers, one for each C-state Action Field (CAF) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

- Dl 8F4x| 18[15:0] specifies the actions attempted by the core when software reads from the 10 address

specified by MSRCOO l _OO73[CstateAddr].

° DI 8F4xl ]8[31 :16] specifies the actions attempted by the core when software reads from the [0 address

specified by MSRC‘OO l_0073[CslateAddr]+l.

- DI 8F4xl 1C[1 5:0] specifies the actions attempted by the core when software reads fi'om the IO address

specified by MSRCOO I_OO73[CslateAddr]+2.

018F4x118 C-state Control 1

7:5 ClkDivisorCstActfl: clock divisor. Read-write. Reset: 0.

BIOS: 000b.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current FID frequency, or:

- 100 MHz ‘ (1011 + MSRC001_00[6B:64][Cquid]) of the current P-state specified by

M SRCOO l _0063 [CurPstate].

If MSRCOOI_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low-power state associated
ith this r istr

gigs DescriptionBits Description
OOOb / l [0013 / 16

OOI b /2 10] b / 128

0 10b /4 l IOb /512

See CacheFlushTmrSeletActO.
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a clock halting register that receives

the clock from said clock generation

circuit and individually sets the clock

to be halted or supplied;

' the core Cl (CCl) state:
2.5.3.232 Core C 1 (CC 1) State

When a core enters the CC1 state, its clock ramps down to the frequency specified by

D] 8F4x] l8/D18F4xl lC[ClkDivisorCstAet].

D18F4xll|C :8] C-state Control

Dl8F4xl |[C:8] consist of three identical 16-bit registers, one for each C-state Action Field (CAF) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

0 D] 8F4xl 18[15:0] specifies the actions attempted by the core when software reads from the [0 address

specified by MSRCOO I _0073[CstateAddr].

° DI8F4xl 18[31 :16] specifies the actions attempted by the core when software reads from the IO address

specified by MSRCOO l_0073[CstateAddr]+ 1.

0 D] 8F4xl lC[ l 5:0] specifies the actions attempted by the core when software reads from the IO address

specified by MSRCOO l _0073[CstateAddr]+2.

018F4x118 C-state Control 1
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And a status register that judges a

state of said central processing unit

immediately after being released from

said third special mode.

7:5 ClkDivisorCstActD: clock divisor. Read~write. Reset: 0.

BIOS: 000b.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current FID frequency, or:

- [00 MHz "‘ (th + MSRC001_00[6B:64][Cquid]) of the current P-state specified by

MSRCOOI _0063 [CurPstate].

If MSRCOO l_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low-power state associated

with this register.

% DescriptionBits Description
OOOb /I 1 00b I 16

OOlb I2 lOlb “28

OlOb /4 “Oh /512

0] 1b /8 l 1 lb Turn offclocks.

See CacheFlushTmrSeletActO.

The Accused Products contain a status register that judges a state of the CPU after waking from PC6. See 14h BKDG:
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2.5.3.2.7.2 Exiting PC6

If the PService timer is enabled when the processor exits PC6. all cores transition to the P-state specified by

Wit].The cores remain in this state until one of the following occurs:

- The PService timer expires while the package is in C0: In this case, the cores transition back to the last P-

state requested by software.

- The package enters PC 1 without auto-Pmin: In this case. the PService timer continues counting. If it

expires while in PC I . the cores remain in the P-state specified by DI8F4xIAC[PstateldCoreOflExit]

until they return to CO. at which time they transition to the last P-state requested by software.

- The package enters PC 1 with auto-Pmin: In this case. the PService timer stops counting and the cores
enter the PScrvice state.

- The package enters PC6: In this case the PService timer stops counting and the actions associated the

requested package C-state occur. See 2.5.3.2.3.4 [Package C6 (PC6') State].

If the PServicc timer is disabled when the processor exits PC6, the cores transition back to the last P-state

requested by software.

See also 14h BKDG pp.320-321:

DISF4xlAC CPU State Power Management Dynamic Control 1

18:16 PstateldCoreOfl‘Exit. Read-write. Reset: 0. BIOS: Sec 2.5.3.2.9. When exiting the package C6 state.

the core transitions to the P-statc specified by this register. See 2.5.3.172 [Exiting PC6]. If PC6 is

enabled (see 2.5.3.2.9 [BIOS Requirements for C-state InitializationD. PstateldCoreOffExit must be

programmed to the lowest-performance P-state displayed to the operating system or to any lower-per-

formance P-state. This P-state must have a core clock frequency of at least 400 MHz. Programming

this field to 0 causes the core to transition to the last P-state requested by software when exiting pack—

age C6. This field uses hardware P-state numbering. See 2.5.3.122 [Hardware P-state Numbering].
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F—
wherein said flrst memory and said As detailed above the first memory in the SMU and the second memory in the caches are independent memories that

second memory are two independent are separated from each other

memories which are separated from

each other.
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Exhibit BA: Preliminary Infringement Contention Claim Chart for US. Patent 6,895,519

Accused Products: AMD Family 17h Products

These preliminary infringement contentions were prepared without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

 

Limitation

A system LSI having a

plurality of ordinary

. operation modes and a

plurality of special modes in

response to clock frequencies

‘ supplied to a central

processing unit, comprising:

Contention

To the extent that the preamble is limiting, Aquila contends that it is met.

For example, each product in the 17h Accused Product Family (“Accused Product”) is a system LSI.

The Accused Product has a plurality of ordinary operation modes, for example the Core P-states. See e.g., AMD

Ryzen Master Overclocking Guide (“00 Guide”), p.11:

1. The frequency of processor core clock is determined by a combination of the software-

requested p-state and then adjusted by a combination of numerous power and performance

optimizing features to attain any of number of fine grain p-states around that software-requested p-
state.

See also 00 Guide, p.13:

3) CPU low power c-states (CCl, CC6, and PC6) and soflware visible p-states (P1 and P2)

remain operational and may be requested by software so that power savings can be
achieved.

. . . . . \
Documentatlon from other AMD products prov1de exemplary guidance on the AMD’s implementatlon of P-states and

C-states. See, e.g., BIOS and Kernel Developer’s Guide for AMD Family 16h Models OOh-OFh Processors (“16h

BKDG”), §2.5.3.1:
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2.5.3.1 Core P-states

Core P-states are operational performance states characterized by a unique combination of core frequency and

voltage. The processor supports up to 8 core P-states (P0 through P7). specified in MSRC001_00[68:64]. Out

of cold reset. the voltage and frequency of the compute units is specified by MSRCOO |_007 l [StartupPstate].

16h BKDG, Table 9:

Table 9: Software P-state Naming

D l 8F4x! SC[NumBoost- D l 8F4x l SC[NumBoost-

States]: I States]=3

P-state Name Corresponding P-state Name Corresponding
MSR Address MSR Address

MSRCOOI 0064 MSRCOO l_0064

MSRC001_0065 MSRCOOI_0065

MSRCOOI 0066

MSRCOOI 0067

P

P2 _

P3 MSRC00l_0068 MSRC00|_0068

P4 P MSRCOOI_0069

P5 P

b2

2

MSRCOOI 006A 3 MSRCOO l_006A

MSRC001_006B P4 MSRCOO l _006B

All sections and register definitions use software P-state numbering unless otherwise specified.

MSRCOO l _0066

MSRCOOl_0067

The Accused Product Family has a plurality of special modes, for example, the Core C-states or deep sleep modes

such as ACPI SB or connected standby SOi3. See 0C Guide, p.13:
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Limitation Contention

3) CPU low power c—states (CCI, C06, and PC6) and software visible p-states (PI and P2)

remain operational and may be requested by software so that power savings can be
achieved-

See also 00 guide, p.11:

4. Software requested p-state or halt states adjust the level ofpower to which those internal

control mechanisms manage. For example, when sofiware executes a HALT instruction on a

processor core, that core will enter the C l reduced-power state. If that core does not receive an

interrupt to resume execution, it will progress to increasingly-lower power states until finally

saving the state of the core and being powered off.

See also 16h BKDG, §§ 2.5.3.2, 2.5.3.2.1, 2.5:
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2.5.3.2 Core C-states

C-states are processor power states. C0 is the operational state in which instructions are executed. All other C-

states are low-power states in which instructions are not executed. When coming out of warm and cold reset,

the processor is transitioned to the C0 state.

2.5.3.2.] C-state Names and Numbers

C-states are often referred to by an alphanumeric naming convention. C l , C2. C3, etc. The mapping between

ACPI defined C~statcs and AMD specified C-states is not direct. AMD specified C-states are referred to as 10-

based C-states. Up to three lO-based C-states are supported, lO-based C-state 0, I. and 2. The l0-based C-state

index corresponds to the offset added to MSRCOOI _0073[CstateAddr] to initiate a C-state request. See

2.5.3.2.2 [C-state Request Interface]. The actions taken by the processor when entering a low-power C-state

are configured by software. See 2.5.3.2.3 [C-state Actions] for information about AMD specific actions.
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2.5 Power Management

The processor supports many power management features in a variety of systems. Table 8 provides a summary

of ACPI states and power management features and indicates whether they are supported.

Table 8: Power Management Support

—_—

GO/SOJCO: Hardware thermal control (HTC) Yes 2.l0.3.| [PROCHOT_L and Hardware
Thermal Control (ll’l‘Cll

GO/SO/Per—eore IO-bnsed Gstates 2.5.3.2 [Core Games] and 2.5.1.3.:

GO/SO/Cl: H8]! [Low Power Vollagcs]

Goxswcce: Per-cone Power gating 2.5.3.2 [Core Games]

60/50: CPC-L2 power gating 2.5.3.2 [Core C-states]

GOISO/PCO: 0V support ('VDD power plane). Yes 2.5.3.2 [Core C-stmes] and 2.5. l .32
[Low Power Voltages]

GOISO/Cx: Cache flushing support Yes 2.5.3.2.}.l [C-stalc Probes and Cache
Flushing]

“——

——
——
——
_-_
—“2.5.: IPmcessor Pow Planes And

““83“""0"

—-_
Number of voltage planes 2.5.l [Processor Power Planes And

Voltage Control]

APM: Application Power Management Yes 2.5.9 [Application Power Manage-
ment (APMH
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Limitation Contention

Furthermore, the Core P-states and Core C-states are in response to clock frequencies supplied to a central

processing unit. For example, the core P-states are “characterized” by “core frequency;” core P-state changes are

further requested by software. See OC Guide p.13:

a. The P1 and P2 p-state tables may also be modified to adjust the voltage and frequency of

the CPU when running in software-requested, reduced-performance states. These may also be
lefl at stock values-

See also OSRR for AMD Family 17h processors, Models 00h-2Fh, p.130:

MSRC001_006[4...B] [P—state [7:01] (Core::X86::Msr::PStateDel)

Read-write. Reset: xooo_oooo_xxxx_)ooorh.

Each of these registers specify the frequency and voltage associated with each of the core P-states.

The CpuVid field in these registers is required to be programmed to the same value in all cores ofa processor, but are

allowed to be different between processors in a multi-processor system. All other fields in these registers are required to

be programmed to the same value in each core of the coherent fabric.

See e.g., 16h BKDG, (5 2.5.3.1, 2.5.3.1.2:

2.5.3.1 Core P-states

Core P-states are operational performance states characterized by a unique combination of core frequency and

voltage. The processor supports up to 8 core P-states (P0 through P7). specified in MSRCOOI _00[6B:64]. Out

of cold reset. the voltage and frequency of the compute units is specified by MSRC001_007 l [StarlupPstate].
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Limitation Gogtouting.

Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRCOOl_00[6B:64][PstateEn]. At least one enabled P-state (P0) is specified for all processors.

Software requests core P-state changes for each core independently using the hardware P-state control

mechanism (a.k.a. tire and forget). Support for hardware P-state control is indicated by CPUID

Fn8000_0007_EDX[Histate]=l b. Sofiware may not request any P-state transitions using the hardware P-

state control mechanism until the P-state initialization requirements defined in 2.5.3.1.6 [BIOS Requirements

for Core P-state Initialization and Transitions] are complete.

The processor supports independently-controllable frequency planes for each compute unit and the NB: and

independently-controllable voltage planes. See 2.5.1 [Processor Power Planes And Voltage Control] for

voltage plane definitions.

The following terms may be applied to each of these planes:

- FID: frequency ID. Specifies the PLL frequency multiplier, relative to the reference clock. for a given
domain.

- DID: divisor ID. Specifies the post-I’LL power-of-two divisor that can be used to reduce the operating

frequency.

- COF: current operating fi'equency. Specifies the operating frequency as a function of the FID and DID. Refer
to CoreCOF for the CPU COF formula and NBCOF for the NB COF formula.

- VID: voltage ID. Specifies the voltage level for a given domain. Refer to 2.5.1.2.] [MinVid and MaxVid

Check] for encodings.

All FID and DID parameters for software P-states must be programmed to equivalent values for all cores and

NBS in the coherent fabric. See 2.5.3.1.l .I [Software P-state Numbering]. Refer to MSRCOOI_00[6B:64] and

D1 8F5x16[C:0] for further details on programming requirements.
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Limitation Contention

2.5.3.1.2 Core P-state Control

Core P-states are dynamically controlled by software and are exposed through ACPI objects (refer to

2.5.3. I .8.3 [ACPI Processor P-state Objects]). Software requests a core P-state change by writing a 3 bit index

corresponding to the desired P-state number to MSRC001_0062[PstateCmd] of the appropriate core. For

example. to request P3 for core 0 soflware would write 01 lb to core 0’s MSRC001_0062[PstateCmd].

Boosted P-statcs may not be directly requested by sofiware. Whenever software requests the PO state on a

processor that supports APM (i.e. writes 00% to MSRCOOI_OO62[PstateCmd]). hardware dynamically places

the core into the highest-perfonnance P-state possible as determined by APM. See 2.5.9 [Application Power

Management (APM)].

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3.1.5 [Core P-state Transition Behavior] with no additional sofiware interaction required. Hardware also

coordinates frequency and voltage changes when differing P-state requests are made on cores that share a

frequency or voltage plane. See 2.5.2 [Frequency and Voltage Domain Dependencies] for details about
hardware coordination.

Similarly, C-states are requested by software, for example when executing a HALT instruction, and also dependent

upon clock frequency (“reduced power” or “lower power” state). See DC Guide, p. 11:

4. Software requested p-state or halt states adjust the level ofpower to which those internal

control mechanisms manage. For example, when sofiware executes a HALT instruction on a

processor core, that core will enter the Cl reduced-power state. If that core does not receive an

interrupt to resume execution, it will progress to increasingly-lower power states until finally

saving the state of the core and being powered off.
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Limitation:

 

commuting.

See also 16h BKDG §§ 2.5.3.232, 2.5.3.233, 2.5.3.232; p.320-321:

2.5.3.132 Core Cl (CCI) State

When a core enters the CC] state. its clock ramps down to the frequency specified by

D18F4x l l8/D18F4xl l C[ClkDivisorCstAct].

2.5.3.233 Core C6 (CC6) State

A core can gate ot'fpower to its internal logic when it enters any non-C0 state. This power gated state is known

as CC6. In order to enter CC6. hardware first enters CC 1 then checks

D18F4xl 18/0 I 8F4xl lC[PwrGateEnCstAct]. Power gating reduces the amount of power consumed by the

core. VDD voltage is not reduced when a core is in CC6. The following sequence occurs when a core enters the
CC6 state:

I. If MSRCOOI_007I [CurPstate] < D18F3xA8[PopDownPstate], transition the core P-state to

D] 8F3xA8[PopDownPstate].
2. lntemal core state is saved to L1 cache .

3. L1 cache is flushed to L2 cache. See 2.5.3.2.3.l [C-state Probes and Cache Flushing].

Power is removed from the core and the core PLL/voltage regulator is powered down as specified by

D] 8F5xl 28[CC6PerwnRegEn].
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Limitation Commuting;

DISK-‘4“ llC:8| C-state Control

018F4xl I[C:8] consist of three identical 16-bit registers. one for each C-state Action Field (CAF) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

° 0 l 8F4xl 18[15:0] specifies the actions attempted by the core when sofiware reads from the [0 address

specified by MSRCOOI_0073[CstateAddr].

- DI 8F4xl 18[3 l :16] specifies the actions attempted by the core when software reads from the [0 address

specified by MSRCOO l_0073[CstateAddr]+l.

- DI 8F4xl lC[l 5:0] specifies the actions attempted by the core when soflware reads from the IO address

specified by MSRC‘OOl_0073[CstateAddr]+2.

D18F4x118 C-state Control 1

ClkDivisorCstAetO: clock divisor. Read-write. Reset: 0.

BIOS: OOOb.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current F[D frequency. or:

- 100 MHz " [10h + MSRCOOI _00[6B:64][Cquid]) of the current P-state specified by

MSRCOOI _0063 [CurPstate].

If MSRC00|_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low-power state associated

with this register.

