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U.S. Patent No. 8,549,339 (“°339 Patent”)

Accused Products: Qualcomm’s products comprising one or more SoC each comprising two or more sets of processors
implementing or based on the DynamlQ Shared Unit architecture or big. LITTLE architecture, including without limitation: SM4250-
AA (Snapdragon 460), SM4350 (Snapdragon 480), SM4350-AC (Snapdragon 480+), SM4375 (Snapdragon 4 Gen 1), SM4450
(Snapdragon 4 Gen 2, Snapdragon 4 Gen 2 Accelerated Edition), SM4635 (Snapdragon 4s Gen 2), DM630 (Snapdragon 630), SDM632
(Snapdragon 632), SDM636 (Snapdragon 636), MSM8956 (Snapdragon 650), MSM8976 (Snapdragon 652), MSM8976 Pro
(Snapdragon 653), SDM660/SDA660 (Snapdragon 660), SM6115 (Snapdragon 662), SM6125 (Snapdragon 665), SDM670
(Snapdragon 670), SM6150 (Snapdragon 675), SM6150-AC (Snapdragon 678), SM6225 (Snapdragon 680), SM6225-AD (Snapdragon
685), SM6350 (Snapdragon 690), SM6375 (Snapdragon 695), SM6450 (Snapdragon 6 Gen 1), SM6115-AC (Snapdragon 6s Gen 1),
SM6475-AB (Snapdragon 6 Gen 3), SM6375-AC (Snapdragon 6s Gen 3), SDM710 (Snapdragon 710), SDM712 (Snapdragon 712),
SM7125 (Snapdragon 720G), SM7150-AA, (Snapdragon 730), SM7150-AB (Snapdragon 730G), SM7150-AC (Snapdragon 732QG),
SM7225 (Snapdragon 750G), SM7325 (Snapdragon 778G), SM7325-AE (Snapdragon 778G+), SM7350-AB (Snapdragon 780G),
SM7325-AF (Snapdragon 782G), SM7435-AB (Snapdragon 7s Gen 2), SM7550-AB (Snapdragon 7 Gen 3), SM7675-AB (Snapdragon
7+ Gen 3), SM7635 (Snapdragon 7s Gen 3), MSM8992 (Snapdragon 808), MSM8994 (Snapdragon 810), MSM8994v2 (Snapdragon
810), MSM8994v2.1 (Snapdragon 810), MSMS8996Lite (Snapdragon 820), MSM8996 (Snapdragon 820), MSM8996Pro-AB
(Snapdragon 821), MSM8996Pro-AC (Snapdragon 821), MSM8998 (Snapdragon 835), SDM845 (Snapdragon 845), SM&150
(Snapdragon 855), SM8150-AC (Snapdragon 855+), SM8150-AC (Snapdragon 860), SM8150P (Snapdragon 855+), SM&250
(Snapdragon 865), SM8250-AB (Snapdragon 865+), SM8250-AC (Snapdragon 870), SM8350 (Snapdragon 888), SM8350-AC
(Snapdragon 888+), SM8450 (Snapdragon 8 Gen 1), SM8475 (Snapdragon 8+ Gen 1), SM8425-100-AC (Snapdragon 8+ Gen 1 4G),
SM8550-AB (Snapdragon 8 Gen 2), SM8550-AC (Snapdragon 8 Gen 2 for Galaxy), SM8650-AB (Snapdragon 8 Gen 3), SM8650-AC
(Snapdragon 8 Gen 3 for Galaxy), SM8635 (Snapdragon 8s Gen 3), MSM8998 (Snapdragon 835 Mobile PC Platform), SDM8&50
(Snapdragon 850 Mobile Compute Platform), SC7180 (Snapdragon 7c), SC7180P (Snapdragon 7¢ Gen 2), SC7280 (Snapdragon 7c+
Gen 3), SC8180 (Snapdragon 8c), SC8180X (Snapdragon 8cx), SC8180XP (Snapdragon 8cx Gen 2), SC8280 (Snapdragon 8cx Gen 3),
MSM8996AU (Snapdragon 820A), SA6155P, SA8155P (Snapdragon 855A), SA8195P, SA8255P, SA8295P, APQ8094 (Snapdragon
810E), APQ8096 (Snapdragon 820E), QCS603, QCS605, XR1, XR2, XR2+ Gen 1, XR2 Gen 2, XR2+ Gen 2, G3x Gen 1, G3x Gen 2,
SQI1, SQ2, and SQ3.

Each Accused Product infringes the claims in substantially the same way, and the evidence shown in this chart is similarly
applicable to each Accused Product. For example, each Accused Product includes a DynamIQ Shared Unit or big. LITTLE architecture
and, on information and belief, implements substantially the same architectural features described in the reference documentation cited
in this chart. Thus, the descriptions and evidence below relating to the Snapdragon 8 Gen 2 Octa-Core and Snapdragon 835 Mobile
Platform representative products are similarly applicable to the remaining Accused Products listed above (for DynamIQ and big. LITTLE
architectures respectively). Each claim limitation is literally infringed by each Accused Product. However, to the extent any claim
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limitation is not met literally, it is nonetheless met under the doctrine of equivalents because the differences between the claim limitation
and each Accused Product would be insubstantial, and each Accused Product performs substantially the same function, in substantially

the same way, to achieve the same result as the claimed invention. Notably, Qualcomm has not yet articulated which, if any, particular
claim limitations it believes are not met by the Accused Products

Claim 1

Claim 1 Accused Products

[1pre] 1. A multi-core To the extent the preamble is limiting, each Accused Product comprises a multi-core processor.

PTOCESSOT, COMmPTISIg: For example, Snapdragon 8 Gen 2 Octa-Core processor, designated QCS8550 with die code name

Kailua, see Defendants’ Objections and Responses to Redstone Logics LLC’s First Set of
Interrogatories Nos. 1-15 (“ROG Responses™) at 15, contains eight cores implementing the ARM
DynamlIQ Shared Unit-110 architecture. In a further example, the Snapdragon 835 Mobile
Platform contains eight cores implementing the ARM big.LITTLE architecture.

See, e.g.:
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Claim 1 Accused Products

Snapdragon 8 Gen 2 (2023) [edit]

The Snapdragon 8 Gen 2 was announced on November 15, 2022.[252]

Notable features over its predecessor (8 Gen 1):

e 4nm (TSMC N4) process
e Support up to 16 GB LPDDR5X 4200 MHz
e Support UFS 4.0
e CPU features
* 1 Kryo Prime (ARM Cortex-X3), up to 3.36 GHz. Prime core
e 1MB L2 cache
e Only 64-bit support (253]
® 2 Kryo Gold (ARM Cortex-A715), up to 2.8 GHz. High Performance cores
e Only 64-bit support [25°]
¢ 2 Kryo Gold (ARM Cortex-A710), up to 2.8 GHz. Performance cores
o 32-bit and 64-bit support!2>3]
¢ 3 Kryo Silver (ARM Cortex-A510), up to 2 GHz. Efficiency cores
e 32-bit and 64-bit support!2>3!
* 35% performance uplift and 40% power efficiency improvement
¢ 8 MB system-level cache
https://en.wikipedia.org/wiki/List of Qualcomm_Snapdragon_systems _on_chips#Snapdragon 8

Gen_2 (2023)



https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_8_Gen_2_(2023)
https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_8_Gen_2_(2023)
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Claim 1 Accused Products
Product L.
Model number Fab Die size CPU
Name
4 + 4 cores
10 nm Kryo 280
Snapdragon | FIinFET 72.3 2.45 GHz
MSM8998!246! bred » :
835 (Samsung | mm Cortex-A73 +
10LPE) 1.9 GHz
Cortex-A53)
https://en.wikipedia.org/wiki/List of Qualcomm_Snapdragon_systems on_chips#Snapdragon_ 80
0_series (2013%E2%80%932021)



https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_800_series_(2013%E2%80%932021)
https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_800_series_(2013%E2%80%932021)
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Claim 1 Accused Products

DynamlQ Shared Unit-110

First DynamIQ Shared Unit of the Armv? generation, up to 12 cores
supported, up to 16MB L3, and enhanced power management
features.

Supporting:

e Cortex-X3
e Cortex-X2

https://www.arm.com/technologies/dynamiq



https://www.arm.com/technologies/dynamiq
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Claim 1 Accused Products

Figure 2-2: Example configuration with two Cortex®-A510 single-core complexes

DynamIQ cluster

Cortex-A510 complex 0

Cortex-A510 core 0

Dedicated logic

L2 TLB

VPU %) <—External memory interface=p-
cache DynamiQ <4+—Interrupt interface=—p-
cluster Power management and
Cortex-A510 complex 1 shared <- clock control
logic | g4—Design for Test (DFT)—p
Cortex-A510 core 1 .
<4—CoreSight infrastructure=—p-
Dedicated logic < Utility bu »
L2 TLB
VPU 2
cache

Arm Cortex-A510 Core Technical Reference Manual at p. 23

Our initial testing shows that Snapdragon 835’s Kryo 280 CPU is an octa-core, big.LITTLE configuration with
four semi-custom A73 “performance” cores and four semi-custom A53 “efficiency” cores. Kryo 280’s
performance cores are pretty much equivalent to Kirin 960’s A73 cores in both integer and floating-point IPC,
but comparing them to Snapdragon 820’s Kryo CPU shows mixed results: integer IPC improves but floating-
point regresses.

https://www.anandtech.com/show/11201/qualcomm-snapdragon-835-performance-preview/6



https://www.anandtech.com/show/11201/qualcomm-snapdragon-835-performance-preview/6
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Claim 1

Accused Products

1.2 Document scope

Cortex*-A7.

Cortex"-A15.
Cortex™-A17.
Cortex*-AS53.
Cortex*-A57.
Cortex*-A72.
Cortex*-A73.

This application note focuses on the following processors and highlights important issues when
powering up or powering down processor cores and clusters on an SoC.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/

21 ARM?® big.LITTLE" system example

A big LITTLE system uses two different types of cores that are combined in a coherent system.
big cores are designed for high performance while LITTLE cores are designed for high energy
efficiency. The big cores are used for resource-intensive software threads, and energy-efficient
LITTLE cores handle low-intensity software threads that use fewer compute resources. The
result is high energy efficiency and high performance.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/



https://developer.arm.com/documentation/dai0424/a/
https://developer.arm.com/documentation/dai0424/a/
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Claim 1

Accused Products

STANDBYWFI/STANDBYWFIL2

SPIs
nFIQOUT

nIRQOUT Control signals

Interrupt Controller

nlRQ/nFIQ/ nlRQ/nFIQ/
nVFIQ/nVIQ nVFIQ/nVIQ

STANDBYWFI/STANDBYWFIL

Domain Bridge (slave)
Domain Bridge (master)

Domain Bridge (slave)
Domain Bridge (master)

ACE

ACE

ACE-LITE

Figure 2-1 A typical big.LITTLE system

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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Claim 1

Accused Products

[1a] a first set of processor
cores of the multi-core
processor, wherein each
processor core from the first
set of processor cores is
configured to dynamically
receive a first supply voltage
and a first output clock signal
of a first phase lock loop
(PLL) having a first clock
signal as input;

Each Accused Product comprises a first set of processor cores of the multi-core processor,
wherein each processor core from the first set of processor cores is configured to dynamically
receive a first supply voltage and a first output clock signal of a first phase lock loop (PLL) having
a first clock signal as input.

For example, the Snapdragon 8 Gen 2 Octa-Core includes a first set of high efficiency processor
cores (two or more ARM Cortex-A510 cores). The processor cores in the first set receive a
dynamic supply voltage and a first output clock signal of a first PLL having a first clock signal as
input.

For another example, the Snapdragon 835 Mobile Platform includes a first set of high efficiency
processor cores (two or more A53 cores). The processor core(s) in the first set receive a dynamic
supply voltage and a first output clock signal of a first PLL having a first clock signal as input.

ARM documentation for the big. LITTLE and DynamlIQ architectures used in the Accused
Products directly shows that each core cluster receives its own clock domain. At the time the
Accused Products were designed, it was typical to produce this clock using a PLL that has a
corresponding clock input. Furthermore, ARM documentation for an earlier, related device (the
Cortex-A15_ A7 MPCore test chip, which also has independent clock domains for different CPU
clusters) shows each CPU cluster receiving an output clock signal from a PLL having a
corresponding clock signal as input (e.g. from an oscillator).

See, e.g.:
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Claim 1 Accused Products

Snapdragon 8 Gen 2 (2023) [edit]

The Snapdragon 8 Gen 2 was announced on November 15, 2022.[252]

Notable features over its predecessor (8 Gen 1):

e 4nm (TSMC N4) process
e Support up to 16 GB LPDDR5X 4200 MHz
e Support UFS 4.0
e CPU features
* 1 Kryo Prime (ARM Cortex-X3), up to 3.36 GHz. Prime core
e 1MB L2 cache
e Only 64-bit support (253]
® 2 Kryo Gold (ARM Cortex-A715), up to 2.8 GHz. High Performance cores
e Only 64-bit support [25°]
¢ 2 Kryo Gold (ARM Cortex-A710), up to 2.8 GHz. Performance cores
o 32-bit and 64-bit support!2>3]
¢ 3 Kryo Silver (ARM Cortex-A510), up to 2 GHz. Efficiency cores
e 32-bit and 64-bit support!2>3!
* 35% performance uplift and 40% power efficiency improvement
¢ 8 MB system-level cache
https://en.wikipedia.org/wiki/List of Qualcomm_Snapdragon_systems _on_chips#Snapdragon 8

Gen_2 (2023)

10


https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_8_Gen_2_(2023)
https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_8_Gen_2_(2023)
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Claim 1 Accused Products
Product L.
Model number Fab Die size CPU
Name
4 + 4 cores
10 nm Kryo 280
Snapdragon | FIinFET 72.3 2.45 GHz
MSM8998!246! bred » :
835 (Samsung | mm Cortex-A73 +
10LPE) 1.9 GHz
Cortex-A53)
https://en.wikipedia.org/wiki/List of Qualcomm_Snapdragon_systems on_chips#Snapdragon_ 80
0_series (2013%E2%80%932021)

11


https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_800_series_(2013%E2%80%932021)
https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_800_series_(2013%E2%80%932021)
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Claim 1

Accused Products

Cluster features
The DSU-110 has the following cluster features:

Support for Arm®v9.0-A architecture cores
Support for up to four types of core, and a maximum of 12 cores in the cluster

Power Policy Units (PPUs) providing autonomous power management of the L3 cache and the
cores

Support for cores running independently at different frequencies and voltages known as
Dynamic Voltage Frequency Scaling (DVFS). For cores in a complex, DVFS is only possible for the
whole complex not for individual cores.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual, available at
https://documentation-service.arm.com/static/62bb28beb334256d9¢ea8cc32, at p. 19

A cluster can be configured with up to four different types of cores in the same cluster. Each core
type targeting different power efficiency and performance levels. This arrangement allows for

an intermediate core that has an intermediate performance and efficiency level. The cluster also
supports complexes.

A cluster can be configured in many arrangements. Examples of cluster arrangements are:

One or more cores of the same type.

Various arrangements of two types of cores. For example, one or more cores targeting either a
high-performance level or a higher power efficiency level.

Various arrangements of three or four types of cores. For example, one or more high-
peformance cores, power-efficient cores, and intermediate cores.

One or more complexes and no individual cores. For information on complexes, see 2.3.1 What
is a complex? on page 25.

One or more complexes and individual cores.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 22

12
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Claim 1 Accused Products

DynamlQ cluster

DynamlQ cluster shared logic

[ High efficiency core
[ High performance core

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 23

13
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Claim 1 Accused Products

DynamlQ cluster

--

DynamlQ cluster shared logic

[l High performance core
[l Balanced performance core
[ High efficiency core

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 24

14
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Claim 1

Accused Products

DynamiQ cluster

Complex 0 Complex 1

Shared logic Shared logic

Complex 2 Complex 3

Shared logic Shared logic

DynamIQ cluster shared logic

[B Supported core in complex
Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 24

The DSU-110 DynamIQ™ cluster supports blocks that are called complexes which contain up to
two cores of the same type and some shared logic. Sharing some logic between the two cores of a
dual core complex can make the dual core complex area efficient. However, this area efficiency is at
the cost of reduced performance compared with using two single-core complexes.

Arm® DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 25

15
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Claim 1 Accused Products

The DynamlQ™ Shared Unit-110 (DSU-110) has multiple clock domains. Each core or complex can
be implemented in a separate clock domain.

The following figure shows the clock domains for an example cluster with four standalone cores.

Figure 4-1: DSU-110 clock domains

DynamlQ Shared Unit

DynamlQ Cluster

CPU 0 bridge CPU 1 bridge CPU 2 bridge CPU 3 bridge

L3 memory system
SCU and L3 cache
Snoop filter L
e Trace RAM arrays L3 RAM arrays APB:
funnel t=APB:
Il PPUCLK [0 ATCLK [l COREOCLK to CORE3CLK
[ PERIPHCLK  [] sCLK [] Includes COREXCLK, PERIPHCLK, ATCLK, and SCLK domains

[H GICCLK [ PCLK

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 46

The DynamlQ™ Shared Unit-110 (DSU-110) Power Policy Units (PPUs) control power management
for the Cortex®-A510 core. A Cortex®-A510 complex supports separate gated power domains
for the complex, for each core inside the complex, and for the Vector Processing Unit (VPU). It also
supports a dedicated voltage domain for each complex, and a voltage domain for the DSU-110
DynamIQ™ cluster.

Arm Cortex-A510 Core Technical Reference Manual at p. 39

16
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Claim 1 Accused Products

The cluster contains several clock domains for functionality that is likely to be connected to
different clocks in the system. Within each core, the CPU bridge contains asynchronous bridges fo
all crossings between the core and cluster clock domains. Each CPU bridge is split, with one half
of each bridge in the core clock domain and the other half in the relevant cluster domain. At the
cluster level, there is the Snoop Control Unit (SCU) bridge which contains crossings between the
cluster clock domains as required.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 46

The DynamIQ Shared Unit-110 (DSU-110) has a separate clock signal for each standalone core or complex. There are also separate clocks for the internal logic, and some of the €|

interfaces.

The following table describes the clock signals of the DSU-110.

Table 1. DSU-110 clock signals

Description

The clocks for each of the cores in the cluster that are not part of a complex.

COREyCLK y is the core instance number, for example, COREOCLK is the clock for core O.

These signals clock all core logic, including L1 and L2 caches.

The clocks for each complex in the cluster. Each clock is connected to all cores in the respective complex.

