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Claim1

A microprocessor, which comprises

On information and belief, each Accused Product listed in the attached list of Accused
Products (Ex. A.4) contains a microprocessor (“Accused Microprocessors”).! See Ex. A for
listings of microprocessors in the Accused Products, information obtained from
http://www.phonescoop.com/; http://pdadb.net/; http://www.gsmarena.com/. Each
microprocessor is an electronic circuit that interprets and executes programmed instructions.

a main central processing unit and

As discussed in the attached list of Accused Products, the Accused Microprocessors contain a
first ARM core. See also, http://en.wikipedia.org/wiki/Qualcomm_Snapdragon;
http://en.wikipedia.org/wiki/Exynos; http://en.wikipedia.org/wiki/OMAP.

a separate direct memory access
central processing unit in a single
integrated circuit comprising said
Microprocessor,

On information and belief, the Accused Microprocessors contain a second central processing
unit separate from the first ARM core. On information and belief, the second central
processing unit is able to access memory and fetch and execute instructions separately and
independently of the main central processing unit.

For example, many of the Accused Microprocessors are multicore processors that contain
more than one ARM core.

! Infringement by the Accused Products is largely based on the operation of and implementation of the microprocessors they

contain. This chart provides some examples of such operation that, on information and belief, are representative of the operation of
the processors in each of the Accused Products. Discovery is in the early stages, and Plaintiffs anticipate receiving additional
documents showing the exact operation of the processor in each of the Accused Products with respect to the accused

functionality. But because many documents that Plaintiffs would rely on to establish infringement are confidential and have not yet
been produced in this litigation, Plaintiffs anticipate receiving additional documents to confirm the operational principles shown in this
chart from Defendants and/or third parties. Accordingly, Plaintiffs reserve the right to amend, supplement, or augment their claim
charts, infringement contentions, or infringement theories based on documents and information later received through discovery.
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Figure 15-3. DMM Integration
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OMAP4430 Technical Reference Manual, p. 3213.
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Figure 16-2. DMM and Tiler Overview

[ -

| Device

: DMM

| | Dual Cortex-A9 MPU |4 >

|

| Interrupt controller | e DMM_MA_IRQ

: _MA_

|

: Dual Cortex-M3 MPU |4 .

: Interrupt controller | | DMM_MM_IRQ

: 128-bit

: L3 interconnect # -

| TILER.

: PRCM

|

|

I SDF{E_ ;;:l:r.-.rerml * DMM_CLK

| omain contr s DMM_RST

: »DMM_RET RST

|

|

L o o o e e e e e e e e e e e e e e e e — — —
OMAP4470 Technical Reference Manual, p. 3308.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
T Q:ortex—f‘—\ﬁ Dual core\' Memory/ Storage UF
1-ch eDF output: CPUD CPU 1
i LPDDR3 and DOR3
Single WOQXGA 1.7GHz 1.7GHz 32-hit 1600Mbps 2-pert
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14-bit Bayer input 1MB L2 Cache 1x eMMC 4.5(8-bit DDR)
SMPI 3;:::..';20 \[ J} 1x SDIO 3.0(4-bit DOR)
2x SD 2.0{4-bit SDR)
2-ch 4-ane MIFI CSI2
ar 1-ch 8-bit YLV input 2-ch EF-NAND
s B-bit DDR
oo TZPC (B-bi )
High Speed I/F i
MuRbiaye Sl Graphics/ Video! ISP
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(Device or Host) . 3D HW: OpenGL ES,
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1% SATA3
LF audio co-processor ISP & Post processors
) 16MP ISP/ BMP 30
External Peripheral Memory Interleaving 3DNR, DIS, ODC, ng::
4x UART
. 32x DMA JPEG HW codec
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3 2S/PCM —
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Bx I12C
Figure 1-1  Block Diagram of Exynas 5250
Exynos 5 Dual Reference Manual, Fig. 1-1.
In addition, many of the Accused Microprocessors contain one or more DSPs that are able to
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access memory and fetch and execute instructions separately and independently of the main
central processing unit.