% DescriptignBits Description
OOOb .4 [00b I I6

00] b /2 lOlb / l 28

OIOb I4 1 [0!) 51?.

0| lb 18 l 1 lb Turn ofi“ clocks.

See CacheFlushTmrSeletActO.
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a first memory that stores a

clock control library for

controlling a clock frequency
transition between said

ordinary operation modes;

Contention

The Accused Products include a first memory that stores a clock control library. For example, the SMU and/or

Scalable Control Fabric and Scalable Data Fabric contains memory that stores the firmware and configuration space

registers, including a clock control library. The clock control library controls clock frequency transition between the
P-states.

PPR for AMD Family 17h Models OOh-OFh, pp. 26-27:
° 16MB L3 total

- Scalable Data Fabric. This provides the data path that connects the compute complexes, the 1/0 interfaces,

and the memory interfaces to each other.

- Handles request, response, and data traffic

- Handles probe traffic to facilitate coherency, including a probe filter supporting up to 5 1208 per
DRAM channel

- Handles interrupt request routing (APIC)

0 PSP and SMU

° MPO (PSP) and MP1 (SMU) microcontrollers

0 This document refers to the AMD Secure Processor technology as Platform Security

Processor (PSP).

0 Thermal monitoring
0 Fuses

0 Clock control
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G‘ontenfioh:

Chip Architecture

IFIS/PCleeé IFOP IFOP

iii?“

IFOP lFlS/PCle/SATA

cmtmmufiJ—mm lt‘w'ufihwm

Source: Beck et al., “Zeppelin”: an SOC for Multi-chip Architectures, p. 5.
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l Limitation

  
Contention

Hierarchical Power Management

- ystem Vanagement lmt V I uses
IF Scalable Control Fabric SCF ulane

- SCF: single-lane lFlS SerDes link for

chip-to-chip or socket-to-socket

- SMU calculation hierarchy for voltage

level control, C-State Boost, thermal

management, electrical design current

management

— Local chip SMU fast loop

- Master chip SMU slower loop

 
cauluwmmcimu-mm :4 'Wm' amt-Mamm—

Source: Beck, p. 12.
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Limitation

X611DDR4
HIGH

BANDWIDTH

SOC FABRIC —o

8: MEMORY

SYSTEM

X64DORA

AMD “VEGA” GPU

Contention

Platform
Secumy

PIOCEssor

UPGRADED

DISPLAY ENGINE

Multimedia

Engines

Disuete

Sensor
Fusuon

Hub

Source: Bouvier et al., Delivering A New Level Of Visual Performance In An SOC, p.3

See e.g., 16h BKDG, 29:
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- Northbridge:

- One communication packet routing block referred to as the northbridgc (NB). The NB routes transac-

tions between the cores, the link, and the DRAM interfaces. It includes the configuration register space
for the device.

16h BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. The SMU contains a microcontroller to assist

with many of these tasks.

See also 16h BKDG, Table 10:
Table II): Software P-stnte Control

Dl8F4xl5ClNumBoostStatcs]=l DISF‘txl SCINumBoostStatesl=3

Requests/Status MSR Address Requests/Status MSR Address

“___-an

“___-n-_
“___—
——-:_ msacomw

m —m- MSRCOO._M
mat-0mm

P5 MSRCOOI _006A P3 . MSRCOOI _006A
 5

h lMSRCOOIflObB

 
1b a system control circuit The Accused Product has a system control circuit, for example, the System Management Unit and/or the System

which has a register, wherein Management Controller, that has a register. See PPR, p.27:
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Limitation Contention

said system control circuit ’ P5P and SMU
carries out the clock . MPO (PSP) and MP1 (SMU) microcontrollcrs

frequency transition between 0 This document refers to the AMD Secure Processor technology as Platform Security
said ordinary operation Processor (PSP).

modes and said special . Thermal monitoring
modes in response to a o Fuses
change of a value in said . Clock control
register, and also carries out '
th lock fr

t e c. - equency - See e.g., 16h BKDG:ranSItlon among said

ordinary operation modes in -

response to said clock control ° Northbridge: _ , . -
library; 0 One communication packet routing block referred to as the northbndge (NB). The NB routes transac-

tions between the cores, the link, and the DRAM interfaces. It includes the configuration register space
for the device.

16h BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the nonhbridge that is responsible for a variety of

system and power management tasks during boot and runtime. The SMU contains a microcontroller to assist

with many of these tasks.

See also BKDG for 14h Family OOh-OFh Processors, section 2.12:
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lc

Limitation

a clock generation circuit

that receives a plurality of

standard clocks, wherein said

clock generation circuit

generates a clock supplied to

said central processing unit

according to control by said

system control circuit; and

Contention

2.]2 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the nonhbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3. l 7 [GPU Memory Mapped Registers] for registers descriptions and details.

2.12.] Microcontroller

The SMU contains a microcontroller with a l6k ROM and a 16k RAM.

The NB/SMU controls the clock frequency transitions between the core P-states. See e.g., SATHE

et al.: RESONANT-CLOCK DESIGN FOR A POWER-EFFICIENT, HIGH-VOLUME X86-64 MICROPROCESSOR,

p.144

tion of the configuration programming interface. 0n receiving

notification from the NB of a PState transition, the core im-

plements a PState entry sequence which transitions the core

into a clock-gated state. A program sequencer then accesses a

The Accused Products include a digital frequency synthesizer clock generation circuit, including the core PLL, clock

multipliers and dividers, and/or the digital frequency synthesizer. The DFS receives a plurality of standard clocks,

for example, different phases of the PLL clock or reference clock, and outputs the core clock such as CCLK to the
CPU. 
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Limitation Contentiog

PLL 9
DroopDetected y;

Fig. 15. Coarse grain (CG) and fine grain (FG) clock stretch.

Source: Singh et al.: Energy-Efficient High-Performance x86 Core, Fig. 15:

See also PPR at p.138-l39:

MSRC001_0064 [P—state I7:0|] (PStateDel)

Read-write. Reset: X000 0000 XXXX XXXXh.

Each of these registers specify the frequency and voltage associated with each of the core P—states.

The CpuVid field in these registers is required to be programmed to the same value in all cores of a processor, but

are allowed to be different between processors in a multi-processor system. All other fields in these registers are

required to be programmed to the same value in each core of the coherent fabric.

See 2.1.3 [CPU Power Management].
Core::XBfi:zMsr::PSwleDef lthree[l:0] core[3:0] thread[l:0] "[720]; MSRCOOI 006[B:4]

Exhibit B4
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Limitation Contention

13:8 (Tpqusld: core divisor ID. Read—write. Reset: XXXXXXb. Specifies the core frequency divisor: see

C'quid. For values [lAhzOSh]. ls’Rth integer divide steps supported down to -5325 (Note. [Cm-"[2
fifo logic related to 4—cyele data heads-up requires core to be l«"3 of L3 frequency or higher). For values

[30h:l('h]. li-ith integer divide steps supported down to \"C‘On’o ([)lD[0] should zero if DIDl5201i>l Ah).

(Note. core and L3 frequencies below 400MHz are not supported by the architecture). Core supports

DID up to 30h. but L3 must be 2C1] (VCOx‘Sfi) or less.

    

  

The digital frequency synthesizer receives multiple phases of the PLL clock (see above), and generates multiple discrete
freuencies accordin to control b the SMU.

  
A Digital frequency synthesizer (DFS) that

generates multiple discrete frequencies

from a single VCO

— Root clock gating

— Disabling VCO and bypassing with low speed

fixed clocks
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FS
System D DFS DFS DFS

management

Control

Interface

>130];18pmag xnolaiaponug 130Dmpnv 31ml)AeldSIa
Clock Mesh with tile

level clock gaters

 
Source: Krishnan et al., “Energy Efficient Graphics and Multimedia in 28nm Carrizo APU,” p.14
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Limitation Contention

Droop

Detector 
Source: Integrated Power Conversion Strategies Across Laptop, Server, and Graphics Products, 2016' Power SOC Conference, p.4

See also, e.g., Singh et al., Jaguar: A Next-Generation Low-Power X86-64 Core, pp. 25-26:
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Limitation Contention

1‘: Jaguar: A Non-60W!” Low-Pow 186-64 Con

CU Level Clock Distribution

  
Exhibit BA -22-
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I I Limitation 

  
 

Contention

DFS Design

CK_CCLKI|I|I|I|

ENA I I I I I

ENB I I I I I

LZCLK I I I I

0 Clock dividing for various operating modes

- Duty cycle adjuster for independent control of duty cycle
within each block

See also:
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Source: Foley et al., A Low-Power Integrated x86-64 And Graphics Processor For Mobile Computing Devices, Fig. 1.,

11; p.224-225.

See also e.g.,

 
Exhibit BA -25-

0159



0160

 

Limitation

a second memory that stores

an application program,

wherein calling of said clock

control library and changing

of said register value are

programmably controlled by

said application program to
enable user selectable clock

frequency transitions,

Contention .
 

D. Glitch Lc'xs (‘Iudt Phase Pil"t"'

The glitch-less clock picker (Fig. 6| takes the 40 phases

(40 total phases generated from the 20 DLL delay elements)

and generates a stretched clock (configurable stretch amount) °'°°”““‘"‘°° Stream

by selecting difi'erem phases of the clock. The clock picker smsrcn Amoumm' “mm”
always performs a complete loop through all the phases before '

selecting the 0‘“ plmse (pll_c|k) to avmd any contraction
of the clock period. When the clock stretcher block is dis-

abled (S'l‘llE'l‘CH .l'JhABIJ'J — ll). the clock picker simply

picks the pllflclk without any insertion delay of the clock

stretcher logic. ‘
Source: WILCOX et al.: STEAMROLLER MODULE AND ADAPTIVE CLOCKING SYSTEM IN 28 nm CMOS, Fig. 6

The Accused Products include a second memory, such as the hierarchy of L1, L2 caches that stores an application

program, including but not limited to ACPI drivers, power management utilities, APIs provided by AMI), or any

software that causes the SMU/SMC firmware to perform P-state transitions. 
Exhibit BA
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LimitatiOn Contention

“Zen” Cache hierarchy

Fast private L2 cache, 323 CORE 0

12 cycles fetch 64K
I-Cache

Fast shared L3 cache, 4-way 323/
2'168 (We

35 cycles mad 32K
L3 filled from L2 victims D-Cache

1‘168 8-way 328/
of all four cores We cycle

L2 tags duplicated in L3 for

probe filtering and fast cache transfer

Multiple smart prefetchers

50 outstanding misses from L2 to L3 per core

96 outstanding misses from L3 to memory
Source: Beck, p.7
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Contention

"SUMMIT RIDGE” AMDEI
DATA FLOW

Unllled

Memory lBB/C‘ycle
Controller

DRAM

Channel
‘ 64K 328 c‘cle

3255 term l-Cache 328/cvcle / {
4-way 512K L2

323/CVC‘9 3M ‘3 328/cycleH0 Cache

2’168 load 32K 328/cycle 8-way no Cache
D-Cache 1&an

l'lSB store 8-way

3ZB/Cycle IO Hub
Controller

@lclk

Source: Mitchell et al., GDCI8 AMD RyzenTM CPU Optimization, p.10.

The frequency changes are programmable to enable user-selectable frequency transitions. See e.g., AMD Ryzen

Master Overclocking Guide (“DC Guide”), p.11:

1. The freguencx of processor core clock is determined by a combination of the software—

reguested D-§13I§ and then adjusted by a combination of numerous power and performance

optimizing features to attain any of number of fine grain p-states around that software-requested p-

state.

See also 00 Guide, p.13:
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Limitation Contention

3) CPU low power c—states (CCl, CC6, and PC6) and software visible p-states (PI and P2)

remain operational and may be requested by software so that power savings can be
achieved.

See also 00 guide, p.11:

4. Software requested p-state or halt states adjust the level ofpower to which those internal

control mechanisms manage. For example, when sofiware executes a HALT instruction on a

processor core: that core will enter the Cl reduced-power state. If that core does not receive an
interrupt to resume execution, it will progress to increasingly-lower power states until finally

saving the state of the core and being powered off.

See also, e.g., 16h BKDG section 2.5.3.1.2; p. 548:
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2.5.3.1.2 Core P-state Control

Core P-states are dynamically controlled by software and are exposed through ACPI objects (refer to

2.5.3.133 [ACPI Processor lkstate Obl’ects |). Software rguests a core P—state change by writing a 3 bit index
corresponding to the desired P-state number to MSRC001_0062[PstateCmd] of the appropriate core. For

example. to request F3 for core 5 50% would write Ul IE to core U's MSRCUULUUBZIPstatE ma I

Boosted P-states may not be directly requested by software. Whenever software requests the PO state on a

processor that supports APM (i.e. writes 00% to MSRC001_0062[PstateCmd]), hardware dynamically places

the core into the highest-performance P-state possible as determined by APM. See 2.5.9 [Application Power

Management (APMH.

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3. I .5 [Core P-state Transition Behavior] with no additional soflware interaction required. Hardware also

coordinates frequency and voltage changes when dilfering P-state requth are made on cores that share a

frequency or voltage plane. See 2.5.2 [Frequency and Voltage Domain Dependencies] for details about
hardware coordination.
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Limitation Contention

MSRCODIJIMZ P-state Control

_

PstateCmd: P-state change command. Read-write; Not-same-for-all. Cold reset value varies by

product; after a warm reset. value initializes to thc P-statc the core was in prior to the reset. Writes to

this field cause the core to change to the indicated non-boosted P~state number. specified by
MSRCWI_.(K)[6B:64J. 0=PO. l=PL etc. P-state limits are applied to any P-slate requests made

through this register. Reads from this field retum the last written value, regardless of whether any lim-

its are applied. This field uses software P-state numbering. See 2.5.3 [CPU Power Management] and

2.5.3. | . l .1 [Software P-stalc Numbering].

 

wherein said special modes The Accused Products include a first special mode in which clock supply to principal constituents of said central

comprise a first special mode processing unit is halted, for example the core Cl (CC 1) state:

in which clock supply to

principal constituents of said See OC guide, p.11:

central ”00655ng “n.“ is 4. Software requested p-state or halt states adjust the level of power to which those internal
halted, a second special mode

in which clock supply to an control mechanisms manage. For example, when software executes a HALT instruction on a
entirety of said central processor core, that core will enter the Cl reduced-power state. If that core does not receive an

Processing unit is halted. and interrupt to resume execution, it will progress to increasingly-lower power states until finally

a third SPeCial m°de in WhiCh saving the state of the core and being powered off.
supply of power to the

entirety of said central

processing unit is halted. See httpsz/lwww.reddit.com/r/Amdlcomrnents/6w793f/how to reduce idle clock speed on a manually/degfkv/
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Limit_a~Han contention

The Ryzen Balanced plan tells Windows to keep a core in 90 for the fastest possible ramp time to max clock. “Keep this

core in p0“ is only true when the core is actively being used. When the core is not being used, our microcode will put the

core into core~c1 (ccl) through core-c6 (cc6) sleep states. The cores are so dormant in the CC sleep states that their true

clockspeed cannot be probed, though the core‘s current VID can be.

Zen cores can enter into and out of the CC sleep states up to 1000 times a second, and will spend the majority of

their time in a CC sleep state when not under active load. The effective frequency for a core in this condition is

sub-iGHz and sub-1V. Unfortunately there isn't really a tool that can capture this, because the act of probing the core's

sleep condition is sufficient load to wake the core and ruin the power savings of the CC state.
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Limitation Contention

Active States, Active States, Deep

Clock Gated Sleep States, Clock

Region Power Gating States Gated States
by LDO PG Headers

Latencies 100us or less ”'99! CC5 Meet GFx Idle
Entry Timer ' Entry Timer

Multiple LDO Regions All Cores in
Gated cce and

Meet
CPUOFF

Envy Timer

Meet GFXOFF

Entry Timer

Latencies 1.5ms or less

DeeperLowPowerStates FasterEntry/ExltLatencies

I
i
i
i
i
i
i
I
i
I
I
l
i
I
I
I
l
l
l
l
l
l
1
I
l
l
i
i
l

V Enter it
simultaneous

Input VDD cpuorréfi
Rail Off erorr

 
Source: Anderson, AMD RyzenTM Processor With Radeon Vega Graphics, p. 41

See also, e.g., 16h BKDG:
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Limitation content—m' ' "_

2.5.3.2.3.2 Core Cl (CC1) State

When a core enters the CC 1 state, its clock ramps down to the frequency specified by

D] 8F4xl 18/Dl 8F4xl l C[ClkDivisorCstAct].

2.5.3.232 Core Cl (CC I) State

When a core enters the CC I state, its clock ramps down to the frequency specified by

D18F4xl lS/Dl 8F4x I lClClkDivisorCstAct].