COMPLEXXCLK . . )
x is the complex instance number, for example, COMPLEXOCLK is the clock for complex O.

https://developer.arm.com/documentation/101381/0400/Clocks-and-resets/Clocks-

17
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Claim 1 Accused Products

4.1.1 Input clocks

Input clocks must be provided with a source that is external to, or embedded in, the subsystem.

Table 4-1: Input clocks

Clock Description

REFCLK Main reference clock

The input clock to System Control Processor (SCP) boots coming out of reset. REFCLK also clocks other logic like SCP
generic and watchdog timers.

CPUXPLLCLKN |[CPUxPLLCLKnN is a high-frequency reference clock inputs used for application core PLL, that is, one per core, where n =
0-7.

CLUSOPLLCLKnN |CLUSOPLLCLKn is a high-frequency reference clock inputs used for cluster PLL, that is, one clock per cluster, where n is
the number of clusters in a subsystem. As RD-TC21 reference subsystem only contain one cluster, n is fixed to 1.

INTPLLCLK INTPLLCLK is a high-frequency reference clock input used for the Interconnect block.
SYSPLLCLK SYSPLLCLK is a high-frequency clock input for the main block.

DMCPLLCLK DMCPLLCLK is a high-frequency reference clock input used for the Memory block.
GPUPLLCLK GPUPLLCLK is a high-frequency reference clock input used for the GPU block.

Arm® Total Compute 2021 Reference Design Software Developer Guide at p. 40

4.1.2 Systems clocks

RD-TC21 internally derives clocks that are used for parts of the subsystem. These clocks are
generated only when the VSYS.SYSTOP power domain is powered. Each clock can be individually
controlled.

The following table summarizes these derived internal clocks.

1d.

18
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Claim 1

Accused Products

Table 4-2: Systems internal derived clocks

performance.

Id. at 47-48

Clock Signal PLL Description

CLUSXCORECLKn |CPUPLL Core clock.

n is the number Each core is clocked independently to each other. Therefore, One clock per cluster, where

of clustersin a

subsystem.

CLUSXCLK CLUSXPLLCLKN | CPU Cluster x clock.
The cluster clock drives the logic in the Processor block, where x is O to 31.

INTCLKOUT INTPLLCLK Coherent Interconnect Clock
Clock for the interconnect and other expansion master and slave ports. This clock is generated from
INTPLLCLK

Id. atp. 41

4.3 Power control

Good power management is key to reduce system power consumption while maintaining a high

An RD-TC21 reference subsystem contains the following power management features:

e Multiple voltage domains to allow for Dynamic Voltage and Frequency Scaling (DVFS) on
application processors and the GPU

e Multiple power-gated regions provide comprehensive leakage management
e Multiple power modes for different system scenarios

e A System Control Processor (SCP) based on a Cortex®-M3 processor controls power, clock, reset,
and the static configuration of the system

e Power Policy Units (PPUs) are used to manage power states of each voltage and power domain
under the control of the SCP

19
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Claim 1

Accused Products

4.3.1 Voltage domain

A voltage domain is defined as a collection of design elements supplied by a single voltage. The
voltage supply to the domain might be scaled or switched off for power or performance reasons.

Total Compute 2021 Reference Design (RD-TC21) supports the following voltage domains:

VCPUO

The first voltage domain in the processor cluster for “LITTLE” cores. Supports DVFS.
VCPU1

The second voltage domain in the processor cluster for ELP and “big” cores. Supports DVFS.
VGPU

The voltage domain for GPU. Supports DVFS.
VSYS

The voltage domain for the rest of the subsystem. Does not support DVFS.

Id. atp. 48

SCP runtime firmware
The SCP runtime firmware executes after Trusted Firmware for A-profile (TF-A) BL2 has

authenticated and copied it from flash.
The SCP runtime firmware performs the following functions:

e Responds to System Control and Management Interface (SCMI) messages through Message
Handling Unit (MHU) version 2.0 for processor power control and Dynamic Voltage and
Frequency Scaling (DVFS)

¢ Power domain management

e Clock management

Id. atp. 65

20
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Claim 1

Accused Products

Our initial testing shows that Snapdragon 835’s Kryo 280 CPU is an octa-core, big.LITTLE configuration with
four semi-custom A73 “performance” cores and four semi-custom A53 “efficiency” cores. Kryo 280’s
performance cores are pretty much equivalent to Kirin 960’s A73 cores in both integer and floating-point IPC,
but comparing them to Snapdragon 820’s Kryo CPU shows mixed results: integer IPC improves but floating-
point regresses.

https://www.anandtech.com/show/11201/qualcomm-snapdragon-835-performance-preview/6

Voltage domains
The voltage supply to a domain might be scaled or removed for power or performance reasons.

Except for low complexity solutions, it is rare to use a single logic voltage supply for the whole
SoC.

The primary reason for additional voltage domains is to support DVFS for functional areas of
the SoC. The second reason is to enable external supply switch-off, or reduction to
non-functional state retention levels, to some logic areas while maintaining an operational level
supply to others.

However, the cost for additional voltage domains is significant, because additional voltage
regulators, extra effort, and complexity are required in the SoC physical implementation.
Therefore, you must carefully assess the value of the addition of each voltage domain against
the performance and power requirements for the design.

In a big LITTLE system, each cluster must have a dedicated voltage supply. This is a critical
success factor when combined with big. LITTLE software.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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e
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Figure 2-2 Power domain hierarchy

In Figure 2-2, two processor clusters are implemented with per-core and cluster power domains.
The big cluster is in the VBIG voltage domain, while the LITTLE cluster is in the VLITTLE
voltage domain. The system controller is in an always-on power domain. All the other
components are in the system logic power domain (SYSTOP).

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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Clock domains

Clock domains can interact with each other synchronously or asynchronously. Synchronous
clock domains can have independent source activity. Each cluster requires an independent
clock, and the CCI requires a clock.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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CoreTile Express A15x2 A7x3
Daughterboard

24MHz

Cortex-A15_A7 MPCore Test Chip

«——CPU_CLKO0_A15 OSCCLK
Cortex-A15 41 l«——CPU_CLKO_A15/2 A15 PLLOJ¢——CPUREFCLKO
MPCore |[«A15_CLK—|glitchless OSCCLK
Cluster mux  l«———CPU_CLK1_A15 A15PLL1 CPUREFCLK1—
$—— SYSCLK
| SYSPLL «——SYSREFCLK—{
Cortex-A7 44 ———CPU_CLK2_A7 [ A7pLLO CPUREFCLK2—| | OSCCLK
MPCore [«A7_CLK—glitchless «——CPU_CLK2_A7/2 2
Cluster mux
l—CPU_CLK3_A7 A7 PLL1 CcPUREFCLK3—— OSGCK
— TRACECLKA DAP
TRACECLKB —| CoreSight trace CCl-400
and debug  [«— PCLK — Interconnect
TPIU subsystem
TRACECLKIN ____ |
4———————ACLK

DMC-400 System
«——DDRCLK: Timer

System
HDLCD counter
PXLCLK SP805 M{ Matrix
Async SMC Async M| OSCCLK
T DDR v 4
PLL
HDLCD SMB_CLKO Mo |_ |
PLL REFCLK24MHZ Demux
SMB_REFCLK SMB_CLKI 8MHz
cikp:op | PXEREFCLK | ppRrRrEFCLK F |_l
nCLK[1:0] MMB_IDCLK Daughterboard
Configuration
A4 HSB (M) Controller
2GB OSCCLK OSCCLK OSCCLK
DDR2 5 8 6 HSBM (CLK)
C HDRY ) (_HDRX )

Figure 2-10 CoreTile Express A15x2 A7x3 daughterboard clocks

ARM® CoreTile Express A15x2 A7%3 Technical Reference Manual, available at
https://developer.arm.com/documentation/ddi0503/1/
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Qualcomm’s documentation demonstrates that the accused devices are configured to contain a
first and second set of processor cores according to the above referenced architectures. For
example, both the Snapdragon 8 Gen 2 Octa-Core, die code Kailua, and Snapdragon 835 Mobile
Platform, MSM8998, are configured with a first set of “Gold” cores and a second set of “Silver”
cores, each set having its own PLL Gold or PLL Silver with its own input and output clock signal,
and each having a separate power domain and power rails, both the power and output clock signal
being variable and the clusters being configured to receive the same:

Motivation

Current implementation

e Current implementation in CPUSS requires
that each core per cluster domain run at the s
same clock frequency. i

» This requirement is due to the fact that each
core doesn’t have its own PLL.

PLL 2L
Gold Sitwer

» OSM aggregates and chooses MAX
frequency for operation for those cores. ‘
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LLM & FW Interaction

» For Kailua implementation the MNDRC'’s can either be
controlled by FW or by LLM directly but not by both.

= When testing for LLM thermal mitigation data the MUX

control is switched to LLM that will drive per core MVAL O— T 1 o I 0
based onit’s LUT table. : !

= When gathering power profile data for SW the MUX control L
is switched to FW.

« Note that if there is a need to capture data from SW and
LLM driven MVAL’s to MNDRC then Interrupt driven control

is to be used to ensure we have single master that drives
MVAL.

= Note that POR implementation for inner and outer loop and

per core MPMM/PPM control remains the same.

» The Design has been introduced such that it does not affect
POR requirements of LLM and FW

27
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Post Waipio Options: Big and Little RISC-V Split(Azzedine)

Asynchronous
Two RISC-Vs : Big Risc-V run perigdically waken—up with timer
1. CP-B: High Frequency (Periodic usage - SW SCMI,
New features to generate data for CP-L of OSF,
b

CPU)

CP-L: Low Frequency mode

Complex features in “Big” RISC-V (CP-B)

will not be propagated to VT

4. Big Risc-V is to be designed in a way that
is not be product gating

5. Upgrade to SiFive solution is
recommended (to leverage opensource
SW tools™.)

w N

“Pulp is not fully compliant to the RISC-V archite

QCREDSTONE 0098870 at -74, -83, -84, -96.

QC HW Aggregator
&

Sequencer offload

GOLD cluster frequency plan
Mode PoR Frequency (MHz) Source (HF PLL) VCO freq (MHz) | PLLmode |L Value|PLL dIvPL:LcI.O::fJer (mW) | Period Jitter (ps) | Half-Cyc jitter (ps) |src_sel
T;‘_’rt/’gj:o f/?‘sg'/ii?/v 2764 APC1PLL-early 2764.8 HE 1 |1 8.9 232 sres
TTT';;;.’;’G—;\S’,"S???XI 2361 APC1PLL-early 23616 HF 123 | 1 102 2.5 srcs
;;‘/i;;;c;"s’/‘;i%‘\’l 2361 APCLPLL -early 23616 HF 23 | 1 106 275 sres
1‘;%?;9‘;\:253;:3\‘; 2361 APC1PLL -early 23616 HF 23 | 1 106 275 sres
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SILVER cluster y plan
Mode POR Frequency (MHz) Source (SR PLL) PLL config —
VCO freq (MHz) | PLLmode | LValue PLLdiv| PLL Power (mW) | Period Jitter (ps) = Half-Cyc jitter (ps) | src_sel

Tﬁ%ﬁ;\c/,b‘sz}iigv 2054 APCO PLL -early 2054.4 HF 107 1 122 316 sreS
TTT‘;?;’E;DS‘E?&\; 1843 APCO PLL-early 1843.2 HF 9% 1 136 353 srcs
#/rokl;;LD::/C:Sl/l:)?S%\\ll 1843 APCO PLL -early 1843.2 HF 96 1 136 353 srcS
E;:?g;gvfcsggf:;\l/ 1843 APCO PLL -early 1843.2 HF 96 1 136 35.3 sre
T;j_rrl;ggl:Df,N?;fOzizsv 2054 APCO PLL -early 2054.4 HF 107 1 12.2 316 sreS
ﬂ;;:;ol;\;sszlst)ggzov 1843 APCO PLL -early 1843.2 HF 96 1 13.6 353 srcS
WI;;?[;VL’ zs‘;ﬁ)?:\slov 1843 APCO PLL -early 1843.2 HF 96 1 122 316 sreS

QCREDSTONE 0123173 at-73, -77.
CPUSS

= Kryo 685 Next Gen V8

= Kryo Gold Prime Fmax: 2.6+ GHz

= Kryo Gold Fmax: 2.3+ GHz

= Kryo Silver Fmax: 1.8 GHz

= Kryo Gold Prime L1/L2 cache: 64 KB/1 MB
= Kryo Gold L1/L2 cache: 32 KB/512 KB

= Kryo Silver L1/L2 cache: 32 KB/128 KB

= Frequency of Operation

frequencies (Independently controlled).

synchronous
= Power rail
Gold Prime core and Gold core share VDD_APC1.
= Silver core and L3 logic share VDD_APCO.
L1 and L2 cache memory cell powered by VDD_MX.

head switch (GDHS) to power the core.

PAGE 10 80-PK177-36 Rev. B July 2020

QCREDSTONE 0039762 at -71

= Gold Prime, Gold, Silver, and L3 cache can operate at different

Within Silver cluster, all 4 Silver cores and L2 are synchronous.
= Within Gold cluster, all 3 Gold cores and L2 are synchronous.
Within Gold Prime cluster, Gold Prime core and L2 are

Each Kryo Silver/Gold/Gold Prime core has a global distributed

o]

CcPUT

Lo

Power Domains

VDD_APCO
(SMPS18)

IMB
Gold Prime
Gold cluster Cluster
I GDHS I | GDHS H GDHS ! I GDHS |
Silver Silver Silver Silver
CPUO CPU1 CPU2 CPU3
LD (| L Dﬂ L1DA || 11D
32 KB/32 K| |32 KB/32 K| |32 KB/32 K| [32 KB/32 K
8 B : B
B2l E e D
128KB || 128KB || 128KB || 128KB

Silver cluster

Confidential — Qualcomm Technologies, Inc. and/or its affiliated companies — May Contain Trade Secrets | MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION
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CPU Power

= Customized 64-bit ARM v8-compliant apps processor (Kryo 2xx
CPU)

= Two Clusters in CPU subsystem — Kryo Gold and Kryo Silver

Kryo Gold Cluster — Quad Kryo high performance CPUs with 2.5 GHz
to 2.7 GHz Speed

Kryo Silver Cluster — Quad Kryo low power CPUs with 1.5 GHz to 1.9
GHz Speed

+ L1and L2 Cache:
L2 cache at 2 MB for Kryo Gold
L2 cache at 1 MB for Kryo Silver
= Power rails:

Power Domains

[sMPsi0)

Goms

Kryo Gold cluster and Silver cluster have dedicated, separate power
rails

PM8998 SMPS10 powers the Kryo Silver cluster

PM8998 SMPS11/12/13 are tied together as a single trace to power Silver Chster
the Kryo Gold cluster

Each Kryo Gold core has a block head switch (BHS) and each Kryo

CPU Sub System

Silver core has a global distributed head switch (GDHS) to power the
core

= Gold and Silver cluster, along with the respective L2 cache, can
operate on a different clock source at different frequencies.

Within a cluster, the cores and L2 are synchronous

QCREDSTONE 0082868 at -878.
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CPU Core config and Rail Split

« CPU team is proposing the 1GP+5G+2S for Lanai CPU config to maximize the performance of Benchmarks and Gaming
« Reduction of Silver core (3->2) will negatively impact the DOU which is mostly running on Silver core
« APC1 rail splitis proposed to mitigate the DOU impact
« APCO - 2x Silver cores + L3 shared cache
« APC1 - 3x Gold cores
+ APC2 - 1x Gold Plus core + 2x Gold cores
+ PDN/PKG/PCB/PMIC analysis is being discussed here to mitigate any impact due to APC1 rail split

Siiver
i

OoE BEEE pEE
; i APCO

- LAPCO .
. oo}
CAPCO T A
Kailua 1+4+3 Lanai 14542 Lanai 1+5+2 Split

Unified

QCREDSTONE 0091042 at -44.
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Kailua CPUCP Hardware Bus DCVS HW Delta

fcpuce (Kailua)

S g -

* ' SNO
Q0SS I | [ GEMNeC H
’ : o ot vs oo
. APR _
(Becadeg
i * m{ILPOM)

PERIPHPORT

fuisfo 15,12 Cah
1] PtttV 8

MKLEL

QCREDSTONE 0098768 at -70.

1IN

AP trom CPUSS AHB

[

APB2AIIE

{32k8)

DM
654K8)

{OSCP ) MM /15

B

-
T )

CLIDOMI0 3 AGDregamor IRQy =~ vw~ammmme v

DONTIID

L
e
'

This arrangement of Gold+, Gold, and/or Silver cores arranged into clusters according to the
above referenced architectures is repeated throughout the accused products!:

! Qualcomm has failed to produce similar diagrams for all accused products/dies or even identified all relevant dies, however the cited documentation
demonstrates a common infringing design across all accused products.
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r Reaand — —— A — _—————. Sy : ¥ $ — — - S—— | — ——— 1
| CHIE B CHIE § CHIE |
| Snoop Filters |
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QCREDSTONE_0098556 at -558 to -562.
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4
4
TRUE

256
TRUE
FALSE

TRUE

PERIFPH PORT |

TRUE

512/1024/2048/4096K 4096KB

2

2

Selection ¢

Descnpticn

3 Gold + 1 Gold+

4 Silver Cores

Corinth cluster to the
Gladiator interconnect
interface is CHI

2x128bit wide CHI port to the
Gladiator interconnect
Include L3 Cache

ACP interface not included on
the Corinth cluster
Peripheral port not included
on the Corinth Cluster
Protect the L3 Cache RAMs
and snoop filter RAMs with
ECC

4M L3 cache

L3 Data RAM input latency is
1 cycle

L3 Data RAM output latency
is 2 cycle

QCREDSTONE 0090058 at -71.
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Claim 1 Accused Products

Design Details (Requirements/Features)

Bus Interface
CPU

.

2x256b CHI interfaces to GEMNoC from each DSI - Le Mans (
170 Coherency support via CHI
DVM broadeast {o systeny via CHI

.

»  Dual DSU Octa core processing unit - Le Maus Chauge

» 64-bit ACES-Lite Mastey port interface to system NOC - Le Manuw(
+ DSUO: 4 Kryo6G_prime (Hercules Prime) - Le ¥ + 32-bit AHE Slave portinterface to system NOC

32-bit AHBE Master port interface to system NOC (EPSS)
+  32KB/32KB L1 Cache APB :'a‘ia‘.'f. um't_mterﬁ?ce' to syste.m DAY

+  256KB L2 Cache ATH bus interface to CoreSight Trace component

«  APCO yail » Time Stamp hderface to CoreSight debug component
TAP portinteriace to JTAG fnterface

* oot processor

v

.