Shared L1 Instruction Cache ]
Thread 0 Fetch Thread 1 Fetch Thread 2 Fetch
Executlion Execution Execution SharEd Unified
Unlits Unlits Unjits L2 Cache
Reglster Flle Reglster Flle Reglster Flle
Shared L1 Data Cache —

Hexagon Programming: Processor Overview, p. 10.
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MSM8960 ES2 Architecture Overview

MSM8960 DG — page 36
Baseband Schematic — page 607
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

See also., http://en.wikipedia.org/wiki/Qualcomm Snapdragon;

t ¢ t t Smart Peripheral
Core circuits GSB[12 11] ‘

I
I
I
I
I
sunyam }
|
|
|

----fm--fm
1z

Qualcomm Confidential and Proprietary

http://en.wikipedia.org/wiki/Exynos; http://en.wikipedia.org/wiki/OMAP.

said main central processing unit

ARM cores, such as those contained within the Accused Microprocessors, contain arithmetic
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having an arithmetic logic unit,

logic units.

The ARM instruction provides control over the Arithmetic Logic Unit (ALU) and confirms
that the ALU within the CPU performs arithmetic and logic operations on data.

In addition, the ARM architecture provides:

control over both the Arithmetic Logic Unit (ALU) and shifter in most data-processing instructions
o maximize the wse of an ALU and a shifter

ARMV7 Architecture Reference Manual [TPLBN051517-TPLBN052654], p. A1-2.

Arithmetic/logic instructions

The following arithmetic/logic instructions share a common instruction format. These perform an arithmetic
or logical operation on up to two source operands, and write the resolt to a destination register. They can
alzo optionally update the condition code flags, based on the result.

ARM Architecture Reference Manual, p. A1-7

a first push down stack with a top
item register and a next item register,
connected to provide inputs to said
arithmetic logic unit, an output of
said arithmetic logic unit being
connected to said top item register,

The ARM architecture defines how an ARM core must operate. ARM Architectures,
Processors, and Devices [TPLBN051505-TPLBN051516], pp. 1-3. The ARMv7-A
architecture is backwards compatible with the ARMv6 architecture. ARM Architectures,
Processors, and Devices, pp. 1-3, 1-4.

The ARM instructions provide control over the Arithmetic Logic Unit (ALU) and confirm that
the ALU within the CPU performs arithmetic and logic operations on data.

In addition, the ARM architecturs provides:

. control over both the Arithmetic Logic Unit (ALU) and shifter in most data-processing instructions
to maximize the wse of an ALL and a shifter

ARM Architecture Reference Manual [TPLBN051517-TPLBN052654], p. Al-2.

Arithmetic/logic instructions

The following arithmetic/logic instructions share a common instruction format. These perform an arithmetic
or logical operation on up to two source operands, and write the result to a destination register. They can
also optionally update the condition code flags, based on the result.

Page 7 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page9 of 148

EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF
U.S. PATENT NO. 5,530,890 By Samsung

ARM Architecture Reference Manual, p. A1-7

The Arithmetic Logic Unit (ALU) derives its two inputs from the "Top item' (Rn) and the 'Next
item' (Rm) of the 'Push Down Stack' from the 'General Purpose Registers' (the holding place
for items placed there by stack operations) and directs its output (Rd) back to the ‘General
Purpose Registers'.

Assembler syntax
ADC{5}ecs<g> {<Rd=,} <Rm», <Am-, <type> <Rs»

where:
5 IT 5 is present, the instruction updates the flags. Otherwise, the flags are not updated.
A See Standard assembler syniax fields on page A8-7.
«Ril= The destination register.
«Rn= The first operand register.
<R The register that is shifted and vsed as the second operand.
<types The type of shift to apply to the value read from <Res. It must be one of:
ASH Arithmetic shift right, encoded as type = 0b10
LsL Logical shift left. encoded as type = Ob00
L5k Logical shift right, encoded as type = 0b01
ROR: Fotate right, encoded as type =0bl1.
«Rs=> The register whose bottom byte containg the amount to shift by,

The pre-UAL syntax ADC<c>5 is equivalent to ADCS<cs.

ARMV7 Architecture Reference Manual [TPLBN049289-TPLBN051446], p. A8-19.

The Register File includes register R13, also known as SP or the Stack pointer, which is a -
pointer to the active stack.
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SP, the Stack Pointer
Register R13 is used as a pointer to the active stack.