2.5.3.2.33 Core C6 (CC6) State

A core can gate ofi‘ power to its internal logic when it enters any non-C0 state. This power gated state is known

as CC6. In order to enter CC6, hardware first enters CC I then checks

D18F4xl l8/D18F4xl lC[PwrGateEnCstAct]. Power gating reduces the amount of power consumed by the

core. VDD voltage is not reduced when a core is in CC6. The following sequence occurs when a core enters the
CC6 state:

I. If MSRCOOI_007|[CurPstate] < Dl8F3xA8[PopDownPstate], transition the core P-slate to

D1 8F3xA8[PopDownPstate].
2. Internal core state is saved to Ll cache .

3. L1 cache is flushed to L2 cache. See 2.5.3.2.3.l [C-state Probes and Cache Flushing].

Power is removed from the core and the core PLL/voltage regulator is powered down as specified by

D18F5x128[CC()PerwnRegEn].

Exhibit BA

0168

 
-34-



0169

 

Limitation

‘I

Cogtmhog:

DISF4xl llC:8| C-state Control

01 8F4xl I[C:8] consist of three identical 16-bit registers. one for each C-state Action Field (CAF) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

° 0 l 8F4xl 18[15z0] specifies the actions attempted by the core when sofiware reads from the [0 address

specified by MSRCOOI_0073[CstateAddr].

- Dl 8F4xl 18[3 l :16] specifies the actions attempted by the core when software reads from the [0 address

specified by MSRCOO l_0073[CstateAddr]+l.

- DI 8F4xl lC[l 5:0] specifies the actions attempted by the core when soflware reads from the IO address

specified by MSRC‘OOl_0073[CstateAddr]+2.

D18F4xl18 C-state Control 1

ClkDivisorCstActO: clock divisor. Read-write. Reset: 0.

BIOS: OOOb.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current F[D frequency. or:

- 100 MHz "‘ [10h + MSRCOOl _00[6B:64][Cquid]) of the current P-state specified by

MSRCOOI _0063 [CurPstate].

ll' MSRCOOI‘00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field, then no frequency change is made when entering the low-power state associated

with this register.

% DescriptiQnBits Description
OOOb ./ l l00b I I6

00] b /2 l01b / l 28

01% /4 1 [Oh /512

OI lb 18 l l lb Turn off clocks.

See CacheFlushTmrSeletActO.
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Limitation Contention _

The Accused Products include a second special mode in which clock supply to an entirety of said central processing

unit is halted, for example the package Cl (PC 1) state.

See e.g., 14h BKDG:

2.5.3.133 Package C 1 ('PCI) State

The processor enters the PCI state with auto-Pmin when all of the following are true:

- All cores are in the CC I state or deeper.

If D] 8F4x l AC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I . the P-state for

all cores is transitioned as specified by 2.5.3.2.7.l [Auto-Pmin]. Regardless of the state of D] 8F4xlAC[CstP-

minEn], all core clocks are ramped to the frequency specified by D] 8F4x I A8[AllHalthuDid].

D18F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

AllHalthuDid. Read-write. BIOS: th. Specifies the divisor used when entering PC] with or with-

out auto-Pmin. See 2.5.3.2.3.3 [Package C 1 (PC 1) State].

B_its .1?in

l Ch-OOh Reserved.

th 128

lEh 512

th Clocks ofl'.

See D l 8F4x l A8[SingleHalthuDid].
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Limitation Contention

The Accused Products include a third special mode in which supply of power to the entirety of said central processing

unit is halted, for example the package C6 (P06) state:

See also 00 Guide, p.13:

3) CPU low power c-states (CCl, CC6, and PC6) and software visible p—states (P1 and P2)

remain operational and may be requested by software so that power savings can be
achieved.

Amve States, Active States. Deep
Clock Gated Sleep States, Clock

Region Powev Gmmg Slate: Gated States

by LDO PG Headers I I
Graomm

Latenmes 100a; 01 less "‘9‘" 15° Power M?“ G” ‘3‘!Envy Tlmer _ inn Tuna
(:JY‘ng

T
i

Multiple LDO Regnms “an; m
Gated EEG a";MEG!

CDUCF‘
lntw ' mm

Ute-1 (H I j! r
m“, Timer

V‘
e‘..a:u

‘0'.e
,o:>.—
,o
‘0.
‘3o

e
‘mC.
‘61(II

D
FasterEntrv/ExutLatenCIes

Latencxes 1 5115 0( less

Erie! ll
s-rr U'HF(O\H

Input VL‘D CFUOFFi
Rat! off an on 

Source: Anderson, AMD RyzenTM Processor With Radeon Vega Graphics, p. 41
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See also, e.g., 16h BKDG:

2.5.3.2.3.4 Package C6 (PC6) State

When all cores enter a non-C0 state. VDD can be reduced to a non-operational voltage that does not retain core

state. This state is known as PC6 and reduces the amount of static and dynamic polwer consumed by all cores.

The following actions are taken by hardware prior to PC6 entry:

I. If MSRC001_007I[CurPstate] < 01 8F3xA8[PopDownPstate], transition the core P-state to

D l 8F3xA8[PopDownPstate].

2. For all cores not in CC6, internal core state is saved to L1 cache .

3. For all cores not in CC6, Ll cache is flushed to L2 cache. See 2.5.3.2.3.l [C-statc Probes and Cache Flush-

ing].

4. VDD is transitioned to the VID specified by D]8F5xl28[PC6Vid].

S. If the core PLLs are not powered down during CC6 entry (sec 2.5.3.2.3.3 [Core C6 (CC6) State]). then they

are powered down as specified by D! 8F5x128lPC6PerwnRegEn].

DIfiFleZS Clock Power/Timing Control 3

PC6Vidl6:0|: package C6 vid. Read-write. Cold reset: Product-specific. PC6Vid[7:0] = -: PC6Vid[7],

PC6Vid[6:0] }. PC6Vid[7:O] specifies the VID driven in the PC6 state. See 2.5.3.2.3.4 [Package C6

( PC6) State] and 2.5. l .3.2 [Low Power Voltages].
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Limitation

A system LSI as claimed in

claim 1, wherein said clock

control library comprises:

aa plurality of libraries that The clock control libraries of the Accused Products contain a plurality of libraries that control the SMU and clock

Exhibit B.4

 

Gofim' ' "_

2.5.1.3.2 Low Power Voltages

In order to save power. voltages lower than those normally needed for operation may be applied to the VDD

power plane while the processor is in a C-state or S-state. The lower voltage is defined as follows:

- PC6Vid: D18F5x128[PC6Vid] specifies a voltage that does not retain the CPU caches or the core

microarchitectural state. PC6Vid does not allow execution and is only applied to the cores. See 2.5.3.2.3.4

[Package C6 (PC6) State].

2.5.1.4.] Hardware-Initiated Voltage Transitions

When software requests any of the following state changes, or hardware determines that any of the following

state changes are necessary. hardware coordinates the necessary voltage changes:

- VDD:

- Core P-state transition. See 2.5.3.1 [Core P-states].

- Package C-state transition. D18F5x128[PC6Vid] specifies a voltage that does not retain the CPU caches

or the core microarchitectural state. PC6Vid does not allow execution and is only applied to the cores.

See 2.5.3.2.3.4 [Package C6 (PC6) State].

- S-state transition. See 2.5.8.1 [S-states].
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Limitation Cuntention

control said system control generator to transition clock frequencies. For example, source code provided by AMD to coreboot indicates that P-

circuit and said clock state and C-state transitions are controlled by separate libraries:

generation circuit to

transition the clock httpsz/lgithub.com/coreboot/coreboot/tree/master/src/vendorcode/amd/agesa/fl4/Proc/CPU/Feature

frequencies supplied to said

central processing unit; and

a main library which is As discussed above, P-states and C-states may be controlled by software, which includes a main library that calls

called by said application upon the plurality of libraries.

program and selects any one
of said libraries in

correspondence with the

clock frequency supplied to

said central processing unit.

3p A system LSI as claimed in

claim 2,

wherein said main library is The main library in the SMU firmware and the application program instructions stored in the caches are both use

described using a same the same language such as machine code.

program language as said

application program.

3a

5p A system LSI as claimed in
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wherein each of said libraries The SMU firmware directly controls the SMU hardware.

is described using a program

language capable of directly

controlling said clock

generation circuit and said

system control circuit.

A system LSI as claimed in

claim 5,

wherein each of said libraries The SMU firmware directly controls the SMU hardware and is described using an assembler language such as

is described using an machine code.

assembler language.

7. A system LSI as claimed in

claim 1, wherein said system

control circuit comprises:

a frequency division ratio The system control circuit of the Accused Products as described above contains a frequency division ratio setting

setting register that sets a register that sets a frequency division ratio of the clock generated by said clock generation circuit.

frequency division ratio of

the clock generated by said See e.g., 16h BKDG:

clock generation circuit;
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Northbridge (N B)

- Transaction routing

- Configuration and lO-space

registers

- Root complex

- Graphics core (optional)

BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbn'dge that is responsible for a variety of

system and power management tasks during boot and mntime. Several internal registers are used to control

various tasks. See 3.!7 [GPU Memory Mapped Registers] for registers descriptions and details.

2.12.] Microcontroller

The SMU contains a microcontroller with a |6k ROM and a 16k RAM.

Configuration space register mnemonics are defined in section 3.1 of the BKDG:

- DXFYXZZZ: PCl-defmed configuration space; X specifies the hexadecimal device number (this may be [or

2 digits), Y specifies the function number, and ZZZ specifies the hexidecimal byte address (this may be 2 or

3 digits; e.g.. D18F3x40 specifies the register at device 18h. function 3. and address 40h). See 2.7 [Configu-

ration Space], for details about configuration space.

the core Cl (001) state:
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Limitation

2.5.3.2.3.2 Core C1 (CCl) State

When a core enters the CC I state, its clock ramps down to the frequency specified by

D18F4xI I 8/DI 8F4xl IC[CIkDivisorCstAct].

Dl8F4xl I |C:8| C-state Control

DI 8F4xl I[C:8] consist of three identical l6-bit registers. one for each C-state Action Field (CAF ) associated

with an [0 address that is read to enter C-states. Refer to 2.5.3.2 [Core C-states].

- DI 8F4xl 18[15:0] specifies the actions attempted by the core when sofiware reads from the IQ address

specified by MSRCOO I _0073[CstateAddr].

- DI 8F4xl [SB 1 : I 6] specifies the actions attempted by the core when software reads from the IO address

specified by MSRCOO I_0073[CstateAddr]+l.

- DI 8F4xl 1C[ I 5:0] specifies the actions attempted by the core when software reads from the IO address

specified by MSRCOO I _0073[CstateAddr]+2.

D18F4xlls C-state Control I
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a clock halting register that
receives the clock from said

clock generation circuit and

individually sets the clock to

be halted or supplied;

7:5 ClkDivisorCstActo: clock divisor. Read-write. Reset: 0.

BIOS: 000b.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current FlD frequency, or:

- 100 MHz "‘ (10h + MSRC001_00[6B:64][Cquid]) of the current P-statc specified by

MSRCOOI _0063 [CurPstate].

If MSRC00l_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field. then no frequency change is made when entering the lovaower state associated

DescriptionBits Description
/ l i 00b / I 6

/2 10“) /i28

/4 ”Oh /512

See CacheFlushTmrSeletActO.

the core Cl (CC 1) state:
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Limitation

2.5.3.2.3.2 Core C1 (CCl) State

When a core enters the CC 1 state, its clock ramps down to the frequency specified by

D18F4xl 18/D18F4xl IC[ClkDivisorCstAct].

DI8F4xll|Cz8| C-state Control

DI 8F4xl l[C:8] consist of three identical l6-bit registers. one for each C-state Action Field (CAF) associated

with an ID address that is read to enter C-states. Refer to 25.3.2 [Core C-states].

- DI8F4xl l8[15:0] specifies the actions attempted by the core when soflware reads from the IO address

specified by MSRCOO I _0073[CstateAddr].

- D l 8F4x| 18[3 l :16] specifies the actions attempted by the core when software reads fi'om the IQ address

specified by MSRCOO I_0073[CstateAddr]+l .

' DI 8F4xl IC[l5:0] specifies the actions attempted by the core when software reads from the IO address

specified by MSRCOO I _0073[CstateAddr]+2.

018F4xll8 C-state Control 1
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Limitation (3g"farting:

7:5 ClkDivisorCstActo: clock divisor. Read-write. Reset: 0.

BIOS: OOOb.

Specifies the core clock frequency while in the low-power state before the caches are flushed. This

divisor is relative to the current FID frequency, or:

- 100 MHz " (10h + MSRCOOl_00[6B:64][Cquid]) of the current P-statc specified by

MSRCOOl _0063 [CurPstate].

If MSRC001_00[6B:64][CpuDid] of the current P-state indicates a divisor that is deeper than speci-

fied by this field. then no frequency change is made when entering the low-power state associated

with this register.

flit_s DescriptionBits Description
00% / l 10% / l 6

001 b /2 l01b / l 28

MO!) /4 ”(lb /512

0| lb /8 I l I b Turn off clocks.

See CacheFlushTmrSeletActO.

And a status register that The Accused Products contain a status register that judges a state of the CPU after waking from P06. See 14h

judges a state of said central BKDG:

processing unit immediately

after being released from

said third special mode.
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.mfll Contention:

2.5.3.2.7.2 Exiting PC6

if the PService timer is enabled when the processor exits PC6, all cores transition to the P~state specified by

W.The cores remain in this state until one of the following occurs:

0 The PService timer expires while the package is in C0: In this case. the cores transition back to the last P-

state requested by software.

0 The package enters PC 1 without auto-Pmin: in this case. the PService timer continues counting. if it

expires while in PC 1 . the cores remain in the P-state specified by D18F4xlAC[PstateIdCoreOfiExit]

until they return to C0. at which time they transition to the last P-state requested by software.

- The package enters PC] with auto-Pmin: In this case. the PService timer stops counting and the cores
enter the PService state.

- The package enters PC6: in this case the PService timer stops counting and the actions associated the

requested package Costatc occur. See 2.5;3.2.3.4 [Package C6 (PC6) State].

If the PService timer is disabled when the processor exits PC6, the cores transition back to the last P-state

requested by software.

See also 14h BKDG pp.320-321:

DiBF4xiAC CPU State Power Management Dynamic Control 1

PstateidCoreOfi'Exit. Readowrite. Reset: 0. BIOS: See 2.5.3.2.9. When exiting the package C6 state.

the core transitions to the P-state specified by this register. See 2.5.3.212 [Exiting PC6]. lf PC6 is

enabled (see 2.5.3.2.9 [BIOS Requirements for C-state InitializationD. PstateidCoreOt‘fExit must be

programmed to the lowest-performance P-state displayed to the operating system or to any lower-per-

formance P-state. This P-state must have a core clock frequency of at least 400 MHz. Programming

this field to 0 causes the core to transition to the last P-state requested by sofiware when exiting pack-

age C6. This iield uses hardware P-state numbering. See 2.5.3.122 [Hardware P-state Numbering].

Exhibit B4

0181

 
-47-



0182

 
 

(Baum‘ ‘ oft:

-——
10p A system LSI as claimed in

claim 1,

10a wherein said first memory As detailed above, the first memory in the SMU and the second memory in the caches are independent memories that

and said second memory are are separated from each other.  two independent memories

which are separated from
each other.
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Exhibit B.5: Preliminary Infringement Claim Chart for US. Patent 6,895,519

Accused Products: AMD Family 12h Products

These preliminary infringement contentions were prepared Without the benefit of the Court’s claim construction or the parties’ exchange of constructions.

As of the date of these contentions, AMD has not produced any information concerning the Accused Products. Thus, this chart is based on publicly available

evidence, and based upon information and reasonable belief in light of such evidence. As such, Aquila reserves the right to amend or supplement its

contentions to address any issues arising from the Court’s constructions or to account for new information that becomes available.

Limitation Contention

3 A system LSI having a To the extent that the preamble is limiting, Aquila contends that it is met.

plurality of ordinary

. operation modes and a For example, each product in the 12h Accused Product Family (“Accused Product”) is a system LSI.
plurality of special modes _ . . ,
in response to clock The Accused Product has a plurahty of ordinary operation modes, for example the Core P-states. See BIOS and Kernel Developer 5

‘ fr . . Guide for AMD Family 12h Models OOh-OFh Processors (“BKDG”), §2.5.3.1:equenCIes supphed to a

central processing unit,

1 comprising:
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2.5.3.1 Core P—states

Core P-states are operational performance states characterized by a unique combination ofcore frequency and

voltage. The processor supports up to 8 core P-states. specified in MSRC001_00[6B:64]. Out of reset, the volt-

age and fi'equency of the cores is specified by MSRC001_0071[StamtpPstate].

Support for dynamic core P-state changes is indicated by more than one enabled selection in

MSRC001_00[6B:64][PstateEn]. All F11) and DID parameteis for equivalent P-states must be programmed to

equivalent values for all cores. For examples, P0 on coreO must have the same FID and DID values as P0 on

coral, Pl on coreO must have the same FID and DID values as PI on oorel, and so on. Refer to

MSRC001_00[6B:64] for further details on programming requirements. The COF for core P-states is a func-

tion of the FID and the DID. See MSRC001_00[GB:64][Cquid, CpuDid] for more details.