¢ DSUL: 4 KryobG_prime (Hercules Prime) - &
+  3ZKB/3ZKB L1 Cache . Fault
+  256kB L2 Cache . LBIST
¢ APCiraif « IEEE

AUTO

500 Tnterface for LBIST Infrastrachire from Sofl.
v And Parity Checks,

inth + Clock Monitoring
L3 (Corinth DSU) + 2D parity for CSRs {excluding ARM iogic C5Rs) - Le Mang Change
Power
¢ 4MBL3 Cache (2MB per DSU) . Power Management

+  Agyncte all CPUs within DSU . Y amic & ieakage mitipation.

*  APCO rail for DSUO & APCY rail for DSUL - 2 $ + MPMM Support by Hercules ARM Cores.

+ Tl power down mode to reduce power « EPSS access to DDR via ARB ( Use o if-joading single image of EPSS,

+ Natively supports dual 256b CHI Schedule assistance by providing shared data, Er rery implementation, ARM

SCF (3CHI based) pritotype
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hird Party IPs (3PIP) and Export Controlle

Do you have any 3rd Party IPs to declare? {note that this is a sign-off on the accuracy of your answer, which may have financial implications):

YES
# Changed from Previous Program QCOM
Supplier Licensed IP Description Instances {Y/N)? Owner Deita Comments h
Arm Limited ~ Hercules Processor/Hercules Crypto/HerculesPrime 8 yes L1/L2 size changed from 64KB/512KB to
Processor/HerculesPrime Crypto/Dynamiq Shared 32KB/256KB
Unit 8MB Version (DSU 8MB)
Arm Limited  Hercules Processor/Hercules Crypto/HerculesPrime 2 yes L3 size changed from 8MB to 2MB (per cluster)
Processor/HerculesPrime Crypto/Dynamiq Shared
Unit 8MB Version (DSU 8MB)
Arm Limited ~ GIC-Clayton Generic Interrupt Controller 1 yes GIC Beeton is replaced with GIC Clayton
Arm Limited ~ Coresight Components-Various 1 no
PULP RISCY RISC-V Core (Open Source Hardware Platform) 1 no
Platform https://www.pulp-platform.org/
QCREDSTONE 0091177 at -86-87, -248.
GOLD_PLUS frequency plan
Mode PoR Frequency (Mi1) Sourcs (HE PLL) VCO freq (MHz) | PLLmode | L Value | PLL uwﬂs:l?:::« (mW) | Period Jitter (ps) | Half-Cyc jitter (ps) | src_sel
T;‘;k;;’;zsr'sgzzgv 2956 APC1 PLL-early 2956.8 HF 154 | 1 85 220 srcs
TTT‘;::,)ZEOL‘.S/,OS.ZZZ‘(/ 2572 APCL PLL -early 2572.8 HF 134 | 1 100 260 srcs
'II‘;‘/’::;;ICS“S,/ZB;:‘OO\\’/ 2457 APC1 PLL -early 2457.6 HF 128 1 103 26.7 sres
GOLD cluster frequency plan
Mode PoR Erequency {Mets) Source (HF PLL VCO freq (MHz) | PLLmode | Vi PLLER | il st (mW) | Period litter (ps) | Half-Cyc jitter (ps) | src_sel
T]‘i':;g_—;;sr‘;iﬁ?/‘/ 2764 APCLPLL -early 27648 | WF @4 | 1 89 232 sres
TTI‘;'Ub:gOL\S/OSZ/SKI 2361 APCL PLL -early 23616 [ | 123 | 1 A 102 265 sres
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[SILVER cluster frequency pian
PLL config
Mode PoR Frequency (MHz) Source (SR PLL) VCO freq (MHz) | PLLmode | L Value | PLL div] PLL Power (mW) | Period litter (ps) | Half-Cyc jitter (ps) | src_sel
7;‘;’/’;—9‘; o 2054 APCO PLL -carly 2054.4 HE 107 | 1 122 316 sres
TTY"/':"QEO"\SI?;:/SZVV 1843 APCO PLL -early 18432 HE 9% | 1 136 353 srcs
T‘:‘;::ﬁ,csws/l;ggsg‘\// 1843 APCO PLL -early 1843.2 HF 96 1 136 353 sres
PLL I

[APSS_CC_SILVER_PLL : 44,00 | _PLL_SILVER_NOM 478.40

APSS_CC_SILVER_PLI 44.00 | _PLL_SILVER_NOM 478.40

APSS_CC_SILVER_PLI 44.00 | _PLL_SILVER_NOM 478.40

[APSS_CC_SILVER PLL TEST_ “cc_silver pll 144,00 | _PLL SILVER_NOM 478.40

PSS CCGOLDPLL pss._cc_gold_pll 401.60 | PLL GOLD NOM 593.60

APSS_CC_GOLD_ apss. cc_gold_pll_out _main 41.60 | PLL_GOLD_NOM 593.60

APSS_CC_GOLD_P apss_cc_gold_pll_out_even 401.60 | PLL_GOLD_NOM 593.60

[APSS_CC_GOL apss. cc_gold_pll_out_test 401.60 | PLL_GOLD_NOM 593.60

APSS_CC_L3_PLI apss_cc_I3_p 209.60 PLL_L3_NOM 344,00

APSS_CC_L3_PLL 209.60 PLL_L3_NOM 344.00

APSS CC_L3 PLI 209.60 PLL_3_NOM 344.00

APSS_CC_L3_PLL_TEST. 209.60 PLL_L3_NOM 344,00

APSS_CC_GOLD_PLUS_PLL 459.20 |PLL_GOLD_PLUS_NOM 651.20

APSS_CC_GOLD_PLUS_PUI 459.20{PLL_GOLD_PLUS_NOM 1651.20

APSS_CC_GOLD_PLUS. PL 459.20 {PLL_GOLD_PLUS NOM 1651.20

[APSS_CC_GOLD_PLUS_PLI 450.20 {PLL_GOLD_PLUS_NOM 1651.20
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Clock Source Data PLL F) | or Integer M Source Period| Duty Cycle
Root Clock Src PLLL PLLM PLL N Frequency (MHz) | Jitter (ns) Jitter (ns)
Tester 40.00 0.500 0.500
X0 19.20 0.500 0.500
SLEEP CLK 0.03] 0.500 0.500
PLL_ GOLD_CW 123 0 1 361.60 0.070 0.0275
PLL_GOLD_RCW 123 0 1 361.60 0.0101 0.0275
PLL_GOLD_CNOM 141 0 1 707.20 0.00! 0.0240
PLL_GOLD_TURBO_L1 108 0 1 073.60 0.0121 0.0314
PLL_GOLD_TURBO_LO 95 0 1 1824.00 0.0137 0.0356
PLL_GOLD_NOM_L1 83 0 1 1593.60 0.0155 0.0403
PLL_GOLD_NOM S £ I E— L —— i _1401.60 0.0178 0.0464
PLL_GOLD_SVS_L1 62 0 1 1190.40 0.02190 0.0630
PLL_GOLD_svs 49 0 1 940.80 0.0372 0.0798
PLL_GOLD_svs2 33 0 1 633.60 0.0711 0.1343
PLL_GOLD_SVS3 6 0 1 115.20{ _ 0.0883 0.1488
PLL_SILVER_CW 96 0 1 184320/  0.0136 0.0353
PLL_SILVER_RCW 96 0 1 1843.20 0.0136 0.0353
PLL_SILVER_CNOM 107 0 1 2054.40 0.0122 0.0318
PLL_SILVER_TURBO_L1 96 0 1 1843.20 0.0136 0.0353
PLL_SILVER_TURBO_LO 89 0 1 1708.80 0.0146 0.0381
PLL_SILVER_NOM_L1 77 "0 1 147840, 0.0167 0.0434
PLL_SILVER_NOM 70 0 1 1344.00] 00786 00484
PLL_SILVER_SVS_L1 58 0 1 1113.60 0.0227 0.0587
PLL_SILVER_SVS a7 0 1 902.40 0.0388 0.0831
PLL_SILVER_SVS2 31 0 1 595.20 0.0341 0.0341
PLL_SILVER_SVS3 ] 0 1 115.20; 0.0883 0.1488
PLL_L3 CW 83 0 1 1593.60 0.0167 0.0408
PLL_L3_RCW 83 0 1 1593.60 0.0157 0.0408
PLL_L3 CNOM 94 0 1 1804.80 0.0139 0.0360
PLL_L3_TURBO_L1 83 0 1 1593.60 0.0157 0.0408
PLL_L3 _TURBO_LO 78 0 1 1497.60! 00767 0.0434
PLL_L3 _NOM L1 70 0 1 1344.00 00786 0.0484
PLL_L3_NOM 6. 0 1 1209.60 0.0207 0.0538
PLL_L3 SVS L1 5. 0 1 198.40 0.0351 0.0744
PLL L3 SV: 42 0 1 06.40 0.0437 0.093.
{PLL_L3_svVs2 2 0 1 18.40 0.0549 0.054
PLL_L3 SVS3 6 0 1 15.20 0.0883 0.148¢
PLL_GOLD_TEST 54 0 1 2073.60! 0.0121 0.0314
|PLL_SILVER_TEST 54 0 1 1843.20 0.0136 0.0353

QCREDSTONE 0123173 at-173 to -177, -183, -316. See also QCREDSTONE 0108055,
QCREDSTONE 010943, QCREDSTONE 0110523, QCREDSTONE 0112461,

QCREDSTONE 0113841, QCREDSTONE 0114427, QCREDSTONE 0115813,

QCREDSTONE 0116536, QCREDSTONE_0117594; QCREDSTONE_0120263,

QCREDSTONE 0124233, QCREDSTONE 0125186, QCREDSTONE_0131099.
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Power Model

PEU
» Dynamic power model:
*Pdyn=a*IPC*V2*f
+ Alpha value is tuned per corner (LowSVS, SVS, .., Nominal, .., Turbo)

* GoldPlus and Gold: 9 alpha values each
+ Silver: 6 alpha values

Power Model
PEU

* Registers:

* Voltage: APSS_SILVER_CPRh_STATUS_[0-1]/ APSS_GOLD_CPRh_STATUS_[0-1]
« DCVSh_corner_last_voltage

* Frequency: EPSSSLOW_CLKDOM([0/1/2/3] _DOMAIN_STATE
« LVAL

* Temperature: APSS_SILVER_LMH_LLM_TEMP_RX_STS_0_i/
APSS_GOLD_LMH_LLM_TEMP_RX_STS_0_i

» IPC: PMU registers - Instructions and cycles (PMEVCNTRO_ELO, PMCCNTR_ELO)

QCREDSTONE 0099078 at -82 to -83.
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GOLD* Frequency(MHz) 11 Mia ElP@oalas LHUNTERELP@28851 | xHUNTERELP@2885.1
GOLD Frsquency {MHz} 2:XMKU2XMTH@2620,7 SxHUNTER@2589.2 SxHUNTER@2589.2
| SiLVERFrequency(MHz) | 3dGen@21979 0 oaves@pt4gs 1 diaves@2i485
LJFrequent;y(MHz) ‘ ; 1592.7 v :[905_3 v 1905.3
e e L el s
DDR Frequency (MHz} 4260.2 42078 4207.8
e e
Gold (MTH): Cache Size [L2/L1¥L1d] KB 256/32/a2
Gold (MKUHUNTER}: Cache Size [L2LYLIAIKB | 51222

Sitver{complex): Cache Size [L2/L1¥L1d] KB 128°/32/32

| SheisngerCaheSmiULIgK  emme L |
L3:Cache Size MB = : & 8t : g i : Ll :
D lmmssew 0 Daeeen L eees L e
DDRSS 4ch LPS 4ch LPS 4ch LPS
. e
> . (e 06 | A eocALe Lrene

Convex version convex_2021 08 20 _ver 03 O
9

convex_ 2022 0616 _ver 03.14 r2_convex_sandbox{ early stage)

QCREDSTONE 0090953 at -84.
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MAKENA CPUSS V2 - CONFIGURATION & Features

Number. Cores 4 4
L1SIZE | - 64KB 1-32KB
{INST/DATA) D - 64KB D -32KB
L2 SIZE 1024 KB 512 KB
RAIL APC1 APCO
GDHS Collapsible GDHS Collapsible
Version HERAP-MP136-r0p0-50eac0 HERCULESP-MP138-r0p0-50eacld

No GDHS
CORINTH-MP135-r4p2-00rel0

r1p6-00rel0
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KENA CPUSS — BLOCK DIAGRAM

bannsde AL B THE
W AMDA ¥ CHIL TUSTOM

sz

QCREDSTONE 0092294 at -96, -97.
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Table 1-1 SM7635 features

latest revision of the applicable software release notes to identify the enabled SM7635 features.

Peripherals/sensors

Fgerpeint

STHA NEC

1.1 Functional block diagram
SM7635
Memory support et
Qlink, RF e | EBI0 }___ LPODR4X SDRAM
B Kiyo 0ol | L2 cachie | €81 }-—-{ LPDDRS SORAM ]
4G/5G modem solution 4x Kiyo Silver
e [y
i End RFFE; (24uw) Il
i
2 i = ] D Low Power Al .
Y= nok L_._J Cmmmw | , | 5 |~ e
= vl 3§18 o rees
[ El2b8
1.2 SM7635 features
NOTE  Some of the hardware features integrated within the SM7635 must be enabled by software. See the

Feature

SM7635 capal

bility

Processors

Applications

QCREDSTONE 0013455 At -64, -65.

= Kryo CPU 7-Series built on Arm Cortex technology
o Kryo Prime: One high-performance core
Kryo Gold: Three high-performance cores
> Kryo Silver: Four low-power cores
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VDD_APCL VDD _APCO
[CFR monitorec [C2R Mot ed]

DD s VDD MK VDD £X

apss_hm

QCREDSTONE 0096091 at -104.

[1b] a second set of processor | Each Accused Product comprises a second set of processor cores of the multi-core processor,

cores of the multi-core wherein each processor core from the second set of processor cores is configured to dynamically
processor, wherein each receive a second supply voltage and a second output clock signal of a second PLL having a second
processor core from the second | clock signal as input, wherein the first supply voltage is independent from the second supply

set of processor cores is voltage, and the first clock signal is independent from the second clock signal.

configured to dynamically

receive a second supply For example, in addition to the first set of processor cores, the Snapdragon 8 Gen 2 Octa-Core has

a second set of high-performance processor cores (two or more ARM Cortex-A710 cores). For
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voltage and a second output another example, in addition to the first set of processor cores, the Snapdragon 8 Gen 2 Octa-Core
clock signal of a second PLL has a second set of high-performance processor cores (two or more ARM Cortex-A715 cores).
having a second clock signal The processor cores in the second set receive a second, independent dynamic supply voltage and a
as input, wherein the first second clock signal of a second PLL receiving an independent second clock signal.

supply voltage is independent
from the second supply
voltage, and the first clock
signal is independent from the
second clock signal; and

For a further example, in addition to the first set of processor cores, the Snapdragon 835 Mobile
Platform has a second set of high-performance processor cores (two or more A73 cores). The
processor cores in the second set receive a second, independent dynamic supply voltage and a
second clock signal of a second PLL receiving an independent second clock signal.

ARM documentation for the big. LITTLE and DynamlIQ architectures used in the Accused
Products directly shows that each core cluster receives its own clock domain. At the time the
Accused Products were designed, it was typical to produce this clock using a PLL that has a
corresponding clock input. Furthermore, ARM documentation for an earlier, related device (the
Cortex-A15_ A7 MPCore test chip, which also has independent clock domains for different CPU
clusters) shows each CPU cluster receiving an output clock signal from a PLL having a
corresponding clock signal as input (e.g. from an oscillator).

See, e.g.:
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Snapdragon 8 Gen 2 (2023) [edit]

The Snapdragon 8 Gen 2 was announced on November 15, 2022.[252]

Notable features over its predecessor (8 Gen 1):

e 4nm (TSMC N4) process
e Support up to 16 GB LPDDR5X 4200 MHz
e Support UFS 4.0
e CPU features
* 1 Kryo Prime (ARM Cortex-X3), up to 3.36 GHz. Prime core
e 1MB L2 cache
e Only 64-bit support (253]
® 2 Kryo Gold (ARM Cortex-A715), up to 2.8 GHz. High Performance cores
e Only 64-bit support [25°]
¢ 2 Kryo Gold (ARM Cortex-A710), up to 2.8 GHz. Performance cores
o 32-bit and 64-bit support!2>3]
¢ 3 Kryo Silver (ARM Cortex-A510), up to 2 GHz. Efficiency cores
e 32-bit and 64-bit support!2>3!
* 35% performance uplift and 40% power efficiency improvement
¢ 8 MB system-level cache
https://en.wikipedia.org/wiki/List of Qualcomm_Snapdragon_systems _on_chips#Snapdragon 8

Gen_2 (2023)
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Product L.
Model number Fab Die size CPU
Name
4 + 4 cores
10 nm Kryo 280
Snapdragon | FIinFET 72.3 2.45 GHz
MSM8998!246! bred » :
835 (Samsung | mm Cortex-A73 +
10LPE) 1.9 GHz
Cortex-A53)
https://en.wikipedia.org/wiki/List of Qualcomm_Snapdragon_systems on_chips#Snapdragon_ 80
0_series (2013%E2%80%932021)

51


https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_800_series_(2013%E2%80%932021)
https://en.wikipedia.org/wiki/List_of_Qualcomm_Snapdragon_systems_on_chips#Snapdragon_800_series_(2013%E2%80%932021)

Case 7:24-cv-00231-ADA  Document 62-4  Filed 06/04/26  Page 53 of 167

CONFIDENTIAL — OUTSIDE ATTORNEYS’ EYES ONLY

Claim 1

Accused Products

Cluster features
The DSU-110 has the following cluster features:

Support for Arm®v9.0-A architecture cores
Support for up to four types of core, and a maximum of 12 cores in the cluster

Power Policy Units (PPUs) providing autonomous power management of the L3 cache and the
cores

Support for cores running independently at different frequencies and voltages known as
Dynamic Voltage Frequency Scaling (DVFS). For cores in a complex, DVFS is only possible for the
whole complex not for individual cores.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual, available at
https://documentation-service.arm.com/static/62bb28beb334256d9¢ea8cc32, at p. 19

A cluster can be configured with up to four different types of cores in the same cluster. Each core
type targeting different power efficiency and performance levels. This arrangement allows for

an intermediate core that has an intermediate performance and efficiency level. The cluster also
supports complexes.