In Thumb code, most instructions cannot access SP. The only instructions that can access
SP are those designed to use SP as a stack pointer.

The use of SP for any purpose other than as a stack pointer is deprecated.

ARMV7 Architecture Reference Manual, p. A2-11.

The top two items in the stack are connected to provide inputs into the ALU by using a “POP”.
A8.6.122 POP

Pop Multiple Registers loads multiple registers from the stack, loading from consecutive memory locations
starting at the address in SP, and updates SP to point just above the loaded data.

ARMV7 Architecture Reference Manual, p. A8-246.
The output of the ALU is connected to the top of the stack and may be saved with a “PUSH.”
A8.6.123 PUSH

Push Multiple Registers stores multiple registers to the stack, storing to consecutive memory locations
ending just below the address in SP, and updates SP to point to the start of the stored data.

ARMV7 Architecture Reference Manual, p. A8-249.

In the alternative, Accused Microprocessors also include an operand stack for Jazelle DBX
instructions.

A210.2 Jazelle direct bytecode execution support
From ARM~v3TE]L the architecture requires every system to include an implementation of the Jazelle

extension. The Jazelle extension provides architectural support for hardware acceleration of bytecode
execution by a Java Virmal Machine (JVM).

ARMV7 Architecture Reference Manual, p. A2-73.
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Reads
Eeads are defined as memory operations that have the semantics of a load.

The memory accesses of the following instructions are reads:

LDR, LORB, LORH, LORSE, and LDRSH

LOAT, LORBT, LDRHT, LORSET, and LOASHT

LDAEX, LOREXE, LDREXD, and LOREXH

LDM, LORD, POP, amd RFE

LDC, LDCZ, VLOM, VLDR, YLD, VLDZ, VLD3, and WLD4

the return of status values by STREX, STREXE, STREXD, and STREXH
in the ARM instruction set only, SW® and SWPE

in the Thumb instruction set only, TBE and TEH.

Hardware-accelerated opeode execution by the Jazelle extension can cause a number of reads to occur,
according to the state of the operand stack and the implementation of the Jazelle hardware acceleration.

Writes
Wnites are defined as memory operations that have the semantics of a store.

The memory accesses of the following instructions are Writes:

STH, STRE, and STRH

STRT, STRET, and STRHT

STREX. STREXE, STREXD. and STREXH

5TM, STRD, PUSH, and SRS

STC, STC2, VSTM, VSTR, VST, WST2, VET3, and VET4
in the ARM instruction set only, SW* and SWPE.

Hardware-accelerated opeode execution by the Jazelle extension can cause a number of writes to occur,
according to the state of the operand stack and the implementation of the Jazelle hardware acceleration.

ARMV7 Architecture Reference Manual, p. A3-42.
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The operand stack contains a top item register and a next item register connected to provide
inputs to the ALU and the output of the ALU is connected to the top item register. The first
four elements of the stack are held in the register file in registers RO-R3. The stack pointer is
held in register R6.

In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g . R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requuired to implement the Java machine,
and keeps all of the state required by the Jazelle
extension in ARM registers, In addition, it ensures
compatibility with existing operating systems,
interrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™
[TPLBN051478-TPLBN051482] at 3.

Plaintiffs contend that this claim element is literally present as described above. In the event
that this claim element is not found to be literally present, Plaintiffs contend that the above
identified stacks are equivalent to “a first push down stack with a top item register and a next
item register, connected to provide inputs to said arithmetic logic unit, an output of said
arithmetic logic unit being connected to said top item register” and any differences are
insubstantial. In particular, the stacks perform the same function (i.e., provide input and output
to the ALU), in substantially the same way (i.e., by providing a last-in, first-out data structure),
and have the same result (i.e., the ALU performs operations on inputs and provides output).

said top item register also being
connected to provide inputs to an
internal data bus,

The top item in the stack of an ARM core is connected to provide input to an internal data bus
by using a “POP” which loads it into a register.
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A8.6.122 POP

Pop Multiple Registers loads multiple registers from the stack, loading from consecutive memory locations
starting at the address in SP, and updates SP to point just above the loaded data.