Sofiware requests core P-state changes for each core independently using the hardware P-state control mecha-

nism (a.k.a. fire and forget). Support for hardware P-state control is indicated by CPUID

Fn8000_0007_EDX[Histate]=lb. P-state transitions using the hardware P-state control mechanism are not

allowed until the P-state initialization requirements defined in 2.5.3. I .7 [BIOS Requirements for Core P-State

Initialization and Transitions] are complete.

BKDG at p.47:
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Table 5: Software P-state numbering example

Iii-".112-
“um-
n—__
-—_-3-
mm
mm
mm
“um-

All sections and register definitions use software P~state numbering unless otherwise specified.

The Accused Product Family has a plurality of special modes, for example, the Core C-states or deep sleep modes such as ACPI S3

or connected standby SOi3. See BKDG, §§ 2.5.3.2, 2.5.3.2.1, 2.5:
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2.5.3.2 C-states

C-states are processor power states. C0 is the operational state in which instructions are executed. All other C-

states are low-power states in which instructions are not executed.

2.5.3.2.1 C-state Names and Numbers

C-states are often referred to by an alphanumeric naming convention, C 1, C2, C3, etc. The mpping between

ACPI defined C-states and AMD specified C-state actions is not direct. The actions taken by the processor

when entering a low-power C-state are specified by D18F4xl l8 and D18F4xl 1C and are configured by soft-

ware. See 2.5.3.2.3 [C-state Actions] for information about AMD specific actions.
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2.5 Power Management

The processor supports many power management features in a variety ofsystems. Table 4 provides a summary

ofACPI states and power management features and indicates whether they are supported.

Table 4: Power management support

ACPI/Pewer Management State

GO:80100: Working

GO/SOIOO: Core P-m mittens —:—2. 5.3 1 [Core P-states]
60/50/00. NB P-nate transom — 2.5.4.2 [NB Clock Ramping]
GO/SO/CO: Hardware Ihermal control (HTC) Yes 2.10.3.1 [PROCHOT_L and Hard-

ware Thermal Control (HTC)]

corso/cmsommmusm __
eoxsoxoommmmmusmcwuea ——
(SO/SO: Low power C-mtes Yes 2.5.3.2 [C-states] and 2.5.1.4.2 [Alter-

nate Low Power Voltages]

evslzwsmwmonsmm _—
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Table 4: Power management support

ACPI/Power Management State Supponed

61583; Stand By (Suspend to RAM) Y 2.5.7.1.] [ACPI Suspend'to RAM

Sm: (53)]

CS

2.5.1mmvmmmsm

“Wm“

Furthermore, the Core P-states and Core C-states are in response to clock frequencies supplied to a central processing unit. For

example, the core P-states are “characterized” by “core frequency;” core P-state changes are further requested by software. See e.g.,

BKDG, § 2.5.3.1, 2.5.3.1.3.

Similarly, C-states are “dynamically requested by software” and also dependent upon clock frequency. See BKDG §§ 2.5.3.2.2,

2.5.3.231, 2.5.3.232, p.343.

a first memory that stores The Accused Products include a first memory that stores a clock control library. For example, the SMU contains memory that

a clock control library for stores the firmware and configuration space registers, including a clock control library. The clock control library controls clock
controlling a clock frequency transition between the P-states. See e.g., BKDG, Fig. 1:
frequency transition

between said ordinary

operation modes;
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Northbridge (NB)

- Transaction routing

- Configuration and lO-space

registers

- Root complex

- Graphics core (optional)

BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3.17 [CPU Memory Mapped Registers] for registers descriptions and details.

2.12.] Microcontroller

The SMU contains a microcontroller with a 16k ROM and a l6k RAM.

See also BKDG, Table 10:
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Table 6: P-state control example

Requests/Status MSR Address Requests/Status MSR Address

mum-3:.—

n_—-—m
n_————
__——“_

oesoceemeeo“_oeseeceemeee
oeseeeeemeee eeseeceemeee-_
eeseceemeeo“—eeseecmoeeee

“_eeseceemeee“_eescmeeeee

a system control circuit The Accused Product has a system control circuit, for example, the System Management Unit and/or the System Management

which has a register, Controller, that has a register. See e.g., BKDG:

wherein said system
control circuit carries out

the clock frequency
transition between said . .

. . - Configuration and IO-spnce

ordinary operation modes re g i Sm rs
and said special modes in - Rool com plex
response to a change ofa - G raphics core (omional)

value in said register, and
also carries out the clock

Northbridge (N B)

- Transaction routing
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frequency transition among

said ordinary operation

modes in response to said

clock control library;

a clock generation circuit

that receives a plurality of

standard clocks, wherein

said clock generation

circuit generates a clock

supplied to said central

processing unit according

to control by said system

control circuit; and

 
 

e t'o

BKDG, section 2.12:

2.12 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. Sec 3.]7 [CPU Memory Mapped Registers] for registers descriptions and details.

2. l 2.I Microeontroller

The SMU contains a microcontroller with a l6k ROM and a 16k RAM.

The NB/SMU controls the clock frequency transitions between the core P-states. See e.g., SATHE

et al.: RESONANT-CLOCK DESIGN FOR A POWER-EFFICIENT, HIGH-VOLUME X86-64 MICROPROCESSOR, p.144

tion of the configuration programming interface. 0n receiving

notification from the NB of a PState transition, the core im-

plements a PState entry sequence which transitions the core

into a clock-gated state. A program sequencer then accesses a

The Accused Products include a digital frequency synthesizer clock generation circuit, including the core PLL, clock multipliers and

dividers, and/or the digital frequency synthesizer. The DFS receives a plurality of standard clocks, for example, different phases of

the PLL clock or reference clock, and outputs the core clock such as CCLK to the CPU.

The Accused Products operate similarly to other product families with regards to this limitation. The clock generator circuit

includes at least the PLL and the digital frequency synthesizer. The BFS receives a plurality of standard clocks (the 4 phases-offset

references provided by the PLL), and generates CCLK according to control by the SMU:
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Source: Foley et al., A Low-Power Integrated x86-64 And Graphics Processor For Mobile Computing Devices, Fig. 1., 11; p.224-225.

a second memory that The Accused Products include a second memory, such as the hierarchy of L1, L2 caches that stores an application program,

stores an application including but not limited to ACPI drivers, power management utilities, APIs provided by AMD, or any software that causes the
program, wherein calling of SMUISMC firmware to perform P-state transitions. See BKDG section 2.5.3.1.3; p. 429:
said clock control library
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and changing of said 2.53.1.3 Core P-state Control
register value are

programmably controlled Core P-states are dynamically controlled by software and are exposed through ACPl objects (see 2.5.3.1.9

by said application [ACP1 Processor P-State Objectsl). Sofiware requests a core P-state change by writing a 3 bit index corre-

program to enable user sanding to the desired non-boosted Postate number to MSRC001 0062 |P-State Control] of the appropriate
selectable clock frequency core. For example. to request P3 for core 0 software would write 01 lb to core 0’s

transitions, MSRC001_0062[PstateCmd]. Boosted P-states may not be directly requested by sofiware. Whenever software

requests the P0 state (i.e. when software writes 00% to MSRCOO I _0062[PstateCmd]) on a processor that sup-

ports CPB. hardware dynamically places that core into the highest-performance P-state possible as determined

by CPB. See 2.5.3.1.1 [Core Performance Boost (CPBl].

Hardware sequences the frequency and voltage changes necessary to complete a P-state transition as specified

by 2.5.3.1.6 [Core P-state Transition Behavior] with no additional sofiware interaction required. Hardware also

coordinates frequency and voltage changes when differing P-state requests are made on cores that share a fre-

quency or voltage plane. See 2.5.2 [Frequency and Voltage Domain Dependencies] for details about hardware
coordination.

MSRC001_0062 PoState Control Register

MSRC001_00[:6864]. 0=SWPO. l=SWPl. etc. P~state limits are applied to any P-state requests made
through this register. See 2.5.3.1 [Core P-states] and-2 ..53.1.2.1 [Software P-state Numbering]. Reads

from this field return the last written value. regardless ofwhether any limits are applied.
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wherein said special modes The Accused Products include a first special mode in which clock supply to principal constituents of said central processing

comprise a first special unit is halted, for example the core C6 (CC6) state:

”00‘1": in. WhiCh 01°F“ supply 2.5.3.2.3.2 Core C6 (CC6) State
to principal constituents of

said central processing unit

is halted, a second special

mode in which clock supply

to an entirety of said

central processing unit is

When a core enters the CC6 state. it executes the following sequence:

L1 and L2 caches are flushed to DRAM by hardware.

Internal core state is saved to DRAM by hardware.

halted and a third special . The core clock ramps down to the frequency specified by D18F4xlAC[C6Did].
mode in which supply of . Power is removed from the core if possible as specified by D18F4xlAC[CoreC6Cap] and
power to the entirety of D] 8F4xlAC[CoreC6Dis].
said central processing unit

is halted. The events which cause a core to exit the CC6 state are specified in 2.5.3.2.6 [Exiting C-states].

If a warm reset occurs while a core is in CC6, all MCA registers in the core shown in Table 41 are cleared to 0.

See 2.16 [Machine Check Architecture].

018F4xlAC CPU State Power Management Dynamic Control 1
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9:5 C6Did: CCG divisor. Read-write. Reset: 0. BIOS: OFh. Specifies the divisor applied to the core when

ramping clocks down for CC6. See 2.5.3.232 [Core C6 (CC6) State].

Divisor % Divisor

Reserved 09h Reserved

Reserved 0Ah Reserved

Reserved OBh Reserved

Reserved 001 / l 28

Reserved 00b /5 [2

Reserved 0E1) Reserved

Reserved W

Reserved th-th Reserved

08h Reserved

See D18F4x1A8[SingleHalthuDid].

The Accused Products include a second special mode in which clock supply to an entirety of said central processing unit is

halted, for example the package Cl (P01) state:

2.5.3.133 Package Cl (PC 1) State

The processor enters the PC] state with auto-Pmin when all of the following are true:

- All cores are in the CC I state or deeper.

If D18F4x1AC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I . the P-state for

all cores is transitioned as specified by 2.5.3.211 [Auto-Pmin]. Regardless of the state of D18F4xlAC[CstP-

minEn]. all core clocks are ramped to the frequency specified by Dl8F4xlA8[AllHalthuDid].
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D18F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

9:5 AllBalthnDid. Read-write. BIOS: OFh. Specifies the divisor used when entering PC 1 with or with-

out auto-Pmin. See 2.5.3.133 [Package C 1 (PC 1) State]. This field must be set to a divisor deeper

than DlSF4xlA8[SingleHalthuDid] or undefined behavior may result.

Bits Djvisor Bits inisor

0011 Reserved 09h Reserved

0111 Reserved OAh Reserved

02h Reserved OBh Reserved

03h Reserved OCh / l 2 8

04h Reserved 0Dh /512

05h Reserved 0E1: Reserved

06h Reserved 0Fh Clocks off

0711 Reserved th-th Reserved

08h Reserved
2/13/2019

The Accused Products include a third special mode in which supply of power to the entirety of said central processing unit

is halted, for example the package CG (P06) state:
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2.5.3.2.3.4 Package C6 (PC6) State

The processor enters the PC6 state when all of the following are true:

- All cores enter the CC6 state.

- The C-state action field targeted by each core’s C-state request has the C6Enable bit programmed to indi-

cated entry into PC6 is allowed. See Dl8F4x l l 8 and DlSF4xl IC.

- PC6 is supported and enabled as specified by Dl8F4xlAC[PkgC6Cap] and Dl8F4x lAC[PkgC6Dis].

When the package enters PC6, VDDCR_CPU is transitioned to the VID specified by 018F3x128[C6VId].

2.5.1.4.2 Alternate Low Power Voltages

In order to save power, voltages lower than those normally used may be applied to the VDDCR_CPU power

plane while the processor is in a C-state.

Di 8F3x]28[C6Vid] specifies a VDDCR_CPU voltage that does not retain the CPU caches or the cores" micro-

architectural state, nor allows for execution. As a result. hardware flushes caches and saves the cores' microar-

chitectural state to DRAM before transitioning to C6Vid. See 2.5.3.2.3.4 [Package C6 (PC6) State].

2.5.1.4.3 Power Gating

The processor can remove power from an individual core. This is referred to as power gating. Gating power to

a subcomponent causes its internal microarchitectural state and. if applicable. any data in its caches to be lost.

When entering a power gated state. hardware saves any needed data, either internally or to DRAM, and flushes

caches. When exiting a power gated state, hardware performs any required resets and restores any needed data.

See 2.5.3.2.3.2 [Core C6 (CC6) State].
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A system LSI as claimed in

claim 1, wherein said clock

control library comprises:

a plurality of libraries that The clock control libraries of the Accused Products contain a plurality of libraries that control the SMU and clock generator to

control said system control transition clock frequencies. For example, source code provided by AMD to coreboot indicates that P-state and C-state transitions

circuit and said clock are controlled by separate libraries:

generation circuit to

transition the clock https:llgithgb.gom/coreboot/coreboot/tree/master/src/vegdorcgde/amd/agey/flélfloc/CPU/Feature

frequencies supplied to said

central processing unit; and

a main library which is called As discussed above, P-states and C-states may be controlled by software, which includes a main library that calls upon the

by said application program plurality of libraries.

and selects any one of said

libraries in correspondence

with the clock frequency

supplied to said central

processing unit.

A system LSI as claimedin

claim 2,

wherein said main libraryis The main libraryin the SMU firmware and the application program instructions stored1n the caches are both use the same

described using a same language such as machine code.

program language as said

application program.
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A system LSI as claimed in

claim 2,

wherein each of said libraries The SMU firmware directly controls the SMU hardware.

is described using a program

language capable of directly

controlling said clock

generation circuit and said

system control circuit.

A system LSI as claimed in

claim 5,

wherein each of said libraries The SMU firmware directly controls the SMU hardware and is described using an assembler language such as machine code.

is described using an

assembler language.

7. A system LSI as claimed in

claim 1, wherein said system

control circuit comprises:

a frequency division ratio The NB of the Accused Products contains a frequency division ratio setting register that sets a frequency division ratio of the clock

setting register that sets a generated by said clock generation circuit. The NB contains the configuration register space for the Accused Products.

frequency division ratio of the

clock generated by said clock See e.g., BKDG:

generation circuit;
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Northhridge (N B)

- Transaction routing

- Configuration and lO-space

registers

- Root complex

- Graphics core (optional)

BKDG, section 2.12:

2.]2 System Management Unit (SMU)

The system management unit (SMU) is a subcomponent of the northbridge that is responsible for a variety of

system and power management tasks during boot and runtime. Several internal registers are used to control

various tasks. See 3. l 7 [CPU Memory Mapped Registers] for registers descriptions and details.

2.12.] Microcontroller

The SMU contains a microcontroller with a 16k ROM and a l6k RAM.

Configuration space register mnemonics are defined in section 3.1 of the BKDG:

- DZFYXXXX: PCl-defined configuration space: XXX specifies the hexadecimal byte address of the configu-

ration register (this may be 2 or 3 digits): Y specifies the function number; Z defined the device number; e.g.,

DOF3x40 specifies the register of device 0 at function 3. address 40. See 2.7 [Configuration Space], for

details about configuration space.

 
the core Cl (001) state:
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2.5.3.2.3J Core Cl (CCl) State

When a core enters the CCI state. its clock ramps down to the frequency specified by DI 8F4x l A8[Single-

HalthuDid].

 
D18F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

SingleHalthuDid. Read-write. BIOS: lEh. On a processor with multiple cores, this specifies the

divisor used when ram - in core clocks down after a single core has entered the clocks ramped state.

its Divisor

lCh~00h Reserved.

1 Dh I28

1 Eh 5 I2

' lf MSRCOOl_00[6B:64][CpuDidMSD] of the current P-state is greater than or equal to Single-

HalthuDid. then no frequency change is made when entering the low-power state associated with

this register.

0 The COF = (the frequency specified by DlSF3xD4[MainPllOpFreqld]) / (the divisor specified by

this field).
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2.5.3.233 Package C 1 (PC 1) State

The processor enters the PC] state with auto-Pmin when all of the following are true:

- All cores are in the CC] state or deeper.

If D] 8F4x I AC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I, the P-state for

all cores is transitioned as specified by 2.5.3.2.7J [Auto-Putin]. Regardless of the state of D18F4x lAC[CstP-

minEn], all core clocks are ramped to the frequency specified by DI8F4xlA8[AllHalthuDid].

DI8F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

AllHalthuDid. Read-write. BIOS: th. Specifies the divisor used when entering PC 1 with or with-

out auto-Pmin. See 2.5.3.2.3.3 [Package C 1 (PCI) State].