A cluster can be configured in many arrangements. Examples of cluster arrangements are:

One or more cores of the same type.

Various arrangements of two types of cores. For example, one or more cores targeting either a
high-performance level or a higher power efficiency level.

Various arrangements of three or four types of cores. For example, one or more high-
peformance cores, power-efficient cores, and intermediate cores.

One or more complexes and no individual cores. For information on complexes, see 2.3.1 What
is a complex? on page 25.

One or more complexes and individual cores.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 22
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DynamlQ cluster

DynamlQ cluster shared logic

[ High efficiency core
[ High performance core

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 23
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DynamlQ cluster

--

DynamlQ cluster shared logic

[l High performance core
[l Balanced performance core
[ High efficiency core

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 24
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DynamiQ cluster

Complex 0 Complex 1

Shared logic Shared logic

Complex 2 Complex 3

Shared logic Shared logic

DynamIQ cluster shared logic

[B Supported core in complex
Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 24

The DSU-110 DynamIQ™ cluster supports blocks that are called complexes which contain up to
two cores of the same type and some shared logic. Sharing some logic between the two cores of a
dual core complex can make the dual core complex area efficient. However, this area efficiency is at
the cost of reduced performance compared with using two single-core complexes.

Arm® DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 25
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The DynamlQ™ Shared Unit-110 (DSU-110) has multiple clock domains. Each core or complex can
be implemented in a separate clock domain.

The following figure shows the clock domains for an example cluster with four standalone cores.

Figure 4-1: DSU-110 clock domains

DynamlQ Shared Unit

DynamlQ Cluster

CPU 0 bridge CPU 1 bridge CPU 2 bridge CPU 3 bridge

L3 memory system
SCU and L3 cache
Snoop filter L
e Trace RAM arrays L3 RAM arrays APB:
funnel =APB
Il PPUCLK [0 ATCLK [l COREOCLK to CORE3CLK
[ PERIPHCLK  [] sCLK [] Includes COREXCLK, PERIPHCLK, ATCLK, and SCLK domains

[H GICCLK [ PCLK

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 46
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6.1 The Power Policy Unit

Power mode control for the DynamIQ™ Shared Unit-110 (DSU-110) is provided by the Power Policy
Units (PPUs) that are integrated into the cluster. These PPUs control all the PPU modes for all
components in the cluster.

A PPU is a standard component for abstracting software-controlled power domain policy to
low-level hardware control signaling. There is one PPU for controlling the DSU-110 DynamIQ™
cluster power domain (PDCLUSTER). Also, each core has its own individual PPU for controlling its
respective core power domain (for example, a PPU for PDCOREO and a PPU for PDCORE1). This
includes any cores included as part of a complex.

A component in the system such as a System Control Processor (SCP) can program the PPUs through
the utility bus to set the required power policy. The PPUs control the low-level details of powering
up, powering down, and resetting domains as necessary to implement the requested policy. The
hardware performs any actions to reach the requested power mode, such as gating clocks, cleaning
and invalidating caches, or disabling coherency.

e Although the cluster and each core in the cluster has their own PPU, the shared
logic of a complex does not have a dedicated PPU. Instead, power management
of the complex is controlled as a combination of the PPUs for the cores it
contains. See Table 5-8: PPU mode and power domain states for a dual-core
complex on page 74.

e The cluster and all the core PPUs are provided as part of the DSU-110.

e The implementation process automatically creates the PPU for the cluster and
each core PPU, and connects these into the DSU-110 DynamIQ™ cluster. Each
PPU has a set of memory-mapped control registers which is accessed using the
utility bus.

Id. atp. 78
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The DynamlQ™ Shared Unit-110 (DSU-110) Power Policy Units (PPUs) control power management
for the Cortex®-A510 core. A Cortex®-A510 complex supports separate gated power domains
for the complex, for each core inside the complex, and for the Vector Processing Unit (VPU). It also
supports a dedicated voltage domain for each complex, and a voltage domain for the DSU-110
DynamIQ™ cluster.

Arm Cortex-A510 Core Technical Reference Manual at p. 39

The cluster contains several clock domains for functionality that is likely to be connected to
different clocks in the system. Within each core, the CPU bridge contains asynchronous bridges fo
all crossings between the core and cluster clock domains. Each CPU bridge is split, with one half
of each bridge in the core clock domain and the other half in the relevant cluster domain. At the
cluster level, there is the Snoop Control Unit (SCU) bridge which contains crossings between the
cluster clock domains as required.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 46

The DynamIQ Shared Unit-110 (DSU-110) has a separate clock signal for each standalone core or complex. There are also separate clocks for the internal logic, and some of the €|
interfaces.

The following table describes the clock signals of the DSU-110.

Table 1. DSU-110 clock signals

Signal Description

The clocks for each of the cores in the cluster that are not part of a complex.

COREyCLK y is the core instance number, for example, COREOCLK is the clock for core 0.

These signals clock all core logic, including L1 and L2 caches.

The clocks for each complex in the cluster. Each clock is connected to all cores in the respective complex.

COMPLEXxCLK . . -
x is the complex instance number, for example, COMPLEXOCLK is the clock for complex O.

https://developer.arm.com/documentation/101381/0400/Clocks-and-resets/Clocks-
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4.1.1 Input clocks

Input clocks must be provided with a source that is external to, or embedded in, the subsystem.

Table 4-1: Input clocks

Clock Description

REFCLK Main reference clock

The input clock to System Control Processor (SCP) boots coming out of reset. REFCLK also clocks other logic like SCP
generic and watchdog timers.

CPUXPLLCLKN |[CPUxPLLCLKnN is a high-frequency reference clock inputs used for application core PLL, that is, one per core, where n =
0-7.

CLUSOPLLCLKnN |CLUSOPLLCLKn is a high-frequency reference clock inputs used for cluster PLL, that is, one clock per cluster, where n is
the number of clusters in a subsystem. As RD-TC21 reference subsystem only contain one cluster, n is fixed to 1.

INTPLLCLK INTPLLCLK is a high-frequency reference clock input used for the Interconnect block.
SYSPLLCLK SYSPLLCLK is a high-frequency clock input for the main block.

DMCPLLCLK DMCPLLCLK is a high-frequency reference clock input used for the Memory block.
GPUPLLCLK GPUPLLCLK is a high-frequency reference clock input used for the GPU block.

Arm® Total Compute 2021 Reference Design Software Developer Guide at p. 40

4.1.2 Systems clocks

RD-TC21 internally derives clocks that are used for parts of the subsystem. These clocks are
generated only when the VSYS.SYSTOP power domain is powered. Each clock can be individually
controlled.

The following table summarizes these derived internal clocks.

1d.
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Table 4-2: Systems internal derived clocks

performance.

Id. at 47-48

Clock Signal PLL Description

CLUSXCORECLKn |CPUPLL Core clock.

n is the number Each core is clocked independently to each other. Therefore, One clock per cluster, where

of clustersin a

subsystem.

CLUSXCLK CLUSXPLLCLKN | CPU Cluster x clock.
The cluster clock drives the logic in the Processor block, where x is O to 31.

INTCLKOUT INTPLLCLK Coherent Interconnect Clock
Clock for the interconnect and other expansion master and slave ports. This clock is generated from
INTPLLCLK

Id. atp. 41

4.3 Power control

Good power management is key to reduce system power consumption while maintaining a high

An RD-TC21 reference subsystem contains the following power management features:

e Multiple voltage domains to allow for Dynamic Voltage and Frequency Scaling (DVFS) on
application processors and the GPU

e Multiple power-gated regions provide comprehensive leakage management
e Multiple power modes for different system scenarios

e A System Control Processor (SCP) based on a Cortex®-M3 processor controls power, clock, reset,
and the static configuration of the system

e Power Policy Units (PPUs) are used to manage power states of each voltage and power domain
under the control of the SCP
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4.3.1 Voltage domain

A voltage domain is defined as a collection of design elements supplied by a single voltage. The
voltage supply to the domain might be scaled or switched off for power or performance reasons.

Total Compute 2021 Reference Design (RD-TC21) supports the following voltage domains:

VCPUO

The first voltage domain in the processor cluster for “LITTLE” cores. Supports DVFS.
VCPU1

The second voltage domain in the processor cluster for ELP and “big” cores. Supports DVFS.
VGPU

The voltage domain for GPU. Supports DVFS.
VSYS

The voltage domain for the rest of the subsystem. Does not support DVFS.

Id. atp. 48

SCP runtime firmware
The SCP runtime firmware executes after Trusted Firmware for A-profile (TF-A) BL2 has

authenticated and copied it from flash.
The SCP runtime firmware performs the following functions:

e Responds to System Control and Management Interface (SCMI) messages through Message
Handling Unit (MHU) version 2.0 for processor power control and Dynamic Voltage and
Frequency Scaling (DVFS)

¢ Power domain management

e Clock management

Id. atp. 65
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Our initial testing shows that Snapdragon 835’s Kryo 280 CPU is an octa-core, big.LITTLE configuration with
four semi-custom A73 “performance” cores and four semi-custom A53 “efficiency” cores. Kryo 280’s
performance cores are pretty much equivalent to Kirin 960’s A73 cores in both integer and floating-point IPC,
but comparing them to Snapdragon 820’s Kryo CPU shows mixed results: integer IPC improves but floating-
point regresses.

https://www.anandtech.com/show/11201/qualcomm-snapdragon-835-performance-preview/6

Voltage domains
The voltage supply to a domain might be scaled or removed for power or performance reasons.

Except for low complexity solutions, it is rare to use a single logic voltage supply for the whole
SoC.

The primary reason for additional voltage domains is to support DVFS for functional areas of
the SoC. The second reason is to enable external supply switch-off, or reduction to
non-functional state retention levels, to some logic areas while maintaining an operational level
supply to others.

However, the cost for additional voltage domains is significant, because additional voltage
regulators, extra effort, and complexity are required in the SoC physical implementation.
Therefore, you must carefully assess the value of the addition of each voltage domain against
the performance and power requirements for the design.

In a big LITTLE system, each cluster must have a dedicated voltage supply. This is a critical
success factor when combined with big. LITTLE software.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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Figure 2-2 Power domain hierarchy

In Figure 2-2, two processor clusters are implemented with per-core and cluster power domains.
The big cluster is in the VBIG voltage domain, while the LITTLE cluster is in the VLITTLE
voltage domain. The system controller is in an always-on power domain. All the other
components are in the system logic power domain (SYSTOP).

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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Clock domains

Clock domains can interact with each other synchronously or asynchronously. Synchronous
clock domains can have independent source activity. Each cluster requires an independent
clock, and the CCI requires a clock.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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CoreTile Express A15x2 A7x3
Daughterboard

24MHz

Cortex-A15_A7 MPCore Test Chip

«——CPU_CLKO0_A15 OSCCLK
Cortex-A15 41 l«——CPU_CLKO_A15/2 A15 PLLOJ¢——CPUREFCLKO
MPCore |[«A15_CLK—|glitchless OSCCLK
Cluster mux  l«———CPU_CLK1_A15 A15PLL1 CPUREFCLK1—
$—— SYSCLK
| SYSPLL «——SYSREFCLK—{
Cortex-A7 44 ———CPU_CLK2_A7 [ A7pLLO CPUREFCLK2—| | OSCCLK
MPCore [«A7_CLK—glitchless «——CPU_CLK2_A7/2 2
Cluster mux
l—CPU_CLK3_A7 A7 PLL1 CcPUREFCLK3—— OSGCK
— TRACECLKA DAP
TRACECLKB —| CoreSight trace CCl-400
and debug  [«— PCLK — Interconnect
TPIU subsystem
TRACECLKIN ____ |
4———————ACLK

DMC-400 System
«——DDRCLK: Timer

System
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PXLCLK SP805 M{ Matrix
Async SMC Async M| OSCCLK
T DDR v 4
PLL
HDLCD SMB_CLKO Mo |_ |
PLL REFCLK24MHZ Demux
SMB_REFCLK SMB_CLKI 8MHz
cikp:op | PXEREFCLK | ppRrRrEFCLK F |_l
nCLK[1:0] MMB_IDCLK Daughterboard
Configuration
A4 HSB (M) Controller
2GB OSCCLK OSCCLK OSCCLK
DDR2 5 8 6 HSBM (CLK)
C HDRY ) (_HDRX )

Figure 2-10 CoreTile Express A15x2 A7x3 daughterboard clocks

ARM® CoreTile Express A15x2 A7%3 Technical Reference Manual, available at
https://developer.arm.com/documentation/ddi0503/1/
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Qualcomm’s documentation demonstrates that the accused devices are configured to contain a
first and second set of processor cores according to the above referenced architectures. For
example, both the Snapdragon 8 Gen 2 Octa-Core, die code Kailua, and Snapdragon 835 Mobile
Platform, MSM®8998, are configured with a first set of “Gold” cores and a second set of “Silver”
cores, each set having its own PLL Gold or PLL Silver with its own input and output clock signal,
and each having a separate power domain and power rails, both the power and output clock signal
being variable and the clusters being configured to receive the same:

Motivation

Current implementation

e Current implementation in CPUSS requires
that each core per cluster domain run at the s
same clock frequency. i

» This requirement is due to the fact that each
core doesn’t have its own PLL.

PLL 2L
Gold Sitwer

» OSM aggregates and chooses MAX
frequency for operation for those cores. ‘
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LLM & FW Interaction

» For Kailua implementation the MNDRC'’s can either be
controlled by FW or by LLM directly but not by both.

= When testing for LLM thermal mitigation data the MUX

control is switched to LLM that will drive per core MVAL O— T 1 o I 0
based onit’s LUT table. : !

= When gathering power profile data for SW the MUX control L
is switched to FW.

« Note that if there is a need to capture data from SW and
LLM driven MVAL’s to MNDRC then Interrupt driven control

is to be used to ensure we have single master that drives
MVAL.

= Note that POR implementation for inner and outer loop and

per core MPMM/PPM control remains the same.

» The Design has been introduced such that it does not affect
POR requirements of LLM and FW
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Claim 1

Accused Products

Post Waipio Options: Big and Little RISC-V Split(Azzedine)

Asynchronous
Two RISC-Vs : Big Risc-V run perigdically waken—up with timer
1. CP-B: High Frequency (Periodic usage - SW SCMI,
New features to generate data for CP-L of OSF,
b

CPU)

CP-L: Low Frequency mode

Complex features in “Big” RISC-V (CP-B)

will not be propagated to VT

4. Big Risc-V is to be designed in a way that
is not be product gating

5. Upgrade to SiFive solution is
recommended (to leverage opensource
SW tools™.)

w N

“Pulp is not fully compliant to the RISC-V archite

QCREDSTONE 0098870 at -74, -83, -84, -96.

QC HW Aggregator
&

Sequencer offload

GOLD cluster frequency plan
Mode PoR Frequency (MHz) Source (HF PLL) VCO freq (MHz) | PLLmode |L Value|PLL dIvPL:LcI.O::fJer (mW) | Period Jitter (ps) | Half-Cyc jitter (ps) |src_sel
T;‘_’rt/’gj:o f/?‘sg'/ii?/v 2764 APC1PLL-early 2764.8 HE 1 |1 8.9 232 sres
TTT';;;.’;’G—;\S’,"S???XI 2361 APC1PLL-early 23616 HF 123 | 1 102 2.5 srcs
;;‘/i;;;c;"s’/‘;i%‘\’l 2361 APCLPLL -early 23616 HF 23 | 1 106 275 sres
1‘;%?;9‘;\:253;:3\‘; 2361 APC1PLL -early 23616 HF 23 | 1 106 275 sres
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SILVER cluster y plan
Mode POR Frequency (MHz) Source (SR PLL) PLL config —
VCO freq (MHz) | PLLmode | LValue PLLdiv| PLL Power (mW) | Period Jitter (ps) = Half-Cyc jitter (ps) | src_sel

Tﬁ%ﬁ;\c/,b‘sz}iigv 2054 APCO PLL -early 2054.4 HF 107 1 122 316 sreS
TTT‘;?;’E;DS‘E?&\; 1843 APCO PLL-early 1843.2 HF 9% 1 136 353 srcs
#/rokl;;LD::/C:Sl/l:)?S%\\ll 1843 APCO PLL -early 1843.2 HF 96 1 136 353 srcS
E;:?g;gvfcsggf:;\l/ 1843 APCO PLL -early 1843.2 HF 96 1 136 35.3 sre
T;j_rrl;ggl:Df,N?;fOzizsv 2054 APCO PLL -early 2054.4 HF 107 1 12.2 316 sreS
ﬂ;;:;ol;\;sszlst)ggzov 1843 APCO PLL -early 1843.2 HF 96 1 13.6 353 srcS
WI;;?[;VL’ zs‘;ﬁ)?:\slov 1843 APCO PLL -early 1843.2 HF 96 1 122 316 sreS

QCREDSTONE 0123173 at-73, -77.
CPUSS

= Kryo 685 Next Gen V8

= Kryo Gold Prime Fmax: 2.6+ GHz

= Kryo Gold Fmax: 2.3+ GHz

= Kryo Silver Fmax: 1.8 GHz

= Kryo Gold Prime L1/L2 cache: 64 KB/1 MB
= Kryo Gold L1/L2 cache: 32 KB/512 KB

= Kryo Silver L1/L2 cache: 32 KB/128 KB

= Frequency of Operation

frequencies (Independently controlled).

synchronous
= Power rail
Gold Prime core and Gold core share VDD_APC1.
= Silver core and L3 logic share VDD_APCO.
L1 and L2 cache memory cell powered by VDD_MX.

head switch (GDHS) to power the core.