ARMV7 Architecture Reference Manual, p. A8-246.

The top item of the stack is also located in the data cache within the “memory system.”

On information and belief, the register file provides inputs to and is bidirectionally connected
to internal buses (e.g., L3 Interconnect, AXI/AHB Bus, Applications/System Fabric)..
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Figure 2-1 Cortex-A9 processor top-level diagram
Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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OMAP4470 Technical Reference Manual, p. 1091.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
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EMP 30fps video \L —~/ | 1x SDIO 3.0{4-bit DDR)
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Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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MSMB8960 DG — page 36

MSM8960 ES2 Architecture Overview Baseband Schematic — page 607
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

In the alternative, when executing Jazelle code, the top item and next item, located in registers
RO-R4 are bidirectionally connected to the OMAP4430’s or OMAP4470’s L3 interconnect, the
MPU local interconnect, and other internal buses.
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Plaintiffs contend that this claim element is literally present as described above. In the event
that this claim element is not found to be literally present, Plaintiffs contend that the above
identified buses, either alone or in combination, are equivalent to “an internal data bus” and
any differences are insubstantial. In particular, the buses perform the same function (i.e.,
provide data connections between the ALU, memory, and registers), in substantially the same
way (i.e., by connecting them electrically), and have the same result (i.e., the various
connected components transmit data between them).

said internal data bus being The ARM core contains general purpose registers.
bidirectionally connected to a loop

counter For example, in ARMV7 cores there are thirteen general purpose registers R0-R12.

A2.32 ARM core registers

In the application level view, an ARM processor has:
. thirteen general-purpose32-bit registers, RO o R12

. three 32-hat regnsters, R13 to R15, that sometimes or always have a special use.

Registers R13 to R 15 are wsually referred to by names that indicate their special uses:

ARMV7 Architecture Reference Manual, p. A8-246.

Any of the general purpose registers is a loop counter when the register is incremented or
decremented and is combined with a conditional branch instruction.

The second half of the addressing mode mnemonics stands for the stack type you can
implement with that address mode: Full Descending, Empty Descending, Full Ascending,
and Empty Ascending, With a full stack, Rn points to the last stacked value; with an empty
stack, Rn points to the first unused stack location. ARM stacks are usually full descending.

ARM System Developer's Guide, A. N. Sloss, Morgan Kaufmann [TPLBN052655-
TPLBNO053357 p. 585.
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The register file provides inputs to and is bidirectionally connected to internal buses (e.g., L3
Interconnect, AXI/AHB Bus, Applications/System Fabric).

Cortex-A8 processor Program Trace Parformance
Macrocall (FTM) Manitaring Unit
interface (P
Registar Dispatch i
raname staga stagas | [ ALL/MUL Writeback
slage
Virtual to Instruction ALY
physical - lqueus and
ragistar poal dispatch
FPU ar NEOMN
Dual insfruction Out of arder
dacoda stage multi-issua
Branches with speculation Loadfstaora
T T addrass +
Instruction  Pradiction ganaration unit
quaua queusa T
| |
Instruction prefetch stage Mamary system
Branch prediction ¥
Small loop Mamory Translation
mode Global history buffer Load %rrlhm management | | lookaside
uni -
Instruction Branch target urit buffer
cacha address cache
Hralkoad
| Data cache |
Instruction
fetch
v

Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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OMAP4470 Technical Reference Manual, p. 1091.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.

Display/ Camera (- rtax-A15 Dual core Memory! Storage VF
Tgh =D vt CPUD CPUT LPDDR3 and DOR3
Sin
=ing 1.7GHz 1.7GHz 32-bit 1600Mbps 2-port
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NEON NEON
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Single SXGA or WXGA | scuU |
or WUXGA SRAM
14-bit Bayer input [ imMBL2Cache ]]  1xemmc4s@bitDOR)
EMP 30fps video \L —~/ | 1x SDIO 3.0{4-bit DDR)
2x SD 2.0{4-bit SDR)
2-ch 4-lane MIPI CSI2
or 1-ch 8-bit YUV input 2-ch EF-NAND
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MEM TZPC
High Speed I/F
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System Peripheral pe »
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1x SATAZ
LP audio co-processor ISP & Post processors
) 16MP ISP/ BMP 30
External Peripheral Memery Interleaving ADMR. DIS. ODC ngj’:
il 32x DMA JPEG HW codec
o_o
3% HS-SPI 7-PLL, Timer, 4-PWM
x 12SiPOH I
o
Tx ACHTISEDIF HSIC, MIPI HSI, C2C
Bx 12C

Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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MSM8960 ES2 Architecture Overview
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.
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Qualcomm Confidential and Proprietary

T

USB 2.0

On information and belief, when executing Jazelle instructions within a loop, the processor
maintains a loop counter that is bidirectionally connected to the Accused Microprocessor’s
internal buses.

said loop counter being connected to

Each ARM core contains a general purpose register or other hardware is used as a loop
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a decrementer, counter, the loop counter is connected to an ALU or an adder, which serves as a decrementer.

For example, in ARMV7 cores there are thirteen general purpose registers R0-R12.

A2.2 ARM core reqgisters

In the application level view, an ARM processor has:
. thirteen general-purpose32-bit registers, RO to R12

. three 32-bat registers, B13 to R15, that sometimes or always have a special use.

Registers B3 to B15 are usually referred to by names that indicate their special uses:

ARMV7 Architecture Reference Manual, p. A8-246.

Any of the general purpose registers is a loop counter when the register is incremented or
decremented and is combined with a conditional branch instruction.

The second half of the addressing mode mnemonics stands for the stack type you can
implement with that address mode: Full Descending, Empty Descending, Full Ascending,
and Empty Ascending, With a full stack, Rn points to the last stacked value; with an empty
stack, Rn points to the first unused stack location. ARM stacks are usually full descending.

ARM System Developer's Guide, A. N. Sloss, Morgan Kaufmann [TPLBN052655-
TPLBNO053357 p. 585.

The register file provides inputs to and is bidirectionally connected to internal buses (e.g., L3
Interconnect, AXI/AHB Bus, Applications/System Fabric).
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Corlex-AS processor Program Trace Perfarmance
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interface (P
Registar Dispatch -
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physical - lqueus and
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felch

Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.

said internal data bus being
bidirectionally connected to a stack
pointer, return stack pointer, mode
register and instruction register,

Each ARM core has a stack pointer.
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SP, the Stack Pointer
Register R13 is used as a pointer to the active stack.

In Thumb code, most instructions cannot access SP. The only instructions that can access
SP are those designed (o use SP as a stack pointer.

The use of SP for any purpose other than as a stack pointer is deprecated.

ARM Architecture Reference Manual - ARMv7-A and ARMV7-R p. A2-11

On information and belief, the Register File of each Accused Microprocessor is bidirectionally
connected to the data bus. The Register File includes Register R13, also known as SP or the
stack pointer, which points to the active stack and Register R14, also known as LR, the Link
Register, which contains an identical memory address as the top of the return stack.
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SP, the Stack Pointer
Register R13 15 used as a pointer to the active stack.

[n Thumb code, most instructions cannot access SP. The only instructions that can access
5P are those designed to use SP as a stack pointer.

The use of SP for any purpose other than as a stack pointer 15 deprecated.

MNote

Uzing 5P for any purpose other than as a stack pointer 1 likely to break the requirements of
operating systems, debuggers, and other software systems, causing them to malfunction.

LR, the Link Register

Register K14 15 used to store the return address from a subroutine. At other times, LR can
be used for other purposes.

When a BL or BLY instruction performs a subroutine call, LR 15 set to the subroutine returm
address. To perform a subroutine return, copy LE back to the program counter. This is
typically done in one of two ways, after entening the subroutine with a BL or BLX instruction:

- Return with a BY LR instruction.
- U subroutine entry, store LR to the stack with an instruction of the form:
PUSH [<regisverss,LR]
and use a matching instruction to retum:
POP [<registerss,PC}
ThumbEE checks and handler calls use LR in a similar way. For details see Chapter A9
ThumbEE.
ARMV7 Architecture Reference Manual, p. A2-11.

On information and belief, one or more instruction registers receive instructions from the
instruction cache.
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Retum Stack
From core
Force PC ,  Predictions
(mizpredict) Update
Figure 6-1 Branch prediction and instruction cache
Cortex-A9 Technical Reference Manual p. 6-5.
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Figure 2-1 shows a top-level functional diagram of the Cortex-A15 MPCore processor.