B_its Divisor

lCh-OOh Reserved.

1011 128

lEh 512

See D l 8F4x l A8[SingleHalthuDid].
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a 010°]! halting register that 2.53.2.33 Package C] (PCI) State
receives the clock from said

clock generation circuit and

individually sets the clock to

be halted or supplied;

The processor enters the PCI state with auto-Pmin when all of the following are true:

0 All cores are in the CC1 state or deeper.

If D] 8F4x1AC[CsthinEn] indicates that auto-Pmin is enabled when the processor enters PC I , the P-state for

all cores is transitioned as specified by 2.5.3.21] [Auto-Pmin]. Regardless of the state of D18F4xlAC[CstP-

minEn], all core clocks are ramped to the frequency specified by D18F4xlA8[AllHalthuDid].

D18F4xlA8 CPU State Power Management Dynamic Control 0

Reset: 0000_0000h.

9:5 AlllhlthnDid. Read-write. BIOS: OFh. Specifies the divisor used when entering PC] with or with-

out auto-Pmin. See 2.5.3.233 [Package C 1 (PC 1) State]. This field must be set to a divisor deeper

than Dl 8F4xlA8[SingleHalthuDid] or undefined behavior may result.

Bits Divisor fls Divisor

00h Reserved 09h Reserved

0111 Reserved OAh Reserved

2h Reserved OBh Reserved

03h Reserved 001 / [28

04h Reserved 0Dh /512

05h Reserved OEh Reserved

06h Reserved 0Fh Clocks 0E

07h Reserved th— 10h Reserved

08h Reserved
2/13/2019
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And a status register that

judges a state of said central

processing unit immediately

after being released from said

third special mode.

 
2.5.3.2.7.2 Exiting PC6

If the PService timer is enabled when the processor exits PC6, all cores transition to the P-state specified by

W.The cores remain in this state until one of the following occurs:

' The PService timer expires while the package is in C0: In this case. the cores transition back to the last P-

state requested by software.

- The package enters PC I without auto-Pmin: In this case. the PService timer continues counting. If it

expires while in PC I . the cores remain in the P-state specified by D l 8F4x 1 AC[PstateldCoreOfiExit]

until they return to C0, at which time they transition to the last P-state requested by software.

' The package enters PC 1 with auto-Pmin: In this case. the PService timer stops counting and the cores
enter the PService state.

0 The package enters PC6: In this case the PService timer stops counting and the actions associated the

requested package C-state occur. Sec 2.5.3.2.3.4 [Package C6 (PC6) State].

if the PService timer is disabled when the processor exits PC6, the cores transition back to the last P-state

requested by software.

See also BKDG pp.320-321:

DISF4xlAC CPU State Power Management Dynamic Control 1

Exhibit B5
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PstateIdCoreOflExit. Read-write. Reset: 0. BIOS: 2.5.3.2.9. When exiting the package C6 state, the

core transitions to the P-state specified by this register. See 2.5.3.212 [Exiting PC6]. IfPC6 is

enabled (see 2.53.2.9 [BIOS Requirements for C-state InitializationD, PstateIdCoreOflExit must be

programmed to lowest-performance P-state displayed to the operating system or to any lower-perfor-

mance P-state. Programming this field to 0 causes the core to transition to the last P-state requested by

software when exiting package C6. This field uses hardware P-state numbering. See 2.5.3.122

[Hardware P-state Numbering].

1-0pA—system LSI as claimed1n
claim 1,

wherein said first memory As detailed above, the first memory in the SMU and the second memory in the caches are independent memories that are

and said second memory are separated from each other.

two independent memories

which are separated from
each other.
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Exhibit 0.1 — Preliminar Accused Product Identification for ’614 Patent —

AMD Family 12h Processors

 

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

m
_—_-641 AMD Athlon Processors X4 Llano

———-638 AMD Athlon Processors X4 Llano

_——-631 AMD Athlon Processors X4 Llano

_——-631 AMD Athlon Processors X4 Llano

_—_-620e AlVfl) Athlon Processors X4 Llano

———_
————

———_
———_
————
———_
————

————
———_
————
———_
——_—

———_
———_
———_
__——
————

———_
————
————
————
———_

————
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m-n-
———_
————
———_
————

———_
————

A8-3820 AMD A-Series Processors —_
A8-3850 AMD A-Series Processors —-
A8-3870K AMD A-Series Processors —_

Exhibit C. 1 -2-

0208



0209

Exhibit C.2 — Preliminar Accused Product Identification for ’614 Patent —

AMD Bulldozer/Piledriver Processors

 

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

m_—m
Radeon HD 8670D Processors fo1 Desktops Piledriver

Radeon HD 8670B Processors for Deskto s Piledriver——--
Radeon HD 8670B Processors for Deskto s Piledriver

———-A10-679OB Processors for Desktops Piledriver

_——-HD 8670D Processors for Deskto us Piledriver

AlO—6700T with AMD A—Series _-Radeon HD 8650D Processors for Deskto us Piledriver

——--A10—5800K Processors for Deskto s Piledriver

A10-5700 Processors for Deskto s Piledriver

—__-HD 8570D Processors Deskto-s Piledriver

—__-A8—6500B Processors Deskto - s Piledriver

——_-HD 8570D Processors Deskto-s Piledriver

——_-HD 8550D Processors Deskto-s Piledriver

_—_-HD 8470D Processors Deskto s Piledriver

—__-HD 8470D Processors Deskto as Piledriver

A6-5400K Processors Deskto us Piledriver

_—_-HD 8470D Processors Deskto s Piledriver

—--_-A4—6320B Processors Deskto as Piledriver
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m——-
_—_-HD 8370D Processors Deskto s Piledrive1

——-_-A4—6300 Processors Deskto s Piledrivel

A4—6300B Processors DAIeVIDskto s Piledrive1

HD 8370D Processors Deskto IS Piledriver———-
FX-9590 Processors Edition Processors Piledriver

FX-93 7O Processors Edition Processors Piledriver

cooler Processors Edition Processors Piledriver

FX-837OE Processors Edition Processors Piledriver

FX-83 70 Processors Edition Processors Piledriver

cooler Processors Edition Processors Piledriver———-
FX-8350 Processors Edition Processors Piledriver

FX-8320E Processors Edition Processors Piledriver

———-FX-8320 Processors Edition Processors Piledriver

FX—83 10 Processors Edition Processors Piledriver

FX-8300 Processors Edition Processors Piledriver

FX—8 l 70 Processors Bulldozer

__—-FX—8 l 50 Processors Edition Processors Bulldozer

———-FX-8 140 Processors Bulldozer

———-FX—8 120 Processors Edition Processors Bulldozel

———-FX—8 100 Processors Bulldozer

FX-6350 with Wraith AMDFX-Series _-cooler Processors Edition Processors Piledr1ve1
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m——-
_—_-A4-4020 Processors Deskto s Piledriver

——_-A4—4000 Processors Deskto s Piledriver

R5 Gra hics Processors La to s Piledriver

AMD FX-Sen'es AMD FX 6-Core Black

FX—63 50 Processors Edition Processors Piledriver

AMD FX-Sen'es AMD FX 6-Core Black

FX-6300 Processors Edition Processors Piledriver

———-FX-6200 Processors Edition Processors Bulldozer

———-FX-6130 Processors Bulldozer

———-FX-6120 Processors Bulldozer

FX 6100 Processors Edition Processors Bulldozer

__—-FX-4350 Processors Edition Processors Piledriver

FX-4320 Processors Edition Processors Piledriver

FX-4300 Processors Edition Processors Piledriver

———-FX-4 l 70 Processors Edition Processors Bulldozer

———-FX—4150 Processors Bulldozer

FX—4 l 30 Processors Edition Processors Bulldozer

———-FX-4120 Processors Bulldozer

FX-4100 ProAMcDessors Edition Processors Bulldozer
___-HD 8450G Processors La untos Piledriver

AMD Business Class -

A10-6800B with Quad-Core AlO—Series -Radeon HD 8670D Processors APU for Deskto s Piledriver

AMD Business Class —

A10—6790B with Quad-Core AlO-Series -Radeon HD 8670D Processors APU for Deskto s Piledriver
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m

AMD Business Class -

A8-6SOOB with Radeon AMD A-Series Quad-Core A8-Series
HD 8570D Processors APU for Deskto rs Piledriver

-760K Processors AMD Athlon X4 Piledriver

AMD Athlon -750 Processors AMD Athlon X4 Piledriver

AMD Business Class -

A6-6420B with Radeon AMD A-Series Dual-Core A6-Se1ies APU

HD 847OD "ocessors for Deskto rs Piledriver

AMD Athlon -750K Processors AMD Athlon X4 Piledriver

AMD Business Class —

A6-6400B with Radeon AMD A-Series Dual-Core A6-Series APU-HD 8470D Processors for Deskto rs Piledriver

AMD Athlon -740 Processors AMD Athlon X4 Piledriver

———-6386 SE AMD I rteron Series Processor Piledriver

—_--6380 AMD 0 rteron Series Processor Piledriver

_——-6378 AMD 0 rteron Series Processor Piledriver

_——-6376 AMD 0 rteron Series Processor Piledriver

__—-6370P AMD 0 rteron Series Processor Piledriver

———-6366 HE AMD 0 rteron Series Processor Piledriver

_——-6348 AMD 0 rteron Series Processor Piledriver

AMD PRO A-Series AMD PRO A—Series A4 -Radeon HD 8470D Processors APU for Deskto s Piledriver

_——-6344 AMD 0 rteron Series Processor Piledriver

———-6338P AMD 0 rteron Series Processor Piledriver

———-6328 AMD 0 rteron Series Processor Piledriver

__—-6320 AMD 0 rteron Series Processor Piledriver

_——-6308 AMD 0 teron Series Processor Piledriver
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m——-
—_—-6287 SE AMD 0 teron Series Processor Bulldozer

———-6284 SE AMD 0 teron Series Processor Bulldozer

———-6282 SE AMD 0 teron Series Processor Bulldozer

———-6278 AMD 0 Iteron Series Processor Bulldozer

_——-6276 AMD I teron Series Processor Bulldozer

__—-6274 AMD 0 teron Series Processor Bulldozer

_——-6272 AMD 0 teron Series Processor Bulldozer

AMD Opteron 6200

_——-6230 HE AMD 0 teron Series Processor Bulldozer

_——-6238 AMD 0 teron Series Processor Bulldozer

_——-6234 AlVfl) O teron Series Processor Bulldozer

———-6220 AMD 0 teron Series Processor Bulldozer

_——-6212 AMD 0 teron Series Processor Bulldozer

———-6204 AMD 0 uteron Series Processor Bulldozer

_——-43 86 AMD 0 uteron Series Processor Piledriver

———-43GK HE AMD 0 :teron Series Processor Piledriver

_——-43 76 HE AMD 0 nteron Series Processor Piledriver

———-4365 AMD 0 uteron Series Processor Piledriver

—_—-4340 AMD 0 teron Series Processor Piledriver

__—-4334 AMD 0 Iteron Series Processor Piledriver

_——-4332 HE AMD 0 teron Series Processor Piledriver

—_—-43CX EE AMD 0 nteron Series Processor Piledriver
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m——-
_——-4310 EE AMD 0 Iteron Series Processor Piledriver

———-4284 AMD 0 Iteron Series Processor Bulldozer

_——-4280 AMD 0 Iteron Series Processor Bulldozer

_——-4276 HE AMD 0 Iteron Series Processor Bulldozer

__—-4274 HE AMD I tIeron Series Processor Bulldozer

__—-42MX EE AMD 0 tIeron Series Processor Bulldozer

_——-4256 EE AMD 0 Iteron Series Processor Bulldozer

AMD Opteron 4200

_——-4238 Alvfl) O teron Series Processor Bulldozer

_——-4234 AMD 0 teron Series Processor Bulldozer

_——-4230 HE AMD 0 teron Series Processor Bulldozer

———-4228 HE AMD 0 Iteron Series Processor Bulldozer

_——-4226 AMD 0 teron Series Processor Bulldozer

—_—-42DX EE AMD 0 Iteron Series Processor Bulldozer

———-3380 AMD 0 Iteron Series Processor Piledriver

———-3365 AMD 0 Iteron Series Processor Piledriver

———-3350 HE AMD 0 Iteron Series Processor Piledriver

———-3320 EE AMD 0 Iteron Series Processor Piledriver

—_—-3280 AMD 0 Iteron Series Processor Bulldozer

__—-3260 HE AMD 0 Iteron Series Processor Bulldozer

_——-3250 HE AMD 0 Iteron Series Processor Bulldozer
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“__-
———-R-252F Series Processors Piledriver

_——-R-260H Series Processors Piledriver

———-R-268D Series Processors Piledriver

AMD Embedded R-

__—-
_——-R-452L Series Processors Piledriver

AMD Embedded R-

_——-
AMD Embedded R-

___-
___-R-464L Series Processors Piledriver

———-Processors

_——-Processors

Processors

Plocessors

Processors

A6_4400M A‘senes -Piledliver
Processors

A4-5150M AMD A'sems Piledriver
Processors

Processors

A10—5757M AMD A'senes Piledriver
Processors

AIO-S 745M AMD A'senes Piledriver
Processors

Processors

Processors

Processors

A8-4555M __—
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m——-
—Processors —_

Processors

Processors

Processors

A4-5145M AMD A'senes Piledriver
Processors

A4-4355M A-Senes Piledriver
Processors
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Exhibit C.3 — Preliminar Accused Product Identification for ’614 Patent —

AMD Excavatorjfl Processors

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

 

Family Line

7th Gen AMD PRO A4— PRO A-Series AMD PRO A—Seu'es

4350B APU Processors A4 APU for La to s Excavator+

7th Gen AMD PRO A6- PRO A-Series AMD PRO A-Series

7350B APU ‘ 6 APU for La to s Excavator+

A12-Series

3

had;0(D(n U!C.u (/1 11>

EA-Series

7th Gen A12 9800 APU Processors

A-Series

CE5: UaEC) 5: Excavator+

E A12-Series

3CDa$5 cg85 UaaC) :27th Gen A12 9800B APU Excavator!-

% EA-Series A10-Series

g00noa:8an C! m.9. U(DanEC) 5:7th Gen A12 9720P APU Excavator+

EA-Series A10-Series

:9CD8s5 c55? t:gEC) a7th Gen A10 9700 APU Excavator+

E EA-Series A10-Series

7th Gen A10 9700B APU Processors

A—Series
ocessors

A-Series

c 5,” U8aC) a Excavator!-

E % A10-Series

Ea5'§’ 0)7th Gen A10-9620P APU Z? Excavator+

A8-Series APU

7th Gen A8 9600 APU Excavator+

EA-Sen'es A6—Series APU

Excavator+’1!8O('0onon(3usan 5"_ U(Don5‘.C) no7th Gen A6 9550 APU

% A—Series A6-Series APU
-%

Excavator+”138O(DU)U!9.VJ 8’.- 9C05‘C) U!7th Gen A6 9500 APU

U >ox('1:Qg. :9"CC.A-Selies

7th Gen A6 9500B APU Processors for Deskto Is Excavator+

A-Seu'es A12-Series

7th Gen A12-9730P APU Processors

A—Selies

7th Gen A12-9700P APU Processors

A-Selies

7th Gen A10-9630P APU Processms

A-Sen'es

7th Gen A10-9600P APU Processors

A-Series A9-Sen'es APU

7th Gen A9-9425 APU Processors for La to u s Excavator+

7th Gen A9 9420 APU A-Sen'es D A9-Series APU Excavator+

E 3

%C: m9, r‘eaa Excavator+

E 3Al 2-Series

é:>§’55c1)- gaga
Excavator+

E3 5§ {I} Excavator+

E EA10—Series

E354§’ in Excavator+

E E

m m-

AMD AMD

Processors f01 Deskto us

iE
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“—n-
——for Laptops _

—-for La nto n s Excavator+

—-for La nto n s Excavator+

———-7th Gen A6 9220 APU Processors for La nto n s Excavator+

7th Gen A9 9410 APU

7th Gen A6-9225 APU

7th Gen A6—9220C APU

AIvfl) A-Series

Processors

AMD A—Series

Processors

AMD A-Series

Processors

AMD A6-Series APU

for Laptops Excavator+ 

7th Gen A6 9210 APU

AMD A-Sen'es

Processors

AMD A6-Series APU

for La nto n s Excavator+

———-7th Gen A6-9200 APU Processors for La tno n s Excavator+

——_-7th Gen A6 9200c APU Processors for La nto n s Excavator+

———-7th Gen A4-9120 APU Processors for La nto n s Excavator+

——--7th Gen A49120C APU Processors for La tno s Excavator+

7th Gen AMD PRO A12-

9800 APU

7th Gen AMD PRO A12-

9800E APU

7th Gen AMD PRO A10—

9700 APU

7th Gen AlVID PRO A10-

9700E APU

7th Gen AMD PRO A8-9600

APU

7th Gen AMD PRO A6-9500

APU

7th Gen AMD PRO A6-

9500E APU

7th Gen AMD PRO A12-

9830B APU

7th Gen AMD PRO A12-

98003 APU

7th Gen AMD PRO A10—

9730B APU

AMD PRO A-Series

Processors

AMD PRO A—Series

Processors

Alvfl) PRO A-Series

Processors

Processors

Processors

Processors

AMD PRO A—Series

Processors

AMD PRO A—Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Series

Processors
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AMD PRO A—Sen'es

A12 APU for

Deskto ns

AMD PRO A—Series

A12 APU for

Deskto n 5

AMD PRO A—Sen'es

A10 APU for

Deskto ns

AMD PRO A-Series

A10 APU for

Deskto ns

AMD PRO A-Series

A8 APU for Deskto ns

AMD PRO A-Series

A6 APU for Deskto n 3

AMD PRO A—Sen'es

A6 APU for Deskto n 5

AMD PRO A—Sen'es

12 APU for La t0ns

AMD PRO A-Sefies

12 APU for La t0ns

AMD PRO A—Sen'es

A10 APU for La tens

Excavator+

Excavator+

Excavator+
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“—m-
AMD PRO A-Series AMD PRO A-Series -97003 APU Processors A10 APU for La to u s Excavator+