PAGE 10 80-PK177-36 Rev. B July 2020

QCREDSTONE 0039762 at -71

= Gold Prime, Gold, Silver, and L3 cache can operate at different

Within Silver cluster, all 4 Silver cores and L2 are synchronous.
= Within Gold cluster, all 3 Gold cores and L2 are synchronous.
Within Gold Prime cluster, Gold Prime core and L2 are

Each Kryo Silver/Gold/Gold Prime core has a global distributed

o]

CcPUT

Lo

Power Domains

VDD_APCO
(SMPS18)

IMB
Gold Prime
Gold cluster Cluster
I GDHS I | GDHS H GDHS ! I GDHS |
Silver Silver Silver Silver
CPUO CPU1 CPU2 CPU3
LD (| L Dﬂ L1DA || 11D
32 KB/32 K| |32 KB/32 K| |32 KB/32 K| [32 KB/32 K
8 B : B
B2l E e D
128KB || 128KB || 128KB || 128KB

Silver cluster
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CPU Power

= Customized 64-bit ARM v8-compliant apps processor (Kryo 2xx
CPU)

= Two Clusters in CPU subsystem — Kryo Gold and Kryo Silver

Kryo Gold Cluster — Quad Kryo high performance CPUs with 2.5 GHz
to 2.7 GHz Speed

Kryo Silver Cluster — Quad Kryo low power CPUs with 1.5 GHz to 1.9
GHz Speed

+ L1and L2 Cache:
L2 cache at 2 MB for Kryo Gold (=]
L2 cache at 1 MB for Kryo Silver
= Power rails:

Kryo Gold cluster and Silver cluster have dedicated, separate power
rails

PM8998 SMPS10 powers the Kryo Silver cluster

PM8998 SMPS11/12/13 are tied together as a single trace to power
the Kryo Gold cluster

Each Kryo Gold core has a block head switch (BHS) and each Kryo CPU Sub System

Power Domains

[MPSI0)

Silver core has a global distributed head switch (GDHS) to power the
core

= Gold and Silver cluster, along with the respective L2 cache, can
operate on a different clock source at different frequencies.

Within a cluster, the cores and L2 are synchronous

QCREDSTONE 0082868 at -878.
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CPU Core config and Rail Split

« CPU team is proposing the 1GP+5G+2S for Lanai CPU config to maximize the performance of Benchmarks and Gaming
« Reduction of Silver core (3->2) will negatively impact the DOU which is mostly running on Silver core
« APC1 rail splitis proposed to mitigate the DOU impact
« APCO - 2x Silver cores + L3 shared cache
« APC1 - 3x Gold cores
+ APC2 - 1x Gold Plus core + 2x Gold cores
+ PDN/PKG/PCB/PMIC analysis is being discussed here to mitigate any impact due to APC1 rail split

Siiver
i

OoE BEEE pEE
; i APCO

- LAPCO .
. oo}
CAPCO T A
Kailua 1+4+3 Lanai 14542 Lanai 1+5+2 Split

Unified

QCREDSTONE 0091042 at -44.
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Kailua CPUCP Hardware Bus DCVS HW Delta (CPuce (Kaiia) )
MM /15
{32KB) 7
DIiM ;
%
|~ ;
" ¢ &
-
NS
,§ ‘ 7 = 10-‘-%*:|°av~'c-‘t’:=w'ﬁ ‘ it
e 2 -o:j UsDEVS [LLEMC} Aggregaror 1RQs |—;>
—t ] ¢ Duta AFD i i
) Gl v 1907 ] gz |
CPR
cPy? e
] -
i ) <
) I —D' Qlimer = C - )
QCREDSTONE 0098768 at -70.
Additionally, Qualcomm documentation shows that each cluster of cores, e.g. gold and silver, is in
a different power domain and clock domain, configured to provide independent voltages and clock
signals to each cluster:
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LLM & FW Interaction

» For Kailua implementation the MNDRC'’s can either be
controlled by FW or by LLM directly but not by both.

= When testing for LLM thermal mitigation data the MUX

control is switched to LLM that will drive per core MVAL O— T 1 o I 0
based onit’s LUT table. : !

= When gathering power profile data for SW the MUX control L
is switched to FW.

« Note that if there is a need to capture data from SW and
LLM driven MVAL’s to MNDRC then Interrupt driven control

is to be used to ensure we have single master that drives
MVAL.

= Note that POR implementation for inner and outer loop and

per core MPMM/PPM control remains the same.

» The Design has been introduced such that it does not affect
POR requirements of LLM and FW
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Accused Products

Post Waipio Options: Big and Little RISC-V Split(Azzedine)

Asynchronous
Two RISC-Vs : Big Risc-V run perigdically waken—up with timer
1. CP-B: High Frequency (Periodic usage - SW SCMI,
New features to generate data for CP-L of OSF,
b

CPU)

CP-L: Low Frequency mode

Complex features in “Big” RISC-V (CP-B)

will not be propagated to VT

4. Big Risc-V is to be designed in a way that
is not be product gating

5. Upgrade to SiFive solution is
recommended (to leverage opensource
SW tools™.)

w N

“Pulp is not fully compliant to the RISC-V archite

QCREDSTONE 0098870 at -74, -83, -84, -96.

QC HW Aggregator
&

Sequencer offload

GOLD cluster frequency plan
Mode PoR Frequency (MHz) Source (HF PLL) VCO freq (MHz) | PLLmode |L Value|PLL dIvPL:LcI.O::fJer (mW) | Period Jitter (ps) | Half-Cyc jitter (ps) |src_sel
T;‘_’rt/’gj:o f/?‘sg'/ii?/v 2764 APC1PLL-early 2764.8 HE 1 |1 8.9 232 sres
TTT';;;.’;’G—;\S’,"S???XI 2361 APC1PLL-early 23616 HF 123 | 1 102 2.5 srcs
;;‘/i;;;c;"s’/‘;i%‘\’l 2361 APCLPLL -early 23616 HF 23 | 1 106 275 sres
1‘;%?;9‘;\:253;:3\‘; 2361 APC1PLL -early 23616 HF 23 | 1 106 275 sres
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SILVER cluster y plan
Mode POR Frequency (MHz) Source (SR PLL) PLL config —
VCO freq (MHz) | PLLmode | LValue PLLdiv| PLL Power (mW) | Period Jitter (ps) = Half-Cyc jitter (ps) | src_sel

Tﬁ%ﬁ;\c/,b‘sz}iigv 2054 APCO PLL -early 2054.4 HF 107 1 122 316 sreS
TTT‘;?;’E;DS‘E?&\; 1843 APCO PLL-early 1843.2 HF 9% 1 136 353 srcs
#/rokl;;LD::/C:Sl/l:)?S%\\ll 1843 APCO PLL -early 1843.2 HF 96 1 136 353 srcS
E;:?g;gvfcsggf:;\l/ 1843 APCO PLL -early 1843.2 HF 96 1 136 35.3 sre
T;j_rrl;ggl:Df,N?;fOzizsv 2054 APCO PLL -early 2054.4 HF 107 1 12.2 316 sreS
ﬂ;;:;ol;\;sszlst)ggzov 1843 APCO PLL -early 1843.2 HF 96 1 13.6 353 srcS
WI;;?[;VL’ zs‘;ﬁ)?:\slov 1843 APCO PLL -early 1843.2 HF 96 1 122 316 sreS

QCREDSTONE 0123173 at-73, -77.
CPUSS

= Kryo 685 Next Gen V8

= Kryo Gold Prime Fmax: 2.6+ GHz

= Kryo Gold Fmax: 2.3+ GHz

= Kryo Silver Fmax: 1.8 GHz

= Kryo Gold Prime L1/L2 cache: 64 KB/1 MB
= Kryo Gold L1/L2 cache: 32 KB/512 KB

= Kryo Silver L1/L2 cache: 32 KB/128 KB

= Frequency of Operation

frequencies (Independently controlled).

synchronous
= Power rail
Gold Prime core and Gold core share VDD_APC1.
= Silver core and L3 logic share VDD_APCO.
L1 and L2 cache memory cell powered by VDD_MX.

head switch (GDHS) to power the core.

PAGE 10 80-PK177-36 Rev. B July 2020

QCREDSTONE 0039762 at -71

= Gold Prime, Gold, Silver, and L3 cache can operate at different

Within Silver cluster, all 4 Silver cores and L2 are synchronous.
= Within Gold cluster, all 3 Gold cores and L2 are synchronous.
Within Gold Prime cluster, Gold Prime core and L2 are

Each Kryo Silver/Gold/Gold Prime core has a global distributed

o]

CcPUT

Lo

Power Domains

VDD_APCO
(SMPS18)

IMB
Gold Prime
Gold cluster Cluster
I GDHS I | GDHS H GDHS ! I GDHS |
Silver Silver Silver Silver
CPUO CPU1 CPU2 CPU3
LD (| L Dﬂ L1DA || 11D
32 KB/32 K| |32 KB/32 K| |32 KB/32 K| [32 KB/32 K
8 B : B
B2l E e D
128KB || 128KB || 128KB || 128KB

Silver cluster
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This arrangement of Gold+, Gold, and/or Silver cores arranged into clusters according to the
above referenced architectures is repeated throughout the accused products:

Netrani Halliday

-
R e < SRR
Debug PLls R e
LN e e I :
Kryo-6 oLe r(-— ---) QVUSER
CPU SS o T g g il |
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r Reaand — —— A — _—————. Sy : ¥ $ — — - S—— | — ——— 1
| CHIE B CHIE § CHIE |
| Snoop Filters |
| Asynchronous Bridge Asynchronous Bridge i
| maﬂ'}{sum}ga‘mf;}e‘aw; {8ayr] | [&ayF] i
=i P - 256MB Shared | J5E&S Shareo |
B A 5 X e S 125 128
' =jol=-fel=|=i=zi= 32K1 § 32K3 | ;MK | 32K '
= Bl Bl Bl Bl B Bl B 3RxD | 30 | W0 | 320 hooans
| SIE|Zj2|E121812 s ais | us]as !
| i R S B R PIYETE | Ryo A KOO R | RrvD I i
Kryc 3G | Keyo 86 | Ko 86 | Xrye BGe Coral | Corel | Coral | Cornd
' Coxu 6 | Coxnd | Cwes § Core? Kryos Keyok '
' L WKL ML WKL Compioxs Comgpias 3 I
! !
| Gold Cluster Siver Cluster |
| |
| Power peripherals W il |
i Controlier | i
-]
CFo D R— |
' % : y  From CNoC
| Debug PLLS 5 1
| RSCs (-—-g g WOOG I
| Kryo8xx SRR o MECLIER |
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Palawan
S cmt Joma fome] |
v,'"?:
Snoop Filters
SAZER | SLIeR | BEW | M | 1w e L
el el el el e - i
=121=121=1%1=1%1z=z1]* IS | B0 | ERD |-
iR s
= EEFEEY =]
Power penpher aks I
Controlier
T ’ From CNc¢
| o | i ==
Kryo8xx g ']Z
CPU SS
P S S e TR T e o
QCREDSTONE_0098556 at -558 to -562.
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4
4
TRUE

256
TRUE
FALSE

TRUE

PERIFPH PORT |

TRUE

512/1024/2048/4096K 4096KB

2

2

Selection ¢

Descnpticn

3 Gold + 1 Gold+

4 Silver Cores

Corinth cluster to the
Gladiator interconnect
interface is CHI

2x128bit wide CHI port to the
Gladiator interconnect
Include L3 Cache

ACP interface not included on
the Corinth cluster
Peripheral port not included
on the Corinth Cluster
Protect the L3 Cache RAMs
and snoop filter RAMs with
ECC

4M L3 cache

L3 Data RAM input latency is
1 cycle

L3 Data RAM output latency
is 2 cycle

QCREDSTONE 0090058 at -71.
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Claim 1 Accused Products

Design Details (Requirements/Features)

Bus Interface
CPU

.

2x256b CHI interfaces to GEMNoC from each DSI - Le Mans (
170 Coherency support via CHI
DVM broadeast {o systeny via CHI

.

»  Dual DSU Octa core processing unit - Le Maus Chauge

» 64-bit ACES-Lite Mastey port interface to system NOC - Le Manuw(
+ DSUO: 4 Kryo6G_prime (Hercules Prime) - Le ¥ + 32-bit AHE Slave portinterface to system NOC

32-bit AHBE Master port interface to system NOC (EPSS)
+  32KB/32KB L1 Cache APB :'a‘ia‘.'f. um't_mterﬁ?ce' to syste.m DAY

+  256KB L2 Cache ATH bus interface to CoreSight Trace component

«  APCO yail » Time Stamp hderface to CoreSight debug component
TAP portinteriace to JTAG fnterface

* oot processor

v

.

¢ DSUL: 4 KryobG_prime (Hercules Prime) - &
+  3ZKB/3ZKB L1 Cache . Fault
+  256kB L2 Cache . LBIST
¢ APCiraif « IEEE

AUTO

500 Tnterface for LBIST Infrastrachire from Sofl.
v And Parity Checks,

inth + Clock Monitoring
L3 (Corinth DSU) + 2D parity for CSRs {excluding ARM iogic C5Rs) - Le Mang Change
Power
¢ 4MBL3 Cache (2MB per DSU) . Power Management

+  Agyncte all CPUs within DSU . Y amic & ieakage mitipation.

*  APCO rail for DSUO & APCY rail for DSUL - 2 $ + MPMM Support by Hercules ARM Cores.

+ Tl power down mode to reduce power « EPSS access to DDR via ARB ( Use o if-joading single image of EPSS,

+ Natively supports dual 256b CHI Schedule assistance by providing shared data, Er rery implementation, ARM

SCF (3CHI based) pritotype
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hird Party IPs (3PIP) and Export Controlle

Do you have any 3rd Party IPs to declare? {note that this is a sign-off on the accuracy of your answer, which may have financial implications):

YES
# Changed from Previous Program QCOM
Supplier Licensed IP Description Instances {Y/N)? Owner Deita Comments h
Arm Limited ~ Hercules Processor/Hercules Crypto/HerculesPrime 8 yes L1/L2 size changed from 64KB/512KB to
Processor/HerculesPrime Crypto/Dynamiq Shared 32KB/256KB
Unit 8MB Version (DSU 8MB)
Arm Limited  Hercules Processor/Hercules Crypto/HerculesPrime 2 yes L3 size changed from 8MB to 2MB (per cluster)
Processor/HerculesPrime Crypto/Dynamiq Shared
Unit 8MB Version (DSU 8MB)
Arm Limited ~ GIC-Clayton Generic Interrupt Controller 1 yes GIC Beeton is replaced with GIC Clayton
Arm Limited ~ Coresight Components-Various 1 no
PULP RISCY RISC-V Core (Open Source Hardware Platform) 1 no
Platform https://www.pulp-platform.org/
QCREDSTONE 0091177 at -86-87, -248.
GOLD_PLUS frequency plan
Mode PoR Frequency (Mi1) Sourcs (HE PLL) VCO freq (MHz) | PLLmode | L Value | PLL uwﬂs:l?:::« (mW) | Period Jitter (ps) | Half-Cyc jitter (ps) | src_sel
T;‘;k;;’;zsr'sgzzgv 2956 APC1 PLL-early 2956.8 HF 154 | 1 85 220 srcs
TTT‘;::,)ZEOL‘.S/,OS.ZZZ‘(/ 2572 APCL PLL -early 2572.8 HF 134 | 1 100 260 srcs
'II‘;‘/’::;;ICS“S,/ZB;:‘OO\\’/ 2457 APC1 PLL -early 2457.6 HF 128 1 103 26.7 sres
GOLD cluster frequency plan
Mode PoR Erequency {Mets) Source (HF PLL VCO freq (MHz) | PLLmode | Vi PLLER | il st (mW) | Period litter (ps) | Half-Cyc jitter (ps) | src_sel
T]‘i':;g_—;;sr‘;iﬁ?/‘/ 2764 APCLPLL -early 27648 | WF @4 | 1 89 232 sres
TTI‘;'Ub:gOL\S/OSZ/SKI 2361 APCL PLL -early 23616 [ | 123 | 1 A 102 265 sres
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[SILVER cluster frequency pian
PLL config
Mode PoR Frequency (MHz) Source (SR PLL) VCO freq (MHz) | PLLmode | L Value | PLL div] PLL Power (mW) | Period litter (ps) | Half-Cyc jitter (ps) | src_sel
7;‘;’/’;—9‘; o 2054 APCO PLL -carly 2054.4 HE 107 | 1 122 316 sres
TTY"/':"QEO"\SI?;:/SZVV 1843 APCO PLL -early 18432 HE 9% | 1 136 353 srcs
T‘:‘;::ﬁ,csws/l;ggsg‘\// 1843 APCO PLL -early 1843.2 HF 96 1 136 353 sres
PLL I

[APSS_CC_SILVER_PLL : 44,00 | _PLL_SILVER_NOM 478.40

APSS_CC_SILVER_PLI 44.00 | _PLL_SILVER_NOM 478.40

APSS_CC_SILVER_PLI 44.00 | _PLL_SILVER_NOM 478.40

[APSS_CC_SILVER PLL TEST_ “cc_silver pll 144,00 | _PLL SILVER_NOM 478.40

PSS CCGOLDPLL pss._cc_gold_pll 401.60 | PLL GOLD NOM 593.60

APSS_CC_GOLD_ apss. cc_gold_pll_out _main 41.60 | PLL_GOLD_NOM 593.60

APSS_CC_GOLD_P apss_cc_gold_pll_out_even 401.60 | PLL_GOLD_NOM 593.60

[APSS_CC_GOL apss. cc_gold_pll_out_test 401.60 | PLL_GOLD_NOM 593.60

APSS_CC_L3_PLI apss_cc_I3_p 209.60 PLL_L3_NOM 344,00

APSS_CC_L3_PLL 209.60 PLL_L3_NOM 344.00

APSS CC_L3 PLI 209.60 PLL_3_NOM 344.00

APSS_CC_L3_PLL_TEST. 209.60 PLL_L3_NOM 344,00

APSS_CC_GOLD_PLUS_PLL 459.20 |PLL_GOLD_PLUS_NOM 651.20

APSS_CC_GOLD_PLUS_PUI 459.20{PLL_GOLD_PLUS_NOM 1651.20

APSS_CC_GOLD_PLUS. PL 459.20 {PLL_GOLD_PLUS NOM 1651.20

[APSS_CC_GOLD_PLUS_PLI 450.20 {PLL_GOLD_PLUS_NOM 1651.20
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Clock Source Data PLL F) | or Integer M Source Period| Duty Cycle
Root Clock Src PLLL PLLM PLL N Frequency (MHz) | Jitter (ns) Jitter (ns)
Tester 40.00 0.500 0.500
X0 19.20 0.500 0.500
SLEEP CLK 0.03] 0.500 0.500
PLL_ GOLD_CW 123 0 1 361.60 0.070 0.0275
PLL_GOLD_RCW 123 0 1 361.60 0.0101 0.0275
PLL_GOLD_CNOM 141 0 1 707.20 0.00! 0.0240
PLL_GOLD_TURBO_L1 108 0 1 073.60 0.0121 0.0314
PLL_GOLD_TURBO_LO 95 0 1 1824.00 0.0137 0.0356
PLL_GOLD_NOM_L1 83 0 1 1593.60 0.0155 0.0403
PLL_GOLD_NOM S £ I E— L —— i _1401.60 0.0178 0.0464
PLL_GOLD_SVS_L1 62 0 1 1190.40 0.02190 0.0630
PLL_GOLD_svs 49 0 1 940.80 0.0372 0.0798
PLL_GOLD_svs2 33 0 1 633.60 0.0711 0.1343
PLL_GOLD_SVS3 6 0 1 115.20{ _ 0.0883 0.1488
PLL_SILVER_CW 96 0 1 184320/  0.0136 0.0353
PLL_SILVER_RCW 96 0 1 1843.20 0.0136 0.0353
PLL_SILVER_CNOM 107 0 1 2054.40 0.0122 0.0318
PLL_SILVER_TURBO_L1 96 0 1 1843.20 0.0136 0.0353
PLL_SILVER_TURBO_LO 89 0 1 1708.80 0.0146 0.0381
PLL_SILVER_NOM_L1 77 "0 1 147840, 0.0167 0.0434
PLL_SILVER_NOM 70 0 1 1344.00] 00786 00484
PLL_SILVER_SVS_L1 58 0 1 1113.60 0.0227 0.0587
PLL_SILVER_SVS a7 0 1 902.40 0.0388 0.0831
PLL_SILVER_SVS2 31 0 1 595.20 0.0341 0.0341
PLL_SILVER_SVS3 ] 0 1 115.20; 0.0883 0.1488
PLL_L3 CW 83 0 1 1593.60 0.0167 0.0408
PLL_L3_RCW 83 0 1 1593.60 0.0157 0.0408
PLL_L3 CNOM 94 0 1 1804.80 0.0139 0.0360
PLL_L3_TURBO_L1 83 0 1 1593.60 0.0157 0.0408
PLL_L3 _TURBO_LO 78 0 1 1497.60! 00767 0.0434
PLL_L3 _NOM L1 70 0 1 1344.00 00786 0.0484
PLL_L3_NOM 6. 0 1 1209.60 0.0207 0.0538
PLL_L3 SVS L1 5. 0 1 198.40 0.0351 0.0744
PLL L3 SV: 42 0 1 06.40 0.0437 0.093.
{PLL_L3_svVs2 2 0 1 18.40 0.0549 0.054
PLL_L3 SVS3 6 0 1 15.20 0.0883 0.148¢
PLL_GOLD_TEST 54 0 1 2073.60! 0.0121 0.0314
|PLL_SILVER_TEST 54 0 1 1843.20 0.0136 0.0353