AMD PRO A—Series AMD PRO A—Series -9630B Processors A8 APU for La to u s Excavator+

AMD PRO A-Series AMD PRO A-Series -9600B APU Processors A8 APU for La ltO s Excavator+

7th Gen AMD PRO A6— AMD PRO A-Series AMD PRO A-Series

9500B APU Processors A6 APU for La to s Excavator+

AMD FX-Sen'es

FX-Series Processors for

7th Gen FX 9830P APU Processors Laptops Excavator+
AMD FX-Series

FX-Series Processors for

7th Gen FX 9800P APU Processors

E-Series

7th Gen E2 9010 APU Processors for La to u s

A-Series A10-Series

6th Gen A10-8700P APU Processors

A-Series

%

E

Excavator+

S gr
‘1’

US ma'900(DHa.(I) c:

Excavator+

E E

C: p.”3 r‘933 U3 Excavator

Eu a3EéE

6th Gen A8-8600P APU for La to s Excavator

PRO A—Series

6th Gen AMD PRO A12- PRO A-Series A12 APU for

8870 APU Processors Deskto - s Excavator

PRO A-Sen'es

6th Gen AMD PRO A12- PRO A-Series A12 APU for

8870B APU Processors Deskto u s Excavator

PRO A—Series

6th Gen AMD PRO AlO- PRO A-Series A10 APU for

8770 APU Processors Deskto s Excavator

PRO A—Sen'es

6th Gen AMD PRO AlO— PRO A—Series A10 APU for

8770B APU Processors Deskto n s Excavator

6th Gen AMD PRO A8— PRO A—Series PRO A—Series

86503 APU A8 APU for Deskto n s Excavator

6th Gen AMD PRO A6-857O PRO A-Series AMD PRO A-Series

APU A6 APU for Deskto o s Excavator

6th Gen AMD PRO A6- PRO A-Series AMD PRO A—Series

8S70E APU Processors A6 APU for Deskto o s Excavator

6th Gen AMD PRO A6- PRO A-Series AMD PRO A-Series

8550B APU Processors A6 APU for Deskto s Excavator

6th Gen AMD PRO A4- PRO A-Series AMD PRO A-Series

83 50B APU Processors Excavator

6th Gen AMD PRO A12- PRO A-Sen'es AMD PRO A—Series Excavator

gn(Dmm0a

E

E

E

E

E E

OOOOm(Dmw88HI-aa:a:

3%

i C‘. a Uaa:9

 _
i
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““-
———_

8800B APU Processors A12 APU for La to n s Excavator

8780P APU Processors A10 APU for La - to o s Excavator

6th Gen AMD PRO AlO- AMD PRO A-Series AMD PRO A-Series

8730B APU Processors 10 APU for La to s Excavator

6th Gen AMD PRO AlO— PRO A—Series AMD PRO A—Series

87003 APU Processors 10 APU for La to n s Excavator

6th Gen AMD PRO A8- PRO A-Series AMD PRO A—Series

8600B APU Processors 8 APU for La to s Excavator

6th Gen AMD PRO A6- PRO A-Series AMD PRO A-Series

8530B APU A6 APU for La to n s Excavator

6th Gen AMD PRO A6— PRO A-Series AMD PRO A—Series

8500B APU Processors A6 APU for La to n s Excavator

FX-Series

FX—Series Processors for

6th Gen FX-8800P APU Processors

A6—8500P with Radeon R5 A-Series

Gra hics

A10—8700P with Radeon R6

Gra hics

E

E

g

E

E

"U8E;O(Dmm2m

Excavatorl“93 I.C m

EU 3%E5 %c:

Excavator”U8O(DmmCH m 5"~ r43? —+C on

A—SeriesE

Excavator

$2?
888a

3?;
Ea

Athlon

7th Gen AMD Athlon X4 970 Processors Athlon X4

A8-8600P with Radeon R6 A-Series A8-Series APU

Gra » hics Processors

Athlon

7th Gen AMD Athlon X4 950 Processors Athlon X4

Athlon

7th Gen AMD Athlon X4 940 Processors

A6—8500P with Radeon R5 A-Series

Gra hics

Excavator

S

Excavator

E

Excavator

E

E

Athlon X4S

”3CDa8E

5?;%'é" EUE93;Q ('1:8a C1

Excavator

Excavator

EAthlon

835 Processors AMD Athlon X4

845 with Near Silent Thermal AMD Athlon

Solution Processors AMD Athlon X4 Excavator

FX—8800P with Radeon R7 AMD FX—Series AMD FX—Series -Gra hjcs Processors Processors for AIDS Excavator

———-RX-421ND Series Processors R—Series SOC Excavator

———-RX-421BD Series Processors R-Series SOC Excavator

Exhibit CS -4-

Excavator

AMD AlO-Serres - 
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“—n-
—_—-RX-4lSGD Series Processors R-Series SOC Excavator

———-RX-416GD Series Processors R-Series SOC Excavator

———-RX-216TD Series Processors R-Series SOC Excavator

Alvfl) Embedded R-

AMD Embedded G— 3rd Generation G-

GX-224U Series Processors Series SOC J Famil Excavator

AMI) Embedded 6- 3rd Generation G-

GX-215JJ Series Processors Series SOC J Famil Excavator

——-I-GX-217GI Series Processors Series SOC I Famil Excavator

——_-GX-4ZOGI Series Processors

———-GX-2 12]] Series Processors

———-GX-ZZOIJ Series Processors

AMD erton

AMD erton

AMD erton

——_-Athlon X4 835 Processors Excavator

—__-Athlon X4 845 Processors Excavator
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Exhibit D.1 - Preliminar Accused Product Identification for ’519 Patent —

AMD Family 12h Processors

 

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

m——-
_—_-641 AMD Athlon Processors X4 Llano

———-638 AMD Athlon Processors X4 Llano

_——-631 AMD Athlon Processors X4 Llano

_——-631 AMD Athlon Processors X4 Llano

_—_-620e AlVfl) Athlon Processors X4 Llano

———_
————

———_
———_
———_

A6-34OOM AMD A-Series Processors Llano

————
———_
———_
———_
——_—

———_
———_
A8-3550MX AMD A—Series Processors _—
-————
————

——_
————
————
———_
——-—
————

  
Exhibit D.1 -1-
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m-n-
———_
————
———_
————

———_
————

A8-3820 AMD A-Series Processors —_
A8-3850 AMD A-Series Processors —-
A8-3870K AMD A-Series Processors —_

Exhibit D.1 -2—
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Exhibit D.2 — Preliminar Accused Product Identification for ’519 Patent —

AMD Family 14h Processors

 

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

“—-
——-G—Series T24L Processors Bobcat

AMD Embedded G—Seiies

AMD Embedded (3-Series

——-G—Series T16R Processors Bobcat

AMD Embedded G—Series

Processors

AMD Embedded G-Series

G—Series T40E Processors Bobcat

AMD Embedded G-Selies

Processors

AMD Embedded G-Seiies

Processors

AMD Embedded G—Series

Processors

AMD Embedded G—Sefies

Processors

AMD Embedded G-Sen'es

Processors

AMD Embedded G—Series

Processors

AMD Embedded G-Sen'es

Processors

AMD Embedded G-Seiies

G—Series T56N Processors Bobcat

C—50 C-Series Bobcat

G—Series T40R Bobcat

G—Series T40N Bobcat

G-Series T40R Bobcat

G—Series T44R Bobcat

G-Series T48E Bobcat

G—Series T48N Bobcat

G—Series TSZR Bobcat

G-Series T56E Bobcat 
Exhibit D.2 -1-

0224



0225

“--
E350 AMD E-Series Processors

E-450 AMD E-Series Processors

E1-1200 AMD E-Series Processors 

Exhibit D.2
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Exhibit D.3 — Preliminar Accused Product Identification for ’519 Patent — 

AMD Family 15h Processors

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

m——-

AlVID PRO A-Series A4 APU -for La to o s Excavator+

_-Deskto s Excavator+

_-Deskto s Excavator+

_-Deskto . s Excavator+

_-Deskto s Excavator’r

_-Deskto s s Excavator+

_-La u to a s Excavat0r+

_-Deskto s Excavator+

_-Deskto s Excavator+

_-Deskto D s Excavator+

_-Deskto us Excavator+

3—-La n to u s Excavator+

_-La n to u s Excavator+

7th Gen AMD

PRO A4-43 50B AMD PRO A-Series

APU Processors

7th Gen AMD

PRO A6-7350B AMD PRO A-Series

ProcessorsAPU

9800 APU Processors

9800B APU Processors

9720P APU Processors

9700 APU Processors

9700B APU Processors

9620P APU Processors

APU Processors

APU Processors

APU Processors

9500B APU Processors

9730P APU Processors

9700P APU Processors

7th Gen AlO- AMD A—Series

9630P APU Processors

7th Gen A10- AMD A—Series

9600P APU Processors

7th Gen A9-9425 AMD A-Sen'es

AIVID PRO A-Series A6 APU

for La to 3

AMD AlO-Series APU for

La to 3

AMD AlO-Series APU for

La Ito 3

AMD A9-Series APU for

Exhibit D.3

0226

Excavator!-

Excavat01+

Excavator!-
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———_

APU Processors La to-s Excavator+

APU Processors La I to u s Excavator!-

_—_-APU Processors La 1 to u s Excavat01+

7th Gen A6 9220 AIVID A-Sefies AMD A6—Series APU for

APU Processors Laptops Excavator+
7th Gen A6- AMD A-Series AMD A6-Series APU for

9220C APU Processors La to u s Excavator+

_—_-APU Processors Lato s Excavator+

_—_-APU Processors La - to I s Excavator+

9200e APU Processors La tos Excavator+

APU Processors La n to n s Excavator+

A49120C APU Processors La tos Excavator+

7th Gen AMD

PRO A12-9800 AMD PRO A-Sen'es AMD PRO A-Sen'es A12 APU

APU Processors for Deskto us

7th Gen AMD

PRO A12-9800E AMD PRO A-Series AMD PRO A-Series A12 APU

APU Processors for Deskto - s Excavator+

7th Gen AMD

PRO A10-9700 AMD PRO A-Series ANID PRO A-Sen'es A10 APU

APU Processors for Deskto s

7th Gen AMD

PRO A10-9700E AMD PRO A-Series ANID PRO A-Series A10 APU

APU Processors for Deskto - s Excavator+

7th Gen AMD

PRO A8-9600 AMD PRO A-Series AMD PRO A-Series A8 APU

APU Processors for Deskto us Excavator+

7th Gen AMD

PRO A6-9500 AMD PRO A-Series AMD PRO A-Sen'es A6 APU

APU Processors for Deskto - s Excavator+

7th Gen AMD

PRO A6-9500E AMD PRO A-Series AMD PRO A-Series A6 APU

APU Processors for Deskto n s Excavator+

7th Gen AMD AMD PRO A-Series AMD PRO A-Series A12 APU

PRO A12-9830B Processors for La . to n s Excavator+

 

Excavator+

Excavator+ 
Exhibit D3 -2-
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7th Gen AMD

PRO A12—9800B

APU

7th Gen AMD

PRO A10—9730B

APU

7th Gen AMD

PRO A10-9700B

APU

PRO A8-9630B

7th Gen AMD

PRO A8-96OOB

APU

7th Gen AMD

PRO A6-9SOOB

APU

7th Gen FX

9830P APU

7th Gen FX

9800P APU

7th Gen E2 9010

APU

6th Gen A10-

8700P APU

6th Gen A8-

8600P APU

6th Gen AMD

PRO A12-8870

APU

6th Gen AMD

PRO A12-8870E

APU

6th Gen AMD

PRO A10-8850B

APU

6th Gen AMD

PRO A10-8770

APU

6th Gen AMD

PRO A10-8770E

APU

AMD PRO A—Series

Processors

AMD PRO A—Series

Processors

ANID PRO A—Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Series

Processors

AIVID PRO A-Series

Processors

AMD FX—Series

Processors

AMD A—Series

Processors

AlVfl) A—Series

Processors

AMD PRO A-Series

Processors

AMD PRO A—Series

Processors

AMD PRO A—Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Series

Processors

AMD PRO A—Series A12 APU

for Laptops
ll!!!!l!!!!!|

AMD PRO A-Series A10 APU

for La 0 to a s Excavator+

AMD PRO A—Series A10 APU

for La 1 to I s

AlVID PRO A-Series A8 APU

for La .to o 3

AMD PRO A-Selies A8 APU

for La 0 to s

AMD PRO A-Series A6 APU

for La oto o s

ll!!!!!!l!!!|

|l!!!!!l!!!!l
I!!!!!l!!!!|

AMD FX-Series AMD FX-Serres Processors for

Processors La u to o s Excavatorl-

AMD FX-Series Processors for

La n to o s Excavator+

AMD E-Series AMD E2-Series APU for

Processors La - to o s Excavator!-

AMD AlO-Serres APU for

La u to u s Excavator

AMD A8-Series APU for

LaItOIs

AMD PRO A-Series A12 APU

for Deskto u s

AMD PRO A—Series A12 APU

for Deskto s

Excavator

Excavator

Excavator

AMD PRO A-Series A10 APU

for Deskto s Steamroller

AMD PRO A-Series A10 APU

for Deskto 3

AMD PRO A-Sen'es A10 APU

for Deskto s
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m——-
6th Gen AMD

PRO A10-87503

APU

6th Gen AMD

PRO A8-8650B

APU

6th Gen AMD

PRO A6-85 70

APU

6th Gen AMD

PRO A6—85 70B

6AthUGen AMD
PRO A6-85 50B

APU

6th Gen AMD

PRO A4-8350B

APU

6th Gen AMD

PRO A12-8830B

6AthUGen AMD
PRO A12-8800B

APU

6th Gen AMD

PRO A10-8780P

APU

6th Gen AMD

PRO A10-8730B

APU

6th Gen AlVfl)

PRO A10-8700B

APU

6th Gen AMD

PRO A8-8600B

APU

6th Gen AMD

PRO A6-8530B

6AtPhUGen AMD
PRO A6-8500B

ANID PRO A-Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Sefies

Processors

AMD PRO A-Series

Processors

AMDPRO A-Series

Processors

AMDPRO A—Series

Processors

AMDPRO A-Series

Processors

AMDPRO A-Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Series

Processors

AMD PRO A-Series

Processors

AMDPRO A-Series

Processors

AMDPRO A-Series

Processors

AMD PRO A-Senes A10 APU

for Deskto n s Steamroller

AMI) PRO A-Series A8 APU

for Desktops

AMD PRO A-Series A6 APU

for Deskto ns

AMD PRO A-Series A6 APU

for Deskto n s

AMD PRO A-Series A6 APU

for Deskto ns

AMD PRO A-Series A4 APU

for Deskto n s

AMD PRO A-Series A12 APU

for La nto n s Excavator

AMD PRO A-Series A12 APU

for La nto n s

AIvID PRO A-Series A10 APU

for Lanntos

Excavator

Excavator

AlVID PRO A-Series A10 APU

for La to-s Excavator

AMD PRO A-Series A10 APU

for Lanntos

AMD PRO A-Series A8 APU

for La nto 5

Alle PRO A-Series A6 APU

for Lanntos

AMD PRO A—Selies A6 APU

for La nto s

 
6AthUGen FX- AMD—PXSeries AMD FX-Series Processors for
8800P APU Processors La n to n s Excavator
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AlO-7890K with

Radeon R7

Graphics and
Wraith cooler

A10-7870K with

Radeon R7 Series

A10—7870K with

Radeon R7

Graphics and
Near Silent

Thermal Solution

A10-7860K with

Radeon R7 Series

A10-7860K with

Radeon R7

Graphics and
Near Silent

Thermal Solution

A10—7850K with

Radeon R7 Series

A10-7800 with

Radeon R7 Series

AlO-7700K with

Radeon R7 Series

AID—6800B with

Radeon HD

8670D

AID-6800K with

Radeon HD

8670D

AID—6790K with

Radeon HD

8670D

Al 0-6790B

A10-6700 with

Radeon HD

8670D

A10-6700T with

Radeon HD

8650B

A8—7670K with

Radeon R7

Gra hics and

AMD A—Series

Processors

AIVID A-Series

Processors

AMD A—Series

Processors

A—Series

Processors

Processors

AMD A—Sen'es

Processors

AMD A-Sen'es

Processors

AMD A-Sefies

Processors

AMD A-Series

Processors

AMD A-Sen'es

Processors

AMD A-Series

Processors

Alvfl) A—Series

Processors

A—Sen'es

Processors

A—Series

Processors

AMD A-Series

Processors

AMD AlO—Series APU for

Deskto s s Steamroller

ANID AlO-Series APU for

Desktops Steamroller

ALIID AlO—Series APU for

Deskto s Steamroller

AMD AID-Series APU for

Deskto s Steamroller

AMD AlO—Series APU for

Deskto u s

AMD AlO—Series APU for

Deskto u 3

AMD AlO-Series APU for

Deskto u s

Steamroller

AMD AlO-Series APU for

Deskto u s Steamroller

AMD AlO-Series APU for

Deskto s Piledriver

AMD AlO—Series APU for

Deskto 0 8

AMD AlO-Series APU for

Deskto s Piledriver

AMD AlO-Series APU for

Deskto u s Piledriver

AL/[D AlO—Series APU for

Deskto u 3

AMD AlO-Series APU for

Deskto u s Piledriver

AMD A8-Series APU for

 
Deskto u s

Exhibit D.3
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uAr

Near Silent

Thermal Solution

AMD A8-Series APU for

Desktops SteamrollerRadeon R7 Series Processors

A8—7650K with

Radeon R7

Graphics and
Near Silent AMD A—Series

Thermal Solution Processors

Radeon R7 Series Processors

AID-5800K PArMDocessors

AID-5700 Processors

AMD A8-Series APU for

Deskto s Steamroller

_-Deskto s Steamroller

_-Deskto 1 s Piledriver

_-Deskto 1s Piledriver

A8—6600K with

Radeon HD AMD A—Series AMD A8—Series APU for

8570D Processors Deskto 1s Piledriver

AMD A-Series AMD A8-Series APU for

A8—6500B Processors Deskto 1 s Piledriver

A8-6500 with

Radeon HD AMDA-Series

8570D Processors

A6-6420K with

Radeon HD AMDA—Series

847OD Processors

A4-7300 with

Radeon HD AMDA-Series

8470D Processors

ANIDA—Series

A4-6320B Processo1s

_-Deskto s Piledriver

A8-6500T with

Radeon HD AMD-ASeries AMD A8-Series APU for

85 50D Processors Deskto 1 s Piledriver

Radeon R5 Selies Processors Deskt01s Steamroller_—'_"-
Radeon R5 Series Processors Deskt01s Steamroller

--IDeskto s Piledriver

A6—6400K with

Radeon HD AMD A—Series AMD A6-Series APU for

8470D Processors Deskto 1s Piledriver

AMD-ASeries AMD A6—Series APU for

A6—5400K Processors Deskto 1 s Piledriver

AMD A4-Series APU for

Deskto s Piledriver

AMD A4-Series APU for

Deskto 1 s Piledriver

Exhibit D3
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A4-6320 with

Radeon HD

83 70D

A4-6300

A4-6300B

A4-6300 with

Radeon HD

83 70D

FX-9590

AMD A-Series

Processors

AMD A—Series

Processors

AMD A-Series

Processors

AMD A—Series

Processors

ANID FX-Series

Processors

AMD A4-Series APU for

Deskto u s

AMD A4-Series APU for

Deskto u s

AMD A4-Series APU for

Deskto a 8

AMD A4-Series APU for

Deskto u s

AMD FX 8-Core Black

Edition Processors

uArch

Piledriver
 

FX—93 70

AMD FX-Series

Processors

AMD FX 8-Core Black

Edition Processors Piledriver

———-Wraith cooler Processors Edition Processors Piledriver

—-Edition Processors Piledriver

—-La u to u s Steamroller

—-Edition Processors Piledriver

—--
Processors Laptops Steamroller

AMD —-Edition Processors Piledriver

FX-8370E

AlO—7400P with

Radeon R6

Gra hics

FX-83 70

AlO-7300 with

Radeon R6

Graphics

FX—8350 with

Wraith cooler

AMD FX-Series AMD FX 8-Core Black

FX-8350 Processors Edition Processors Piledriver

FX-8320E

ANID FX-Series

Processors

A-Sen'es

Processors

AMD FX-Series

Processors

FX-Series

Processors

AMD FX—Series

Processors —-Edition Processors Piledriver

———-FX-8320 Processors Edition Processors Piledriver

—_—-FX—83 10 Processors Edition Processors Piledriver

_——-FX-8300 Processors Edition Processors Piledriver

———-FX-8 1 7O Processors Bulldozer

_——-FX-8 150 Processors Edition Processors Bulldozer

FX—8140 AMD FX-Series —Bulldozer
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Model Family Line uArch

—Processors —_

———-FX—8 120 Processors Edition Processors Bulldozer

———-FX—8 100 Processors Bulldozer

Wraith cooler Processors Edition Processors Piledriver

A4-4020 Processors Deskto us Piledriver

AMD A-Series AMD A4-Series APU for

A4—4000 Processors Deskto - s Piledriver

A8-7200P with

Radeon R5 AMD A—Series AMD A8-Series APU for

Gra hics Processors La “0 5

AMD FX 6-Core Black

Edition Processors Piledriver

Piledriver

FX-6350

A8-7 l 00 with

Radeon R5 AMD A-Seiies AMD A8-Series APU for

Gra hics Processors La - to u s Steamroller

AMD FX 6-Core Black

Edition Processors

AMD FX 6-Core Black

Edition Processors

7-?3E3UES?”2°
53U)

EU Q§3

PiledriverFX—6300 ”U-8(D32m

FX-6200 Bulldozer

FX-6130 Processors Bulldozer

AMD FX-Series

FX-6120 Bulldozer

AMD FX-Series AMD FX 6-Core Black

Edition Processors Bulldozer

AMD FX-Series AMD FX 4-Core Black -FX—4350 Processors Edition Processors Piledriver

_AMD FX-Series AMD FX 4-Core Black -FX-4320 Processors Edition Processors Piledriver

———-FX-4300 Processors Edition Processors Piledriver

_AMD FX-Series AMD FX 4—Core Black -FX-4 1 7O Processors Edition Processors Bulldozer

———-FX—4150 Processors Bulldozer

FX—4 l 30 Processors Edition Processors Bulldozer

———-FX-4120 Processors Bulldozer

Exhibit D3 -8—
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m——-
AMDFX-Series AMD FX 4-Core Black

FX-4100 Processors Edition Processors Bulldozer

Radeon R5 AMD A-Series AMD A6-Series APU for

Gra hics Processors La to u s Excavator

A6-7000 with

Gra 1 hics Processors La 1 to IS Steamroller

A6—5350M with

8450G Processors La to s Piledrive1

A10—8700P with

Radeon R6 AIvIDA-Series AMD AlO-Series APU f01

Gla - hicsAMD Processors Excavator_——-Athlon X4 970 Athlon Processors AMD Athlon X4 Excavator

A8-8600P with

Radeon R6 AMDA-Series AMD A8-Series APU for

Gra hicsAMD Processors Excavator
_——-Athlon X4 950 Athlon Processors AMD Athlon X4 Excavator

_——-Athlon X4 940 AMD Athlon Processors AMD Athlon X4 Excavator

A6—8500P with

Radeon R5 AMDA-Series AMD A6-Series APU for

Gla hics Processms Excavator

AMD Athlon Processors AMD Athlon X4

ANID Athlon Processors Ah/[D Athlon X4

Silent Thennal

Solution AIVID Athlon Processors AMD Athlon X4 Steamroller

870K with Near

Solution AIVID Athlon Processors AMD Athlon X4 Steamroller

860K AMD Athlon Processors AMD Athlon x4

AlO-6800B with AMD Business Class - Quad-
Radeon HD AMD A-Series Core AlO-Sen'es APU for

8670D Processors Deskto o s Piledrivei

Silent Thelmal

Solution AlVlD Athlon Processors AMD Athlon X4 Steamroller

Radeon HD Processors Core AlO-Series APU for Piledrivei

Exhibit D3 -9-

 
0234



0235

m——-

AMD Athlon Processors AMD Athlon X4

845 with Near

Silent Thermal

Solution AMD Athlon Processors AMD Athlon X4 Excavator

A8-6500B with AMD Business Class - Quad-
Radeon 1-H) AMD A—Series Core A8—Series APU for

8570D Processors Deskto 1 s Piledriver

760K Athlon Processors AMD Athlon X4

Athlon Processors AIvID Athlon X4

A6-6420B with AMD Business Class - Dual-

Radeon 1-H) AMD A—Series Core A6-Series APU for

8470D Pr—ocessors Deskto 1 s Piledriver750K AMDA_hlonProcessors Ah/[D Athlon X4
A6-6400B with AMD Business Class - Dual-

Radeon HD AMD-ASeries Core A6-Series APU for

8470D Processors Deskto 1s PiledriverAMDAthlon x4

__—-6386 SE AMD. 1teron Processor Piledriver

__—-63 80 ANIDO 1teron Processor Piledrive1

A10 PRO-78503

with Radeon R7 AMDPRO A—Series AMD PRO A—Series A10 APU

Gra 1hics Processors for Deskto 1s Steamroller

__—-63 78 AMD. 1teron Processor Piledrive1

—_—-6376 AlVIDO 1'te10n Processor Piledrive1

A10 PRO-7800B

with Radeon R7 AMDPRO A—Series AMD PRO A-Series A10 APU

Gra hics Processors for Deskt01s Steamrollel

A8 PRO-7600B

with Radeon R7 AMDPRO A-Series AMD PRO A-Series A8 APU

Gra1hics Processors for Deskto us Steamrollel

AMD Opteron 6300 Series
63 70F 01 teron Plocessor Piledrive1

A6 PRO-7400B

with Radeon R5 AMDPRO A—Series AMI) PRO A—Series A6 APU

Gra1hics Processors for Deskt01s Steamroller

AMD Opteron 6300 Series
6366 HE AMD 0 teron Processor Piledriver

Exhibit D3 -10-
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A4 PRO—7350B

with Radeon R5

Gra I hics

i6348

A4 PRO-7300B

with Radeon HD

8470D

6344

A10 PRO-73503

with Radeon R6

Gra hics

6338P

6328

A8 PRO-71 50B

with Radeon R5

Gra hics

63 20

A6 PRO-7050B

with Radeon R4

Gra .hics

6308

6287 SE

6284 SE

FX-7600P with

Radeon R7

Gra s hics

6282 SE

FX—7500 with

Radeon R7

Gra s hics

6278

6276

AIVID PRO A-Series

Processors

0 uteron

PRO A-SeriesE

:98a:a.9,m

0 teron

PRO A-Sen'esE

a?
O (D

I3:
9.(/2

O n teron

O uteron

%%
PRO A-Series

L?8ma.9,a:

O teron

PRO A—SeiiesE

53%?
EU >73ga8

”UH

gg
(Ds3(I:

. teron

EFX-Series

Processors

0 uteron

 
ii

0 uteron

 

uArch

AMD PRO A-Series A4 APU

for Deskto s Steamroller

AMD Opteron 6300 Series
Processor Piledriver

AMD PRO A—Series A4 APU

for Deskto n s Piledriver

AMD Opteron 6300 Series
Processor Piledriver

AMD PRO A-Sen'es A10 APU

for La .to s Steamroller

—-Processor Piledriver

—-Processor Piledriver

AMD PRO A—Series A8 APU

for La tos Steamroller

AMD Opteron 6300 Series
Processor Piledriver

AMD PRO A-Sen'es A6 APU

for La .to s

AMD Opteron 6300 Series
Processor

AMD Opteron 6200 Series
Processor

Alvfl) Opteron 6200 Series
Processor

Steamroller

Piledriver

Bulldozer

Bulldozer

AMD FX-Series Processors for

La to s Steamroller

AMD Opteron 6200 Series
Processor Bulldozer

AMD FX-Series Processors for

La u to n s Steamroller

AMD Opteron 6200 Series
Processor

AMD Opteron 6200 Series
Processor

Bulldozer

Bulldozer
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“-
AMD FX-Series AMD FX-Series Processors for

Processors AIOs

__AM” 0"”“162‘”6274 AlVID O teron Processor

__AMD 0”“ 62"“6272 s teron Processor

FX-8800P with

Radeon R7

Gra . hics

6262 HE AMD 0 n teron
AMD Opteron 6200 Series
Processor

6230 HE Opteron Processor

6238 0 nteron Processor

__—-6234 0 teron Processor Bulldozer

__—-6220 Al\/ID O teron Processor Bulldozer

—_—-6212 AMD 0 teron Processor Bulldozer

—_—-6204 AMD 0 teron Processor Bulldozer

—_—-4386 AMD 0 teron Processor Piledriver

__—-43GK HE AMD I teron Processor Piledriver

__—-4376 HE AlVID 0 teron Processor Piledriver

__—-4365 AMD 0 Iteron Processor Piledriver

_——-4340 AMD 0 teron Processor Piledriver

__—-4334 AlVfl) 0 teron Processor Piledriver

__—-4332 HE AMD I teron Processor Piledriver

__—-43CX EE AMD 0 teron Processor Piledriver

4310 EE

4284

4280

4276 HE

O a teron

O teron

O teron

O I teron

AMD Opteron 4300 Series
Processor

AMD Opteron 4200 Series
Processor

AMD Opteron 4200 Series
Processor

AMD 0 teron 4200 Series
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Bulldozer

Bulldozer

Bulldozer

Bulldozer

Bulldozer

Piledriver

Bulldozer

Bulldozer

Bulldozer
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Model Family Line uArch

——Processor _

__—-4274 HE AMD 0 teron Processor Bulldozer

__—-42MX EE AMD 0 teron Processor Bulldozer

_——-4256 EE AMD 0 teron Processor Bulldozer

AMD Opteron 4200 Series

AMD Opteron Processor Bulldozer

AMD Opteron 4200 Series
ANID 0 teron Processor Bulldozer

__—-4234 ANID O teron Processor Bulldozer

__—-4230 HE AMD 0 teron Processor Bulldozer

—_—-4228 HE AMD 0 teron Processor Bulldozer

—_—-4226 ANID 0 teron Processor Bulldozer

—_—-42DX EE AMD 0 teron Processor Bulldozer

—-3380 O teron Processor Piledriver

AMD Opteron 3300 Series
3365 O teron Processor Piledriver

AMD Opteron 3300 Series
3350 HE O teron Processor Piledriver

AMD Opteron 3300 Series
3320 EE 0 teron Processor Piledriver

AMD Opteron 3200 Series
3280 O : terou Processor Bulldozer

AMD Opteron 3200 Series
3260 HE O u teron Processor Bulldozer

AMD Opteron 3200 Series
3250 HE O n teron Processor Bulldozer

———-RX-421ND Series Processors R-Series SOC Excavator

———-RX-421BD Series Processors R-Series SOC Excavator

———-RX-418GD Series Processors R-Selies SOC Excavator

———-RX-416GD Series Processors R-Series SOC Excavator

Exhibit D3 -13-
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m-—-
———-RX-216TD Series Processors R-Series SOC Excavator

_——-RX-216GD Series Processors R-Seiies SOC Excavator

———-RX-427NB Series Processors 2nd Generation R-Series APU Steamroller

AMD Embedded R-

_——-RX-425BB Series Processors 2nd Generation R-Series APU Steamroller

AMD Embedded R-

AND) Embedded R-

RX—219NB Series Processors 2nd Generation R—Series APU Steamroller

AMD Embedded G— 3rd Generation G—Series SOC

GX-224IJ Series Processors J Family Excavator

AMD Embedded G- 3rd Generation G-Selies SOC

GX-2 l 5]] Series Processors J Famil Excavator

AMD Embedded G- 3rd Generation G—Series SOC I

GX-2 l 761 Series Processors Famil Excavator

AMD Embedded G-

GX—4ZOGI Series Processors

AMD Embedded G-

GX—2 12JJ Series Processors

AMD Embedded G-

GX-ZZOIJ Series Processors

AMD Embedded R-

R-252F Series Processors Piledriver

60H———-R- Series Processors Piledriver

_——-R-268D Series Processors Piledriver

———-R-272F Series Processors Piledriver

———-R-452L Series Processors Piledriver

———-R-460H Series Processors Piledriver

———-R—460L Series Processors Piledriver

Exhibit D3 -14—
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AlO-5750M

AMD Embedded R-

Series Processors

AMD 0 teron

AMD 0 teron

AMD 0 teron

AMD A-Sen'es

Processors

 

AMD Operton X3000-series

AlVfl) Opelton X3000-series

AMD Operton X3000-series

Piledriver

Excavator

Excavator

Excavator

Piledriver 

Al 0-4600M

A8-5550M

A8-4500M

AMD A-Series

Processors

AMD A—Sen'es

Processors

AMD A-Series

Processors

Piledriver

—-
—-

Processors

Processors

A4—5150M

A4-4300M

A10—5757M

AlO-S745M

A10-4655M

A8-5557M

A8-5545M

A6-5357M

A6—5345M

A6—4455M

A-Series

A-Series

Processors

AMD A—Series

Processors

A-Series

Processors

A-Series

Processors

A-Series

Processors

A-Series

Processors

AMD A-Series

Processors

AMD A-Series

Processors

AMD A-Sen'es

Processors

Piledriver

Piledriver

Piledriver

Piledriver

Piledriver

—-
Processors

—-
—-
—-

A4-5145M ———
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—Processors —_

Processors

Athlon XZ 450 AMD Athlon Processors —_
 
Athlon X4 830 Al\/ID Athlon Processors Steamroller

Athlon X4 840 AMD Athlon Processors Steamroller

Athlon X4 860K AMD Athlon Processors ——
Athlon X4 870K AMD Athlon Processors —_
Athlon X4 880K AMD Athlon Processors —_
Athlon X4 835 AMD Athlon Processors ——

Athlon x4 845 AMD Athlon Processors ——
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Exhibit D.4 - Preliminar Accused Product Identification for ’519 Patent —

AMD 16h Product Family

 

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

m
R4 Gia hics Processors Deskto s

A6-5200 with Radeon AMDA6-Series APU for _HD 8400 ProAMcDessors Deskto OS Ja ar

HD 8330 Processors Deskto os Ja ar_—__
HD 8330 Processors Deskto os Ja - ar

mRadeon R6 Gra hics Processors for La to a 5 Ja- .