QCREDSTONE 0123173 at-173 to -177, -183, -316. See also QCREDSTONE 0108055,
QCREDSTONE 010943, QCREDSTONE 0110523, QCREDSTONE 0112461,

QCREDSTONE 0113841, QCREDSTONE 0114427, QCREDSTONE 0115813,

QCREDSTONE 0116536, QCREDSTONE_0117594; QCREDSTONE_0120263,

QCREDSTONE 0124233, QCREDSTONE 0125186, QCREDSTONE_0131099.
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Power Model

PEU
» Dynamic power model:
*Pdyn=a*IPC*V2*f
+ Alpha value is tuned per corner (LowSVS, SVS, .., Nominal, .., Turbo)

* GoldPlus and Gold: 9 alpha values each
+ Silver: 6 alpha values

Power Model
PEU

* Registers:

* Voltage: APSS_SILVER_CPRh_STATUS_[0-1]/ APSS_GOLD_CPRh_STATUS_[0-1]
« DCVSh_corner_last_voltage

* Frequency: EPSSSLOW_CLKDOM([0/1/2/3] _DOMAIN_STATE
« LVAL

* Temperature: APSS_SILVER_LMH_LLM_TEMP_RX_STS_0_i/
APSS_GOLD_LMH_LLM_TEMP_RX_STS_0_i

» IPC: PMU registers - Instructions and cycles (PMEVCNTRO_ELO, PMCCNTR_ELO)

QCREDSTONE 0099078 at -82 to -83.
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GOLD* Frequency(MHz) 11 Mia ElP@oalas LHUNTERELP@28851 | xHUNTERELP@2885.1
GOLD Frsquency {MHz} 2:XMKU2XMTH@2620,7 SxHUNTER@2589.2 SxHUNTER@2589.2
| SiLVERFrequency(MHz) | 3dGen@21979 0 oaves@pt4gs 1 diaves@2i485
LJFrequent;y(MHz) ‘ ; 1592.7 v :[905_3 v 1905.3
e e L el s
DDR Frequency (MHz} 4260.2 42078 4207.8
e e
Gold (MTH): Cache Size [L2/L1¥L1d] KB 256/32/a2
Gold (MKUHUNTER}: Cache Size [L2LYLIAIKB | 51222

Sitver{complex): Cache Size [L2/L1¥L1d] KB 128°/32/32

| SheisngerCaheSmiULIgK  emme L |
L3:Cache Size MB = : & 8t : g i : Ll :
D lmmssew 0 Daeeen L eees L e
DDRSS 4ch LPS 4ch LPS 4ch LPS
. e
> . (e 06 | A eocALe Lrene

Convex version convex_2021 08 20 _ver 03 O
9

convex_ 2022 0616 _ver 03.14 r2_convex_sandbox{ early stage)

QCREDSTONE 0090953 at -84.
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MAKENA CPUSS V2 - CONFIGURATION & Features

Number. Cores 4 4
L1SIZE | - 64KB 1-32KB
{INST/DATA) D - 64KB D -32KB
L2 SIZE 1024 KB 512 KB
RAIL APC1 APCO
GDHS Collapsible GDHS Collapsible
Version HERAP-MP136-r0p0-50eac0 HERCULESP-MP138-r0p0-50eacld

No GDHS
CORINTH-MP135-r4p2-00rel0

r1p6-00rel0
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KENA CPUSS — BLOCK DIAGRAM

bannsde AL B THE
W AMDA ¥ CHIL TUSTOM

sz

QCREDSTONE 0092294 at -96, -97.
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Table 1-1 SM7635 features

latest revision of the applicable software release notes to identify the enabled SM7635 features.

Peripherals/sensors

Fgerpeint

STHA NEC

1.1 Functional block diagram
SM7635
Memory support et
Qlink, RF e | EBI0 }___ LPODR4X SDRAM
B Kiyo 0ol | L2 cachie | €81 }-—-{ LPDDRS SORAM ]
4G/5G modem solution 4x Kiyo Silver
e [y
i End RFFE; (24uw) Il
i
2 i = ] D Low Power Al .
Y= nok L_._J Cmmmw | , | 5 |~ e
= vl 3§18 o rees
[ El2b8
1.2 SM7635 features
NOTE  Some of the hardware features integrated within the SM7635 must be enabled by software. See the

Feature

SM7635 capal

bility

Processors

Applications

QCREDSTONE 0013455 At -64, -65.

= Kryo CPU 7-Series built on Arm Cortex technology
o Kryo Prime: One high-performance core
Kryo Gold: Three high-performance cores
> Kryo Silver: Four low-power cores
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VDD_APCL VDD _APCO
[CFR monitorec [C2R Mot ed]

DD s VDD MK VDD £X

T EoKM

-------- G ‘ SYS-NOC |

QCREDSTONE 0096091 at -104.

[Ic] an interface block coupled | Each Accused Product comprises an interface block coupled to the first set of processor cores and
to the first set of processor also coupled to the second set of processor cores, wherein the interface block is configured to
cores and also coupled to the facilitate communication between the first set of processor cores and the second set of processor
second set of processor cores, | cores.

wherein the interface block is
configured to facilitate
communication between the

For example, the Snapdragon 8 Gen 2 Octa-Core includes a DynamIQ Shared Unit (DSU),
including a Snoop Control Unit (SCU), that is coupled to each core or to each set of processor
cores and is configured to communicate between the sets of processor cores, including by
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first set of processor cores and
the second set of processor

Ccores.

buffering and resynchronizing signals across clock domains and by maintaining coherency
between caches in the cores or complexes and/or with the L3 shared memory implemented by the
DSU.

For another example, the Snapdragon 835 Mobile Platform includes a cache coherent
interconnect, such as a CCI-400 or CCI-550, that is coupled to each core or to each set of
processor cores and is configured to communicate between the sets of processor cores, for
example by maintaining coherency between caches in the cores or complexes.

As shown in the relevant documentation, described above and reiterated here for the avoidance of
all possible doubt, the Accused Products implement either the big. LITTLE or DynamIQ
architecture, which are the heterogeneous processing architectures for the ARM Cortex-A53/A72
and ARM Cortex-A510/A710/A715 respectively.

The big.LITTLE architecture is also the heterogenous processing architecture for the ARM
Cortex-A7 and Cortex-A15 processors. For example, ARM documentation for the big. LITTLE
architecture expressly includes all four of these processors in its stated scope. ARM’s public
documentation of the big. LITTLE architecture describes the infringing cache coherent
interconnect in general, and also in the context of a “’typical big. LITTLE system” featuring
Cortex-A7 and Cortex-A15 processors. There is a reasonable inference that ARM’s document also
applies to the Accused Products with big. LITTLE architectures including Cortex-A53 and Cortex-
A72 cores.

And the ARM documentation for the ARM Cortex-A510 processor core expressly states that it
includes and supports the DynamIQ Shared Unit (DSU), creating a reasonable inference that
ARM’s DSU documentation also applies to the Accused Products with DynamlIQ architectures
including Cortex-A510, Cortex-A710, and/or Cortex-A715 cores.

Qualcomm documentation likewise confirms the use of DSU and cache coherency interconnects,
such as with a “Gladiator NOC,” in the manner described above to facilitate communication
between the clusters.

See, e.g.:
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The DynamlQ™ Shared Unit-110 (DSU-110) Power Policy Units (PPUs) control power management
for the Cortex®-A510 core. A Cortex®-A510 complex supports separate gated power domains
for the complex, for each core inside the complex, and for the Vector Processing Unit (VPU). It also
supports a dedicated voltage domain for each complex, and a voltage domain for the DSU-110
DynamIQ™ cluster.

Arm Cortex-A510 Core Technical Reference Manual at p. 39

When you implement a DSU-110 DynamIQ™ cluster, all interfacing between the cores, complexes,
and the DynamIQ™ Shared Unit-110 (DSU-110) is implemented automatically. All the external signal
inputs and outputs pass through the DSU-110. The DSU-110 buffers and resynchronizes many of
these signals to allow cores and complexes to be clocked at different speeds.

The memory interfacing of each core is internally connected to the DSU-110 L3 memory system.
Where necessary, the DSU-110 implements additional buffering to compensate for different clock
rates of the core and DSU-110 L3 memory system.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 34

All cores in the DSU-110 DynamlQ™ cluster, including those in complexes, are coherently
connected to an L3 memory system that includes an L3 cache and a Snoop Control Unit (SCU).

The SCU maintains coherency between caches in the cores and the L3 cache, and includes a
snoop filter to optimize coherency maintenance operations. The shared L3 cache simplifies process
migration between the cores.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 18
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Snoop Control Unit
The Snoop Control Unit (SCU) maintains coherency between all the data caches in the cluster.

The SCU contains buffers that can handle direct cache-to-cache transfers between cores without
having to read or write data to the L3 cache. Cache line migration enables dirty lines to be moved
between cores. Also, there is no requirement to write back transferred cache line data to the L3
cache.

The SCU contains a set of snoop filters that track the addresses for locations cached in the core
caches. Including the snoop filters means that the SCU does not need to fequest a look up in the
core caches when it receives a coherent memory request. These snoop filters are accessed by
coherent requests from the other cores or from the system. If there is a simultaneous hit in the L3
tags and the SCU snoop filters, then the L3 cache normally provides the data in preference to a
core. The size of the snoop filter is automatically determined from the configured number of cores
and the cache sizes in those cores.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 35
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[ et et ettt ettt )

| |
| DynamiQ \
I Shared Unit-110 | DynamliQ cluster :
| Complex 0 [
! Core 0 Core 1 |
| |
" - Core 4 Core 5 |
i CPU bridge CPU bridge ore ore !
|
| |
| : |
| Core 2 Core 3 Shared logic I
|
| : |
CPU bridge
: CPU bridge CPU bridge 9 I
| |
|
: DynamlQ cluster shared logic |
| |
! Snoop Control Unit (SCU) and L3 cache Accelerator |
! 4 Coherency Port !
| Power Policy ) (ACP) DebugBlock |
I Units (PPUs) L3 cache Snoop filters I
| DebugBlock |
! interface !
| |
: ‘ Memory interface ‘ Peripheral Port :
| |
| - - |
| | Utility bus | | DSU-110 bridges | 1
| |
| |
| |
| |
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Jd

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 17

1.2 Document scope

This application note focuses on the following processors and highlights important issues when
powering up or powering down processor cores and clusters on an SoC.

. Cortex"-A7.

. Cortex"-A15.

. Cortex"-A17.

. Cortex"-A53.

. Cortex"-AS57.

. Cortex"-A72.

. Cortex"-A73.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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21 ARM?® big.LITTLE" system example

A big LITTLE system uses two different types of cores that are combined in a coherent system.
big cores are designed for high performance while LITTLE cores are designed for high energy
efficiency. The big cores are used for resource-intensive software threads, and energy-efficient
LITTLE cores handle low-intensity software threads that use fewer compute resources. The
result is high energy efficiency and high performance.

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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STANDBYWFI/STANDBYWFIL2

SPIs
nFIQOUT

nIRQOUT Control signals

Interrupt Controller

nlRQ/nFIQ/ nlRQ/nFIQ/
nVFIQ/nVIQ nVFIQ/nVIQ

STANDBYWFI/STANDBYWFIL

Domain Bridge (slave)
Domain Bridge (master)

Domain Bridge (slave)
Domain Bridge (master)

ACE

ACE

ACE-LITE

Figure 2-1 A typical big.LITTLE system

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/
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GIC-400
t Interrupts t I Interrupts t

{

CCI-400 (Cache Coherent Interconnect)

1 ! !

Memory Controller System Port
Ports

Fig 1: Typical big.LITTLE system
As an example,

Figure 2 describes the pipeline designs for the Cortex-A15 and Cortex-A7 cores. The Cortex-A15 core is
designed to achieve high performance by running more instructions in parallel on a bigger and more
complex pipeline. On the other hand, the Cortex-A7 core’s pipeline is relatively simple and is designed to
be extremely power efficient. The Cortex-A7 core’s performance is lower than the Cortex-A15 core’s but it
is sufficient for most common usage scenarios executed by modern mobile devices. In fact, the Cortex-A7
core’s performance is close to Cortex-A9 core, which powers most smartphones today.

ARM White Paper “big.LITTLE Technology: The Future of Mobile Making very high
performance available in a mobile envelope without sacrificing energy efficiency,” available at
https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/big-little-technology-the-
future-of-mobile.pdf
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Cache Coherency Interface and big. LITTLE Technology

The key ingredient that makes big.LITTLE technology possible is coherency. big.LITTLE software models
require transparent and performant transfer of data between big and LITTLE processors. Hardware
coherency enables this, transparently to the software. Without hardware coherency, the transfer of data
between big and LITTLE cores would always occur through main memory - this would be slow and not
power efficient. In addition, it would require complex cache management software, to enable data
conherency between big and LITTLE processors

Figure 4 is an example of CPU subsystem consisting of a Cortex-A7 cluster, a Cortex-A15 cluster and a
set of system fabric components which enable the seamless data transfer between clusters. This fabric is
collectively referred to as a "Cache Coherent Interconnect” — in this case the ARM CoreLink™ CCI-400
interconnect IP. The system is completed by the CoreLink GIC-400, which provides dynamically
configurable interrupt distribution to all the cores.

ARM White Paper “big.LITTLE Technology: The Future of Mobile Making very high
performance available in a mobile envelope without sacrificing energy efficiency,” available at
https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/big-little-technology-the-
future-of-mobile.pdf
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Interrupts

Hbiill - JLLELLL

GIC-400
Interrupt Controller

ACE ¢ §
Interface ~ _ 4

CCI-400 Cache Coherent Interconnect
Figure 3: Cache coherency in a big.LITTLE system
ARM White Paper “big.LITTLE Technology: The Future of Mobile Making very high

performance available in a mobile envelope without sacrificing energy efficiency,” available at
https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/big-little-technology-the-

future-of-mobile.pdf
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As shown in Figure 3, the bus interfaces of Cortex-A15 and Cortex-A7 processors make use of the
AMBA® AXI Coherency Extensions (ACE) to the widely-used AMBA AXI protocol. This protocol provides
for coherent data transfer at the bus level. In the AMBA ACE protocol, three coherency channels are
added in addition to the normal five channels of AMBA AXI. As an example, the lower part of Figure
shows the steps in a coherent data read from the Cortex-A7 cluster to the Cortex-A15 cluster. This starts
with the Cortex-A7 cluster issuing a Coherent Read Request through the RADDR channel. The CCI-400
hands over the request to the Cortex-A15 processor's ACADDR channel to snoop into Cortex-A15
processor’'s cache. On receiving the request from CCI-400, the Cortex-A15 processor checks the data
availability and reports this information back through the CRRESP channel. If the requested data is in the
cache, the Cortex-A15 processor places it on the CDATA channel. Then the CCI-400 moves the data
from the Cortex-A15 processor's CDATA channel to the Cortex-A7 processor's RDATA channel, resulting
in a cache linefill in the Cortex-A7 processor. The CCI-400 and the ACE protocol enable full coherency

between the Cortex-A15 and Cortex-A7 clusters, allowing data sharing to take place without external
memory transactions.

ARM White Paper “big.LITTLE Technology: The Future of Mobile Making very high
performance available in a mobile envelope without sacrificing energy efficiency,” available at

https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/big-little-technology-the-
future-of-mobile.pdf

Gladiator NOC

= Gladiator NOC provides interconnect — Cache Coherency Interconnect (CCl) between:
* Kryo clusters
* DDR
= System Network Operations Center (NOC)
= Gladiator clock control handled in RPM
= In MSM8996, kernel manages the CCI clocks
= Provides hang detection and error reporting

QCREDSTONE 0082759 at -72.
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CPU Subsystem (cont.)

eis | [ Bus | [ Bus | | sms

Power Domains

|, ~ VDD_APCO |
e

Gold Cluster

GoHs | [ eoms | [ eous | [ cohs |

Silver Cluster

QCREDSTONE 0036560 at -71
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Claim 1 Accused Products

CPU Power

= Customized 64-bit ARM v8-compliant apps processor (Kryo 2xx
CPU)

= Two Clusters in CPU subsystem — Kryo Gold and Kryo Silver

Kryo Gold Cluster — Quad Kryo high performance CPUs with 2.5 GHz
to 2.7 GHz Speed

Kryo Silver Cluster — Quad Kryo low power CPUs with 1.5 GHz to 1.9
GHz Speed

» L1and L2 Cache:
L2 cache at 2 MB for Kryo Gold Goid clustes [eon ]
L2 cache at 1 MB for Kryo Silver
= Power rails:

Kryo Gold cluster and Silver cluster have dedicated, separate power
rails

PM8998 SMPS10 powers the Kryo Silver cluster

PM8998 SMPS11/12/13 are tied together as a single trace to power
the Kryo Gold cluster

Each Kryo Gold core has a block head switch (BHS) and each Kryo CPU Sub System

Power Domains

VAP
(EE

Silver core has a global distributed head switch (GDHS) to power the
core

= Gold and Silver cluster, along with the respective L2 cache, can
operate on a different clock source at different frequencies.