_——lslA6 Micro 6500T Processors Ja

mR5 Gra uhics Processors La oto 3

A8—6410 with Radeon AMDA-Series AMD—A8Series APU for

R4 Grahics Processors LaAM;)HOS Jav1ar+
R4 Grahics Processors LaAMijnoos Ja- lar+

HD 8400 Processors Lauotos Ja lar

-—Il—l-R3 Grahics ProAMcDessors La-otAMDos Ja' iar+
Radeon R3 Gia hics Processors La to s

MR3 Granhics ProAMcDessors Lao-tos Ja . +

HD 8330 Processors La to 5 Ja -

A4-5000 with Radeon ANIDA-Series

HD 8330 Processors LaANnID-tos Jailar
—_—I-
A4-6250J Processors Ja 1211+
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——_A6 6310 Processors Ja 1ar+

_——_R5 Grahics Processors AIOs Ja- 1ar+

R4 Gra h1cs Processors AIOs Ja' lar+

R3 Graphics Processors AIOs Jaguarl-

__——X1 150 AMD. teron Series Processors Ja -

A4 PRO-33503 with AMDPRO A-Series —ERadeon R4 Gra hics Processors APUAMDfor La to a 5
A4 PRO-3340B with

Radeon HD 8240 AMD PRO A-Series AMD PRO A-Series A4

Gra hics Processors APU for La tos Ja r

Athlon 53 70 APU with AMD Athlon Quad-Core
Radeon R3 Series AMD Athlon Processors APU

Athlon 5350 APU with ANID Athlon Quad-Core
Radeon R3 Series AMD Athlon Processors APU

Radeon R3 Selies AMDAthlon Processors APAMUD
——_l-
with Radeon R3 Series AMDSe I Il'Oll Core APU

———_with Radeon R3 Series AMD Sen r011 APU Ja-l 1ar

____R2 Gra hics Processors La-otos Ja_ 1ar+

_-__R2 Gra hics Processors La-otos Ja 1ar+

_——-R2 Graphics Processors Laptops Jaguarl-

_—lI-I1IHD 8280 Processors La to 3 Ja r

mHD 8280 Processors La oto s Ja- r

w
R2 Gra hics Processors
UR2 Gra hics Processors La to s

Radeon R2 Gra hics Processors La to s Ja- 1ar+

R2 Grahics Processors Lauutos Ja lar+
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_l-El 6015 Processors La nto 3 Ja- 1ar+

____HD 8240 Processors La to 5 Ja ar

_-__HD 8210 Processors La to s Ja lar

El-2100 with Radeon AMD E-Series AMD El-Series APU for

_——_R2 Gra hics Processors Ja

__2$__AMD. teron X2170 AMD. teron Series APU Ja-

____AMD. teron Series APU

GX-424CC SerANiDes Processors SOC Ja . afi-

GX-420MC Series Processors SOC Ja 1ar+

GX-412TC Series Processors SOC Ja 1ar+

GX—412HC Series Processors SOC Ja ' uar+

GX-410VC Series Processors SOC Ja' lar+

GX—224PC Series Processors SOC Ja- 1ar+

GX-222GC Series Processors SOC Ja- .

GX-216HC Series Processors SOC Ja - 1ar+

GX-2121C Series Processors SOC Ja - 1ar+

GX-210JC Series Processors SOC Ja - .

GX-420CA Series Processors SOC 13- lar

GX-416RA Series Processors SOC Ja- lar

GX—415GA Series Processors SOC Ja .

GX-4l lGA Series Processors SOC Ja .
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Line

_—_GX-2 l 81F Series Processors SOC Ja at

lst Generation G-Series aGX-217GA Series Processors SOC Ja - r

AMD Embedded G- lst Generation G-Series _GX-210UA Series Processors SOC Ja - rar

GX-ZIOJA Series Processors SOC Ja - ar

GX-ZIOHA Series Processors SOC Ja- r

———GX—209HA Series Processors SOC Ja- rar

GX—208VF Series Processors SOC Ja ar

—__EGX—218GL Series Processors G-Series LX SOC Ja-

———mGX-215GL Series Processors G-Series LX SOC Ja r+

_———GX-210KL Series Processors G-Series LX SOC Ja - ar+

AMD Embedded G—

———uGX-216HC Series Processors Ja- 1+

_———GX—222GC Series Processors Ja - ar+

—_—_GX—424CC Series Processors Ja ', rar+

-_—lgGX-208JL Series Processors Ja 1+

AMD Embedded G-

GX—210HL Series Processors Jaguar+
AMD Embedded G-

GX-2lOJL Series Processors Ja rar+

__—I-A6-l450 Processors Ja‘ rar

_——l-A4—l350 Processors Ja _ rar

_-—nA4-1250 Processors Ja-

A4-1200 Processors Ja -
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m_—-
Pla station 4 APU ——-_
Playstation 4 Slim APU ——_
_——-_
———_
——_m
———_

 

Exhibit D4 -5-

0246



0247

Exhibit D.5 — Preliminar Accused Product Identification for ’519 Patent — 

Products Containing Zen or Zen+ Cores

This identification of products is based on information reasonably available to

Polaris, and was prepared Without the benefit of discovery from AMD. Accordingly,

this chart may not include non-public AMD products such as OEM or custom

products. Aquila reserves the right to modify or supplement its identification of

Accused Products when AMD provides more information.

“—
AMD Athlon AMD Athlon

2406B Processors Gra nhics

AMD Athlon Desktop
AMD Athlon

Processors Gra u hics

AMD Athlon Desktop
AMD Athlon

Processors Gra uhics

AMD Ryzen 7 Mobile
Processors with Radeon RX

Ve - a Gra hics

AMD Ryzen 7 Mobile
Processors with Radeon RX

Vega Graphics

AMD Ryzen 5 Mobile

Processors with Radeon Vega

AMD Athlon

2206B

AMD Athlon

2006B

AMD Ryzen 7
3750H

AMD Ryzen 7
3 700U

AMD Ryzen 5
3550H

AMD Ryzen 5
3500U

AMD Ryzen 3
3 3OOU

AlVfl) Ryzen 3
3200U

AMD Athlon

300U

AMD Ryzen

Threadripper
2990WX

AMD Ryzen
Threadri n er

AMD Ryzen
Processors

AMD Ryzen
Processors

AMD Ryzen
Processors

AMD Ryzen
Processors

AMD Ryzen
Processors

AMD Ryzen
Processors

AMD Athlon

Processors

AMD Ryzen
Processors

AMD Ryzen
Processors

Line

AMD Athlon Desktop

Processors with Radeon Vega

Processors with Radeon Vega

Processors with Radeon Vega

Gra hics

AMD Ryzen 5 Mobile

Processors with Radeon Vega
Gra hics

AMD Ryzen 3 Mobile

Processors with Radeon Vega
Gra hics

AMD Ryzen 3 Mobile

Processors with Radeon Vega
Gra - hics

AMD Athlon Mobile

Processors with Radeon Vega
Gra nhics

Zen

Zen

Zen

Zen

AMD Ryzen Threadripper
Processors Zen+

AMD Ryzen Threadripper
Processors Zen+
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m_m m-
_970WXA” -=-Threadrippe1AMDRyzen AMD Ryzen Threadrlppel
2950X Processors Processors Zen+

AM” -_-Threadripper AMD Ryzen AMD Ryzen Threadripper
2920X Processors Processors Zen+

AMD _—-2700X Processors Processors Zen+

———-2700 Processors Processors Zen+

———-2700E Processor Processors Processors Zen+

__—-2600X Processors Processors Zen+

__—-2600 Processors Processors Zen+

__—-2600E Processors Processors Zen+

———-2500X Processors Processors Zen+

AMD Ryzen 5

24006 with AMD Ryzen 5 Desktop

Radeon RX Vega AMD Ryzen Processors with Radeon Vega

11 Graphics Processors Graphics

AMD Ryzen 5

2400GE with AMD Ryzen 5 Desktop

Radeon RX Vega AMD Ryzen Processors with Radeon Vega
11 Grauhics Processors Gra uhics

AMDRyzen 3 AMDRyzen AMD Ryzen 3 Desktop
2300X Processors Processors Zen+

AMD Ryzen 3

22006 with AMD Ryzen 3 Desktop

Radeon Vega 8 AMD Ryzen Processors with Radeon Vega
Gra 1 hics Processors Gra 1 hics

AMD Ryzen 3

ZZOOGE with AMD Ryzen 3 Desktop

Radeon Vega 8 AMD Ryzen Processors with Radeon Vega
Gra 1 hics Processors Gra 1h1'cs Zen

AMD Ryzen 7 Mobile

ANID Ryzen 7 AMD Ryzen Processors with Radeon RX
2800H Processors Ve - a Gra1hics Zen

__—-2600H Processors Processors with Radeon Ve {a Zen
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m—— «m
———

AMD Ryzen 7 Mobile

Ryzen 7 Processors with Radeon RX
2700U Processors Ve - a Gra hics

AMD Ryzen 5 Mobile

Ryzen 5 Ryzen Processors with Radeon Vega
2500U Processors Gra IlliCS

-AMD Ryzen 3 MobileRyzen 3 Ryzen Processors with Radeon Vega
2300U Processors Gra I hics

AMD Ryzen 3 Mobile

Ryzen 3 Processors with Radeon Vega
2200U Processors Gra - hics

Ryzen

1950X Processors Processors

Threadripper Ryzen AMD Ryzen Threadripper
1920X Processors Processors

Threadripper Ryzen AMD Ryzen Threadripper
1900X Processors Processors

18 X Processors Processors

1 Processors Processors

1700 Processor Processors Processors

16 Processors Processors

1 Processors Processors

1 5 ocessors Processors

1 ocessors Processors

1 X Processors Processors

Ryzen 3 Ryzen AMD Ryzen 3 Desktop
12 ‘ocessors Processors

Ryzen 7 Ryzen PRO AMD Ryzen 7 PRO Desktop
PRO 2700X Processors Processors

R en PRO AMD R zen 7 PRO Deskto z

Zen

en

en

en

en

en

en

en

en

en

en

en

en

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

 
a?5D++
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m——-
PRO 2700 Processors —_
AMD Ryzen 7

PRO 1700X AMD Ryzen PRO AMD Ryzen 7 PRO Desktop
Processor Processors Processors

AMD Ryzen 7 AMI) Ryzen PRO AMD Ryzen 7 PRO Desktop
PRO 1700 Processors Processors

AMD Ryzen 5 AMD Ryzen PRO AMD Ryzen 5 PRO Desktop
PRO 2600 Processors Processors Zen+

PRO 1600 Processors Processors

PRO 1500 Processors Processors

AMD Ryzen 7 PRO Mobile

AMD Ryzen 7 ANID Ryzen PRO Processors with Radeon Vega

 

PRO 2700U Processors Grahjcs

AMD Ryzen 5

PRO 2400G with AMD Ryzen 5 PRO Desktop

Radeon Vega ll ANID Ryzen PRO Processors with Radeon Vega
Gra u hics Processors Gra uhics

AMD Ryzen 3 AMD Ryzen PRO AMD Ryzen 3 PRO Desktop
PRO 1300 Processors Processors

AMD Ryzen 5 PRO Mobile

AMD Ryzen 5 AMD Ryzen PRO Processors with Radeon Vega
PRO 2500U Processors Gra hics

AMD Ryzen 3

PRO 2200GE with AMD Ryzen 3 PRO Desktop

Radeon Vega 8 AMD Ryzen PRO Processors with Radeon Vega
Gra n hics Processors Gra u hics

AMD Ryzen 3 ANID Ryzen PRO AIvfl) Ryzen 3 PRO Desktop
PRO 1200 Processors Processors

AMD Ryzen 3 PRO Mobile

AlVfl) Ryzen 3 AMD Ryzen PRO Processors with Radeon Vega
PRO 2300U Processors Gra-hics

AMD EPYC 7601 AMD EPYC AMD EPYC 7000 Series

AMD EPYC

7551P AMD EPYC ANID EPYC 7000 Series Z

Z

Z

Z

Z

Z

Z

PRO 24OOGE with AMD Ryzen 5 PRO Desktop

Radeon Vega 11 AMD Ryzen PRO Processors with Radeon Vega
Gra - hics Processors Gra nhics Zen

Z

Z

Z

Z

Z

Z

PRO 22006 with AMD Ryzen 3 PRO Desktop

Radeon Vega 8 AMD Ryzen PRO Processors with Radeon Vega
Gra hics Processors Gra nhics 

en

en

en

en

en

en

en

en

en

en

en

en

en

en
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EPYC 7551

EPYC 7501

EPYC 7451

EPYC

7401 P

EPYC 7401

EPYC

7351P

EPYC 7351

EPYC 7301

EPYC 7281

EPYC 7261

EPYC 7251

Athlon

240GB

Athlon

220GB

Athlon

OOGE

Athlon PRO

OOGE

EPYC

mbedded 3251

EPYC

Embedded 3201

EPYC

Embedded 3 151

EPYC

Embedded 3 101

Ryzen
Embedded

 

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD EPYC 7000 Series

EPYC AMD EPYC 7000 Seiies

EPYC

EPYC

EPYC

EPYC

EPYC

EPYC

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD EPYC 7000 Series

AMD Athlon Desktop

AMD Athlon Processors with Radeon Vega
‘ Gra nhics

AMD Athlon Desktop

AMD Athlon Processors with Radeon Vega
Gra nhics

AMD Athlon Desktop

'Iiiiiiiiiifii
E Athlon Processors with Radeon Vega

‘ Gra hics

AMD Athlon PRO Desktop

Athlon PRO Processors with Radeon Vega
ocessors Gra u hics

EPYC

Embedded Processors EPYC Embedded SOC

EPYC

:9oO('DU){I}CIn CD

5%
g

E

EPYC Embedded SOCE”eraG.(Da. "a“O(D(I) V)9as

EEPYC

EPYC Embedded SOC

g?
Cfa8‘CL 5"O(Dma2M

EPYC

EPYC Embedded SOC

35‘
Cr8%CL "3"GGaaa9co

Ryzen
Embedded V-series

V-Series V1000

V—Series V1000

Processors V—Series V1000
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Model

Alvfl) Ryzen
Embedded

V1202B

V1202B

V1605B

V1756B

V1807B

3101

3151

3201

3251

3301

3351

3401

3451

Family

AMD Ryzen
Embedded V-series

Processors

R zen Embedded

R zen Embedded

Ryzen Embedded

Ryzen Embedded

Epyc Embedded
E n c Embedded

E n c Embedded

Epyc Embedded

Epyc Embedded

Epyc Embedded
E c Embedded

E c Embedded

Line

V-Series V1000

——

——
—_
——
—_
——

—_

—_

——
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