Within a cluster, the cores and L2 are synchronous

QCREDSTONE 0082868 at-78.
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Claim 1

Accused Products

UALCOMWA

Digttal Desian

POR Configurations

Kryod |

MASTER DATA WIDTH |

.3 DATA RD SLICE

SYNC :EVELS
ORE SYNC: LEVELS

ASYNG BRIDGE

CORE REG SLICE

‘arameter name *errvitiad vallies

4
TRUE

128
TRUE
FALSE

FALSE

TRUE

2048KB
1
2

FALSE*”"
{Optimistic Targel}

2
FALSE

TRUEFALSE
1S4l open)

FALSE

FALSE

4 Prometheus Cores

4 Ananke Cores

Corinth cluster to the Gladiator interconnect
Interface s ACE

1x128bit wide ACE port to the Gladiator
interconnect

Include L3 Cache

ACP interface not included on the Corinth
cluster

Peripheral port not included on the Corinth
Cluster {

Protect the L3 Cache RAMs and snoop fifter
RAMs wthECC =

ZM L3 cache

L3 Data RAM (nput iawncyis 1 cycie

L3 Data RAM output latency is 2 cycle |

L3 Data RAM cutput register stice. Depending
on placement and wire delay, we may or may
nat need the register slice.

The number of synchronizer stages in all
asynchronous inpuls to the SCU and cluster
logic

The number of synchronizer stages in al
asynchronous inputs to the CPU core logic
Include the asynchronous bridge for the main
bus between L2 and L3

Include a register slice between the core and the
SCU. Depending on placement and Floorpian,
some CPU cores may need register slice
between core and the SCU.

Do not use a v7 memory map for the debug
components.

Do no include support for the CHI Porter
Interconnect SAM (swem addtees map). Since

ACK et e ok Lo ocineh,

QCREDSTONE 0087481 at -93.
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Claim 1

Accused Products

1.2 Features
This section provides a summary of features of the CPU SS subsystem.
CAS53 CPU power cluster (These corcﬁ are ARM’s implementation of the ARMvS
architecture).

s CAS3 CPU Power Cluster 0 eptinaised-for-oowerwith 32 kB I/D L1 cache, 512 kB L2 cache.
ECC/Parity cache protection supported for both L1 and L2,

s UM@maA 3 CPU Performance Cluster | epiiniized forperformanee-with 48 KB I, 32 KB D LI

cache, | MB L2 cache. ECC/Parity cache protection supported for both L1 and L2.

] P ¢
A 83 zores i hoth now

v vyl merfarireres ohictor i ntired frn comriinetrie B A Thancas
md perfonuance chiter opiinuzed for synuneine PPA {Powes

m Cache Coherent Interconnect (Gladiator) connecting two CPU clusters using ACE interfaces
and interfacing with memory sub System with two interleaved AXI3 compliant interfaces.
Gladiator S! 2 port connects to the power cluster and S 4 port connects to the performance
cluster. Gladiator Si.% port is for the Gladiator register accesses from APSS AHB. Gladiator
M1 -Miport i ware-for memory and device accesses.

QCREDSTONE 0087836 at -39.
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8 Kryo Clocks and Resets

8.1 Clocks:

The DSU requires clock signals for each of the cores, internal logic, and external interfaces.
The following table describes the clocks.

Signal Description
CORECLK|CN:0] The per-core clocks for all core logic including L1 caches
and L2 caches.
SCLK The clock for the SCU and L3 memory system, including the

ACE or CHI master interface. SCLK is also used
for any cores that are configured to run synchronously to the
DSU.

PCLK The clock for the DebugBlock and DSU debug APB
interfaces.

Note: The DebugBlock and cluster both have PCLK inputs.

You might choose to connect these to the same clock.

Alternatively, you might choose to place an asynchronous

bridge between the two clock inputs, in which case

they might be different clocks.

ATCLK The clock for the ATB trace buses output from the DSU.

Note :

All ATB buses output from the DSU share the same clock.

GICCLK The clock for the GIC AXI-stream interface between the

DSU and an external GIC

PERIPHCLK The clock for penipheral logic inside the DSU such as timers,
management logic. |

and clock and power t

All cloeks can be driven fnlly asynchronously to each other. The DSU contains all the necessary
g logic for g b clock domains. There are no clock dividers and no latches in
the design. 'l‘hccnuredcsagnlsnungedgemggemd_

Note :
e Itis possible to configure some or all the cores to run synchronously with the L3 memory system. If
this option is chosen, the corresponding CORECLK signals are not present and the synchronous

cores run with SCLK.

e The DebugBlock can be clocked by a different clock from the DSU PCLK. To allow this, the
macrocell implementer can choose to add asynch bridges b the DSU and the
DebugBlock.

Some external interfaces, such as the main ACE or CHI master interface, support a clock enable input to

QCREDSTONE 0088972 at -91.
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Design Details (Features)

« CPUs « Bus Interface
1 KryoS5G+ @3.0 GHz/Turbo L3 Cnom (Deimos 2x256b CHI interfaces to MemNoC
Based) 11O Coherency support via CHI
3 Kryo5G @2.65 GHz/Turbo L3 Cnom (Deirnos - DVM broaccast to system via CHIOS8
Based) um%nmmummhmuam
! m':fu e 32-bit AHB Stave port interface to system NOC

APB Slave port inlerface 10 system DAP
ATB bus interface to CoreSight Trace component
Time Stamp interface 1o CoreSight cebug

512kB L2$ (Gold+)'256kB L2${Gold)
- APC1 rail

B Kryoss @1.8 GHz/Nom (Ananke Based) component
ARM v8 2 compliant + v8.4 Dol Insir TAP port . -
Boot processor
3232k L1S Power

- 128k8 L2S OSM3.0

- APCOrall Hardware cache flushing at all levels of cache

« L3 (Corinth DSU) without any software intervention
© 4MB L3$ @1.6 GHz/Turbo LO * Low power modes for aggressive dynamic &

Async 1o all CPUs leakage mitigation

- APCO rail

Full power down mode Lo reduce power

QCREDSTONE 0089100 at -04.
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Claim 1 Accused Products

APB from CPUSS AHB

Kailua CPUCP Hardware Bus DCVS HW Delta (Croce faton) ;

!

RISCY Core

i
i
! SNOC CNOE M /S
l QDss I | [ GFMNoC H (32¢8)
. H stmb or xpU .
- : cHio cHi1 svs.cHI prefectod oTIM
]
L] aes |
Decoder|
i
'
i
B

PERIPHPORT

NdN

NseGand Ns=1
MMU Frotected

'
¥ Qo g0l syscht

DsU (8MB)

w3 SUERD. ...
CTBSios

3 8iicas "
13 Siced

fola s o}

J oo ’—'W

Mermery

— G |- —
—

y ACD ADDR FIFO. &
4D Daa FIFQ
et 3 Sequencer

Shared 12 Cache.

[Eomplexd

—

{ AR & PLL Data FIFO iy

R = j <
2, L2 Cocne Controlier |7
- g oy -
Comj QTimer —
KLEIN \. .

[

Shared L2 Cache

CREDSTONE 0098768 at -70.
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6 Kryo Clocks and Resets

6.1 Clocks:

The DSU requires clock signals for each of the cores, internal logic, and external interfaces.
The following table describes the clocks.

Signal Description
CORECLK|CN:0) The per-core clocks for all core logic including L1 caches
and L2 caches.
SCLK The clock for the SCU and L3 memory system, including the

ACE or CHI master interface. SCLK is also used

for any cores that are configured to run synchronously to the
DSU.

PCLK The clock for the DebugBlock and DSU debug APB
interfaces.

Note: The DebugBlock and cluster both have PCLK inputs.
You might choose to connect these to the same clock.
Alternatively, you might choose to place an asynchronous
bridge between the two clock inputs, in which case

they might be different clocks.

ATCLK The clock for the ATB trace buses output from the DSU.
Note :
All ATB buses output from the DSU share the same clock.

GICCLK The clock for the GIC AXI-stream interface between the
DSU and an external GIC

PERIPHCLK The clock for penpheral logic inside the DSU such as timers,

and clock and power management logic.

All clocks can be driven fully asynchronously to each other. The DSU contains all the necessary
synchronizing logic for crossing between clock domains. There are no clock dividers and no latches in
the design. The entire design is rising edge triggered.

QCREDSTONE 0090274 at -91, -92.
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Claim 1

Accused Products

Design Details (Requirements/Features) (2/2)

cPyU Bus Interface

2x250b O Interfices to MemNed

1/0 Cobereacy suppaort via CHI

DVM broadcast to system via O

64-bot ACE-Lite Mastor port interface to syssem NOC
32-bvt AHB Slave port interface to system NOX

APE Slave port interface to system DAP

ATE bus interface to CoreSight Trace component
Time Stamp interface 10 CoreSight debag component
TAP port interface to [TAG interface

* AKryo6GP (Mera)  Madens 0
* 64KB/64KB L1 Cache
* IMBE L2 Carhe
«  APCI el

* 4 KryobG (Hercules) -
*  Boot processor
¢«  32KB/32KB L1 Cache
« SI12kR L2 Cache
«  APCO rail AUTO

Fanlt Monstoring lor Safety Mansger

LENST and MBIST Capabdity at Cold Boot

IEEEL1S00 Interface Sor LEIST Iafrastructure from Sol

Error And Parity Checks

Cleck Monitoring

P T T R

L3 (Corinth DSU)

e e

* BMB L3I Cache
*  Async to all CPUs Power
APCD ruil 0OSM3 1 - EPSS for Actrve Power Managrmoent
Low power modes for aggressive dymamic & leakage mitigatson
Partial Power Down Sappert lor L3
MPMM Support by HERA Mercules ARM Cores

.
¢ Full power down mode to recuce power
¢ Partigd Power Down Capability - M
.

Natively supports dual 2560 CHI

B

QCREDSTONE 0091858 at -66.
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Claim 1 Accused Products
CPUSS Syslemn Saltware ant Architecture Teamn O Ll 0":(:’1'\/\/\/\
12132018
Qualcomm Technzioges, Inc
ARMvS CPU and DSU AMU Requirements
- Klein, Matterhorn and Theodul
QCREDSTONE 0098363.
Claim 5
Claim 5 Accused Products

5. The multi-core processor of
claim 1, wherein the first set of
processor cores and the second
set of processor cores are
configured to receive one or
more control signals from one

Each Accused Product comprises a multi-core processor of claim 1, wherein the first set of
processor cores and the second set of processor cores are configured to receive one or more
control signals from one or more control blocks located in a periphery of the multi-core processor.

For example, according to ARM’s documents and reference design, the multi-core processor
should contain a system control processor (SCP) to control voltage, power, and clocks, and power
policy units (PPUs) to manage power states on each voltage domain. On information and belief,
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Claim 5

Accused Products

processor.

or more control blocks located | each DynamIQ Accused Product contains an SCP and one or more PPUs as described.
in a periphery of the multi-core | Identification of the physical location of the control blocks is proprietary information of

Qualcomm that is the proper subject of fact discovery and to date no production detailing the
physical location of any blocks has been made.

For another example, according to ARM’s documents and reference design, a big. LITTLE multi-
core processor should contain a power controller and other controllers for supplying control
signals as claimed. Identification of the physical location of the control blocks is proprietary
information of Qualcomm that is the proper subject of fact discovery and to date no production
detailing the physical location of any such blocks has been made.

See, e.g.:
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Claim 5 Accused Products

6.1 The Power Policy Unit

Power mode control for the DynamIQ™ Shared Unit-110 (DSU-110) is provided by the Power Policy
Units (PPUs) that are integrated into the cluster. These PPUs control all the PPU modes for all
components in the cluster.

A PPU is a standard component for abstracting software-controlled power domain policy to
low-level hardware control signaling. There is one PPU for controlling the DSU-110 DynamIQ™
cluster power domain (PDCLUSTER). Also, each core has its own individual PPU for controlling its
respective core power domain (for example, a PPU for PDCOREO and a PPU for PDCORE1). This
includes any cores included as part of a complex.

A component in the system such as a System Control Processor (SCP) can program the PPUs through
the utility bus to set the required power policy. The PPUs control the low-level details of powering
up, powering down, and resetting domains as necessary to implement the requested policy. The
hardware performs any actions to reach the requested power mode, such as gating clocks, cleaning
and invalidating caches, or disabling coherency.

e Although the cluster and each core in the cluster has their own PPU, the shared
logic of a complex does not have a dedicated PPU. Instead, power management
of the complex is controlled as a combination of the PPUs for the cores it
contains. See Table 5-8: PPU mode and power domain states for a dual-core
complex on page 74.

e The cluster and all the core PPUs are provided as part of the DSU-110.

e The implementation process automatically creates the PPU for the cluster and
each core PPU, and connects these into the DSU-110 DynamIQ™ cluster. Each
PPU has a set of memory-mapped control registers which is accessed using the
utility bus.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 78
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Claim 5

Accused Products

4.3 Power control

Good power management is key to reduce system power consumption while maintaining a high
performance.

An RD-TC21 reference subsystem contains the following power management features:

Multiple voltage domains to allow for Dynamic Voltage and Frequency Scaling (DVFS) on
application processors and the GPU

Multiple power-gated regions provide comprehensive leakage management
Multiple power modes for different system scenarios

A System Control Processor (SCP) based on a Cortex®-M3 processor controls power, clock, reset,
and the static configuration of the system

Power Policy Units (PPUs) are used to manage power states of each voltage and power domain
under the control of the SCP

Arm® Total Compute 2021 Reference Design Software Developer Guide at 47-48
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Claim 5 Accused Products

SCP runtime firmware

The SCP runtime firmware executes after Trusted Firmware for A-profile (TF-A) BL2 has
authenticated and copied it from flash.

The SCP runtime firmware performs the following functions:

* Responds to System Control and Management Interface (SCMI) messages through Message
Handling Unit (MHU) version 2.0 for processor power control and Dynamic Voltage and
Frequency Scaling (DVFS)

e Power domain management

e Clock management

Id. atp. 65
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Claim 5

Accused Products

STANDBYWFI/STANDBYWFIL2

SPIs
nFIQOUT

nIRQOUT Control signals

Interrupt Controller

nIRQ/nFIQ/ nIRQ/nFIQ/
nVFIQ/nVIQ nVFIQ/nVIQ

STANDBYWFI/STANDBYWFIL

‘ SCUIL2 Cache Generic SCUIL2 Cache
Counter

Domain Bridge (slave)

Domain Bridge (master)

Domain Bridge (slave)

Domain Bridge (master)

ACE

ACE

ACE-LITE

Figure 2-1 A typical big.LITTLE system

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/, at 15 (2-3)
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Claim 5

Accused Products

211 big cluster and LITTLE cluster

This example system uses a big cluster and a LITTLE cluster, and each cluster consists of four
cores.

There are five power domains for each cluster. Each core is in its own power domain to enable
individual powerdown. The rest of the logic within a cluster is in a different power domain.
Isolation cells exist between power domains for isolation.

Each cluster is implemented in an independent voltage domain with an independent clock
source. Each of the clusters has a unique Dynamic Voltage and Frequency Scaling (DVFS)
curve. Therefore, cores in the same cluster must traverse an Operating Performance Point
(OPP) together. You can change the OPP of cores in a cluster, without affecting the cores in the
other cluster.

1d.
21.2 Power controller

The power controller contains the hardware power control functions of the SoC. The operations
of the power controller are both directed by the Operating System Power Management (OSPM)
software and hardware events in the system. The power controller works closely with relevant
signals of ARM IPs and other system components for power saving.

1d.

Qualcomm’s documentation confirms the accused products include the same or similar SCP, PPU,
and Power Controller blocks.
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Claim 5 Accused Products

Motivation

Current implementation
¢ Current implementation in CPUSS requires

that each core per cluster domain run at the oous
same clock frequency. ; |

» This requirement is due to the fact that each
core doesn’t have its own PLL.

PLL Pl
Gold Sitver.

* OSM aggregates and chooses MAX
frequency for operation for those cores. ‘
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Case 7:24-cv-00231-ADA Document 62-4
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Claim 5

Accused Products
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Claim 5 Accused Products

LLM & FW Interaction

» For Kailua implementation the MNDRC'’s can either be
controlled by FW or by LLM directly but not by both.

= When testing for LLM thermal mitigation data the MUX
control is switched to LLM that will drive per core MVAL @ -
based onit's LUT table.

bt
= When gathering power profile data for SW the MUX control L ?
is switched to FW.

« Note that if there is a need to capture data from SW and
LLM driven MVAL’s to MNDRC then Interrupt driven control

is to be used to ensure we have single master that drives
MVAL.

FE

= Note that POR implementation for inner and outer loop and

per core MPMM/PPM control remains the same.

» The Design has been introduced such that it does not affect
POR requirements of LLM and FW

QCREDSTONE 0098870 at -74, -83, -84.
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Claim 5 Accused Products
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Claim 5 Accused Products

Design Details (Requirements/Features)

CPU

Bus Interface

o5 to GEMNoC from each DSU - Le Maus Change

»  Dual DSU Octa core processing unit - Le Mans Chang

+ 32-bit AHE Sk
2-bit AHR Master po
Slave port interf;

+  DSUO: 4 Kryo6G_prime (Hercules Prime) - Ly 8ans Change
* oot pr o1
L1 Cache

ce o system NOC (EPSS)
ysten: DAY

= 2 (B 12 Cache Sight = component
APCO yail > to CoreSight debug component
interface
« DSUL:4 If(ryﬂé.(l_primc (Hercules Prime) - Le Mans Change AUTO
32KB L1 Cache ver

Cache
APC1 raif

L3 (Corinth DSU)

¢ 4MBL3 Cache (2MB per DSU)

Lo Mang Change

QCREDSTONE 0091177 at -86-87.

Claim 8

Claim 8 Accused Products

8. The multi-core processor of | Each Accused Product comprises a multi-core processor of claim 1, wherein the first set of
claim 1, wherein the first set of | processor cores are located in a first region of the multi-core processor, and the second set of
processor cores are located in a | processor cores are located in a second region of the multi-core processor.

first region of the multi-core
processor, and the second set
of processor cores are located

For example, on information and belief each core is located a region of the multi-core processor.
Identification of the physical arrangement of the cores is proprietary information of Qualcomm
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in a second region of the
multi-core processor.

that is the proper subject of fact discovery and to date no production detailing the physical
location of any blocks has been made.

See, e.g.:

Arm® Total Compute 2021 Reference Design Software Developer Guide at 15
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Claim 8 Accused Products

Qualcomm

Prime

CPU
3.2GHz

Performance

CPU CPU

Efficiency

CP

CPU CPU

{z 2.0GHz

y 2.0GHz

https://www.androidauthority.com/snapdragon-8-gen-2-explained-3231826/
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Claim 8

Accused Products
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Figure 2-1 A typical big.LITTLE system

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note
424,” available at https://developer.arm.com/documentation/dai0424/a/, at 15 (2-3)
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Claim 8 Accused Products

On information and belief, Qualcomm physically groups components, including groups of
processor cores based on common voltages/power such groups of processor cores such as the first
and second processor cores are each physically grouped together as they use voltage APCO and
APCI respectively, see e.g. QCREDSTONE 0091177 at -87, -87, QCREDSTONE 0096091 at -

104:
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3.5 SDM670 Pinmap Interface Locations

Figure 3-4 SDM670 Pinmap interface signal and 10 assignment diagram
QCREDSTONE 0031600 at -21.
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Claim 9

Claim 9

Accused Products

9. The multi-core processor of
claim 8, wherein the first
region and the second region
are overlapping regions of the
multi-core processor.

Each Accused Product comprises a multi-core processor of claim 8, wherein the first region and
the second region are overlapping regions of the multi-core processor.

For example, on information and belief there is either some overlap or no overlap of the first and
second regions. Identification of the physical arrangement of the cores is proprietary information
of Qualcomm that is the proper subject of fact discovery and to date no production detailing the
physical location of any blocks has been made.

Claim 10

Claim 10

Accused Products

10. The multi-core processor
of claim 8, wherein the first
region and the second region
are non-overlapping regions of
the multi-core processor.

Each Accused Product comprises a multi-core processor of claim 8, wherein the first region and
the second region are non-overlapping regions of the multi-core processor.

For example, on information and belief there is either some overlap or no overlap of the first and
second regions. Identification of the physical arrangement of the cores is proprietary information
of Qualcomm that is the proper subject of fact discovery and to date no production detailing the
physical location of any blocks has been made.

On information and belief, Qualcomm physically groups components, including groups of
processor cores based on common voltages/power such groups of processor cores such as the first
and second processor cores are each physically grouped together as they are in power domain
APCO and APCI1 respectively, see e.g. QCREDSTONE 0091177 at -87, -87,

QCREDSTONE 0096091 at -104:
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3.5 SDM670 Pinmap Interface Locations

Figure 3-4 SDM670 Pinmap interface signal and 10 assignment diagram
QCREDSTONE 0031600 at -21.
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Claim 21

Claim 21

Accused Products

[21pre]. A multi-core
processor, comprising:

To the extent the preamble is limiting, each Accused Product comprises a multi-core processor.

See analysis and evidence of claim 1 preamble above.

[21a] a first set of processor
cores of the multi-core
processor, wherein each
processor core from the first
set of processor cores is
configured to dynamically
receive a first supply voltage
from a power control block
and a first output clock signal
from a first phase lock loop
(PLL) having a first clock
signal as input in a clock
control block;

Each Accused Product comprises a first set of processor cores of the multi-core processor,
wherein each processor core from the first set of processor cores is configured to dynamically
receive a first supply voltage from a power control block and a first output clock signal from a
first phase lock loop (PLL) having a first clock signal as input in a clock control block.

See analysis and evidence of claim element [1a] above.

Furthermore, each DynamIQ Accused Product includes a power control block and a clock control
block. For example, according to ARM’s documents and reference design, the multi-core
processor should contain a system control processor (SCP) to control voltage, power, and clocks,
and power policy units (PPUs) to manage power states on each voltage domain. On information
and belief, the processor in each DynamIQ Accused Product contains an SCP and one or more
PPUs as described.

For another example, according to ARM’s documents and reference design, a big. LITTLE multi-
core processor should contain a power controller and other controllers for supplying the voltage
and clock signals as claimed.

See, e.g.:
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Claim 21 Accused Products

6.1 The Power Policy Unit

Power mode control for the DynamIQ™ Shared Unit-110 (DSU-110) is provided by the Power Policy
Units (PPUs) that are integrated into the cluster. These PPUs control all the PPU modes for all
components in the cluster.

A PPU is a standard component for abstracting software-controlled power domain policy to
low-level hardware control signaling. There is one PPU for controlling the DSU-110 DynamIQ™
cluster power domain (PDCLUSTER). Also, each core has its own individual PPU for controlling its
respective core power domain (for example, a PPU for PDCOREO and a PPU for PDCORE1). This
includes any cores included as part of a complex.

A component in the system such as a System Control Processor (SCP) can program the PPUs through
the utility bus to set the required power policy. The PPUs control the low-level details of powering
up, powering down, and resetting domains as necessary to implement the requested policy. The
hardware performs any actions to reach the requested power mode, such as gating clocks, cleaning
and invalidating caches, or disabling coherency.

e Although the cluster and each core in the cluster has their own PPU, the shared
logic of a complex does not have a dedicated PPU. Instead, power management
of the complex is controlled as a combination of the PPUs for the cores it
contains. See Table 5-8: PPU mode and power domain states for a dual-core
complex on page 74.

e The cluster and all the core PPUs are provided as part of the DSU-110.

e The implementation process automatically creates the PPU for the cluster and
each core PPU, and connects these into the DSU-110 DynamIQ™ cluster. Each
PPU has a set of memory-mapped control registers which is accessed using the
utility bus.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 78
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Claim 21

Accused Products

4.3 Power control

Good power management is key to reduce system power consumption while maintaining a high
performance.

An RD-TC21 reference subsystem contains the following power management features:

Multiple voltage domains to allow for Dynamic Voltage and Frequency Scaling (DVFS) on
application processors and the GPU

Multiple power-gated regions provide comprehensive leakage management
Multiple power modes for different system scenarios

A System Control Processor (SCP) based on a Cortex®-M3 processor controls power, clock, reset,
and the static configuration of the system

Power Policy Units (PPUs) are used to manage power states of each voltage and power domain
under the control of the SCP

Arm® Total Compute 2021 Reference Design Software Developer Guide at 47-48
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Claim 21 Accused Products

SCP runtime firmware

The SCP runtime firmware executes after Trusted Firmware for A-profile (TF-A) BL2 has
authenticated and copied it from flash.

The SCP runtime firmware performs the following functions:

* Responds to System Control and Management Interface (SCMI) messages through Message
Handling Unit (MHU) version 2.0 for processor power control and Dynamic Voltage and
Frequency Scaling (DVFS)

e Power domain management

e Clock management

Id. atp. 65
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Claim 21

Accused Products
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Figure 2-1 A typical big.LITTLE system

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note

424,” available at https://developer.arm.com/documentation/dai0424/a/, at 15 (2-3)
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Claim 21

Accused Products

211 big cluster and LITTLE cluster

This example system uses a big cluster and a LITTLE cluster, and each cluster consists of four
cores.

There are five power domains for each cluster. Each core is in its own power domain to enable
individual powerdown. The rest of the logic within a cluster is in a different power domain.
Isolation cells exist between power domains for isolation.

Each cluster is implemented in an independent voltage domain with an independent clock
source. Each of the clusters has a unique Dynamic Voltage and Frequency Scaling (DVFS)
curve. Therefore, cores in the same cluster must traverse an Operating Performance Point
(OPP) together. You can change the OPP of cores in a cluster, without affecting the cores in the
other cluster.

1d.

21.2 Power controller

The power controller contains the hardware power control functions of the SoC. The operations
of the power controller are both directed by the Operating System Power Management (OSPM)
software and hardware events in the system. The power controller works closely with relevant
signals of ARM IPs and other system components for power saving.

1d.

Qualcomm’s documentation confirms the accused products include the same or similar SCP, PPU,
and Power Controller blocks.
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Claim 21 Accused Products

Motivation

Current implementation
¢ Current implementation in CPUSS requires

that each core per cluster domain run at the oous
same clock frequency. ; |

» This requirement is due to the fact that each
core doesn’t have its own PLL.

PLL Pl
Gold Sitver.

* OSM aggregates and chooses MAX
frequency for operation for those cores. ‘

142



CONFIDENTIAL — OUTSIDE ATTORNEYS’ EYES ONLY

Case 7:24-cv-00231-ADA Document 62-4

Filed 06/04/26

Page 144 of 167

Claim 21

Accused Products

i PU Conirol

Comed

Throttie data
wOSM

Thotde |

inemupts to
RISCY

P T

...........

S e

P

PO Er amming to

MNDRC

Kailua

143




Case 7:24-cv-00231-ADA  Document 62-4  Filed 06/04/26  Page 145 of 167

CONFIDENTIAL — OUTSIDE ATTORNEYS’ EYES ONLY

Claim 21 Accused Products

LLM & FW Interaction

» For Kailua implementation the MNDRC'’s can either be
controlled by FW or by LLM directly but not by both.

= When testing for LLM thermal mitigation data the MUX
control is switched to LLM that will drive per core MVAL @ -
based onit's LUT table.

bt
= When gathering power profile data for SW the MUX control L ?
is switched to FW.

« Note that if there is a need to capture data from SW and
LLM driven MVAL’s to MNDRC then Interrupt driven control

is to be used to ensure we have single master that drives
MVAL.

FE

= Note that POR implementation for inner and outer loop and

per core MPMM/PPM control remains the same.

» The Design has been introduced such that it does not affect
POR requirements of LLM and FW

QCREDSTONE 0098870 at -74, -83, -84.
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Claim 21 Accused Products
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Claim 21

Accused Products

Design Details (Requirements/Features)

Bus Interface

CPU
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E pd 143
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Async te all CPUs within DSU
AP f "

o Mang Change

QCREDSTONE 0091177 at -86-87.

[21b] a second set of processor
cores of the multi-core
processor, wherein each
processor core from the second
set of processor cores is
configured to dynamically
receive a second supply
voltage from the power control
block and a second output
clock signal from a second
PLL having a second clock

Each Accused Product comprises a second set of processor cores of the multi-core processor,
wherein each processor core from the second set of processor cores is configured to dynamically
receive a second supply voltage from the power control block and a second output clock signal
from a second PLL having a second clock signal as input in the clock control block, wherein the
first supply voltage is independent from the second supply voltage, and the first clock signal is
independent from the second clock signal

See analysis and evidence of claim element [1b] above.

Furthermore, each DynamIQ Accused Product includes a power control block and a clock control
block. For example, according to ARM’s documents and reference design, the multi-core
processor should contain a system control processor (SCP) to control voltage, power, and clocks,
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Claim 21

Accused Products

signal as input in the clock
control block, wherein the first
supply voltage is independent
from the second supply
voltage, and the first clock
signal is independent from the
second clock signal; and

and power policy units (PPUs) to manage power states on each voltage domain. On information
and belief, each DynamIQ Accused Product contains an SCP and one or more PPUs as described.

For another example, according to ARM’s documents and reference design, a big. LITTLE multi-
core processor should contain a power controller and other controllers for supplying the voltage
and clock signals as claimed. On information and belief, each big. LITTLE Accused Product
contains a power controller and other controllers as described.

See, e.g.:

151




Case 7:24-cv-00231-ADA  Document 62-4  Filed 06/04/26  Page 153 of 167

CONFIDENTIAL — OUTSIDE ATTORNEYS’ EYES ONLY

Claim 21 Accused Products

6.1 The Power Policy Unit

Power mode control for the DynamIQ™ Shared Unit-110 (DSU-110) is provided by the Power Policy
Units (PPUs) that are integrated into the cluster. These PPUs control all the PPU modes for all
components in the cluster.

A PPU is a standard component for abstracting software-controlled power domain policy to
low-level hardware control signaling. There is one PPU for controlling the DSU-110 DynamIQ™
cluster power domain (PDCLUSTER). Also, each core has its own individual PPU for controlling its
respective core power domain (for example, a PPU for PDCOREO and a PPU for PDCORE1). This
includes any cores included as part of a complex.

A component in the system such as a System Control Processor (SCP) can program the PPUs through
the utility bus to set the required power policy. The PPUs control the low-level details of powering
up, powering down, and resetting domains as necessary to implement the requested policy. The
hardware performs any actions to reach the requested power mode, such as gating clocks, cleaning
and invalidating caches, or disabling coherency.

e Although the cluster and each core in the cluster has their own PPU, the shared
logic of a complex does not have a dedicated PPU. Instead, power management
of the complex is controlled as a combination of the PPUs for the cores it
contains. See Table 5-8: PPU mode and power domain states for a dual-core
complex on page 74.

e The cluster and all the core PPUs are provided as part of the DSU-110.

e The implementation process automatically creates the PPU for the cluster and
each core PPU, and connects these into the DSU-110 DynamIQ™ cluster. Each
PPU has a set of memory-mapped control registers which is accessed using the
utility bus.

Arm DynamIQ™ Shared Unit-110 Technical Reference Manual at p. 78
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Claim 21

Accused Products

4.3 Power control

Good power management is key to reduce system power consumption while maintaining a high
performance.

An RD-TC21 reference subsystem contains the following power management features:

Multiple voltage domains to allow for Dynamic Voltage and Frequency Scaling (DVFS) on
application processors and the GPU

Multiple power-gated regions provide comprehensive leakage management
Multiple power modes for different system scenarios

A System Control Processor (SCP) based on a Cortex®-M3 processor controls power, clock, reset,
and the static configuration of the system

Power Policy Units (PPUs) are used to manage power states of each voltage and power domain
under the control of the SCP

Arm® Total Compute 2021 Reference Design Software Developer Guide at 47-48
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Claim 21 Accused Products

SCP runtime firmware

The SCP runtime firmware executes after Trusted Firmware for A-profile (TF-A) BL2 has
authenticated and copied it from flash.

The SCP runtime firmware performs the following functions:

* Responds to System Control and Management Interface (SCMI) messages through Message
Handling Unit (MHU) version 2.0 for processor power control and Dynamic Voltage and
Frequency Scaling (DVFS)

e Power domain management

e Clock management

Id. atp. 65
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Claim 21

Accused Products
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Figure 2-1 A typical big.LITTLE system

“High-level Considerations for Power Management of a big. LITTLE™ System Application Note

424,” available at https://developer.arm.com/documentation/dai0424/a/, at 15 (2-3)
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Claim 21

Accused Products

211 big cluster and LITTLE cluster

This example system uses a big cluster and a LITTLE cluster, and each cluster consists of four
cores.

There are five power domains for each cluster. Each core is in its own power domain to enable
individual powerdown. The rest of the logic within a cluster is in a different power domain.
Isolation cells exist between power domains for isolation.

Each cluster is implemented in an independent voltage domain with an independent clock
source. Each of the clusters has a unique Dynamic Voltage and Frequency Scaling (DVFS)
curve. Therefore, cores in the same cluster must traverse an Operating Performance Point
(OPP) together. You can change the OPP of cores in a cluster, without affecting the cores in the
other cluster.

1d.

21.2 Power controller

The power controller contains the hardware power control functions of the SoC. The operations
of the power controller are both directed by the Operating System Power Management (OSPM)
software and hardware events in the system. The power controller works closely with relevant
signals of ARM IPs and other system components for power saving.

1d.

Qualcomm’s documentation confirms the accused products include the same or similar SCP, PPU,
and Power Controller blocks.
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Claim 21 Accused Products

Motivation

Current implementation
¢ Current implementation in CPUSS requires

that each core per cluster domain run at the oous
same clock frequency. ; |

» This requirement is due to the fact that each
core doesn’t have its own PLL.

PLL Pl
Gold Sitver.

* OSM aggregates and chooses MAX
frequency for operation for those cores. ‘
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Claim 21 Accused Products

LLM & FW Interaction

» For Kailua implementation the MNDRC'’s can either be
controlled by FW or by LLM directly but not by both.

= When testing for LLM thermal mitigation data the MUX
control is switched to LLM that will drive per core MVAL @ -
based onit's LUT table.

bt
= When gathering power profile data for SW the MUX control L ?
is switched to FW.

« Note that if there is a need to capture data from SW and
LLM driven MVAL’s to MNDRC then Interrupt driven control

is to be used to ensure we have single master that drives
MVAL.

FE

= Note that POR implementation for inner and outer loop and

per core MPMM/PPM control remains the same.

» The Design has been introduced such that it does not affect
POR requirements of LLM and FW

QCREDSTONE 0098870 at -74, -83, -84.
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Claim 21 Accused Products
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Claim 21 Accused Products

Design Details (Requirements/Features)

Bus Interface

CPU

» Dual DSU Octa core processing unit - Le Mans Change 1 CHI

art intertace to

+  DSUO: 4 Kryo6G_prime (Hercules Prime) - Ly 8ans Change ¢ 32-bit AHE Slave postis ce o Sys e
+  Hoot pr sor * 32-bit AHE Master port ce o system NOC (EPSS)
«  32KB/32KB 11 Cache ’ Slave port inter; ystem DAF
256KB L2 Cache 4 us interface to Sight = component
’ i > to CoreSight debug component

APCO yait o : i o !
* TAP portinteriace to JTAD interface

AUTO

. B/32KB 11 Cache cer
. 1.2 Cache i “oid Boot
. AP 3
APCH raif LBIST Infrastracture from SoC.
hecks
L3 (Corinth DSU} + 2D parity for CSRs {excluding ARM iogic C5Rs) - Le Mang Change
Power
¢ 4MBL3 Cache (2MB per DSU) 15M3.1 - EPSS for Ac Power Manag

Lo Mans Change

QCREDSTONE 0091177 at -86-87.

[21c] an interface block Each Accused Product comprises an interface block coupled to the first set of processor cores and
coupled to the first set of also coupled to the second set of processor cores, wherein the interface block is configured to
processor cores and also facilitate communication between the first set of processor cores and the second set of processor
coupled to the second set of cores.

processor cores, wherein the
interface block is configured to
facilitate communication
between the first set of
processor cores and the second
set of processor cores.

See analysis and evidence of claim element [1c] above.
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