Cortex-A15 MPCore processor
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Debug and . GIC Generic !’
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¥ ¥ ]
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Physical «+—s{ Dispatch stages
Register NEOM o Writeback
Poal VFP

— Instruction
Branch Feteh
proediction

Ind Pred

CF14 | Register , -
CP15 File

Instruction
Return ‘—’{ Cache | ITLE |<—b|
Stack

L2-TLE |47

!

!

| 1% level arbitration |

k

Processor 0

Processor 1"

Processor 21

Processor 3'
y v v ¥
| 2™ lgvel arbitration |
. . Fill / Evict L2 Cache Snoop Auto Prefetch
‘ Slave ‘ Master Buffers (512KE 1o 4 MB) | |Contral Unit Engine
ACP ACE

Level 2 memory system

'Optianal

Figure 2-1 Block diagram

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-2.
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Instruction fetch

The instruction fetch unit fetches istructions from the L1 instruction cache and delivers up to
three mstructions per cycle to the instruction decode unit. It supports dynamic and static branch
prediction. The mstruction fetch unit includes:

. L1 mnstruction cache that 1s a 32KB 2-way set-associative cache with 64 bytes cache line
and optional parity protection per 16-bits.

. 2-level dynamic predictor with BTB for fast target generation.
. Return stack
. Static branch predictor.

. Indirect predictor.
. 32-entry fully-associative L1 nstruction TLB.

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-3.

The ARM core contains a number of mode registers within its system control coprocessors.
See, e.g., Cortex-A9 Technical Reference Manual Ch. 4; Cortex-A15 MPCore Processor
Technical Reference Manual Ch. 4.

On information and belief, the register file provides inputs to and is bidirectionally connected
to internal buses (e.g., L3 Interconnect, AXI/AHB Bus, Applications/System Fabric.
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Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.

Display/ Camera (- rtax-A15 Dual core Memory! Storage VF
Tgh =D vt CPUD CPUT LPDDR3 and DOR3
Sin
=ing 1.7GHz 1.7GHz 32-bit 1600Mbps 2-port
HODMI v1.4 output IZKBIAZKE 3ZKBI3ZKB Max. 12.8GBytesisec
NEON NEON
MIPI DS output: (LPDDR2 1066Mbpa)
Single SXGA or WXGA | scuU |
or WUXGA SRAM
14-bit Bayer input [ imMBL2Cache ]]  1xemmc4s@bitDOR)
EMP 30fps video \L —~/ | 1x SDIO 3.0{4-bit DDR)
2x SD 2.0{4-bit SDR)
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o
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Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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MSM8960 DG — page 36
Baseband Schematic — page 607
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

When executing Jazelle instructions, the stack pointer is located in register R6.
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In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g.. R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requured to implement the Java machine.
and keeps all of the state required by the Jazelle
extension m ARM registers, In addition. it ensures
compatibility with existing operating systems,
mterrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™ at 3.

said internal data bus being On information and belief, the internal buses of the Accused Microprocessors are connected to
connected to a memory controller, to | a memory controller.

a Y register of a return push down
stack, an X register and a program
counter,
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Figure 13-1 shows a functional diagram of all memory subsystems in the device.

Figure 15-1. Memory Subsystem Functional Diagram
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OMAP4430 Technical Reference Manual, p. 3207.
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Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram
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OMAP4470 Technical Reference Manual, p. 3302.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
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Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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MSMB8960 Chipset Schematics and Design Guidelines, p. 41.

On information and belief, the internal buses are connected to a register of the return stack
which serves as a Y register. The internal buses are also connected to the Register File which
contains several general purpose registers that may serve as an X register and the program
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Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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PC, the Program Counter
Register R15 is the program counter:

g When executing an ARM instruction, PC reads as the address of the current
instruction plus 8.

g When executing a Thumb instruction, PC reads as the address of the current
instruction plus 4.

] Writing an address to PC causes a branch to that address.

In Thumb code, most instructions cannot access PC.

ARMV7 Architecture Reference Manual, p. A2-11.

Page 42 of 147 HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page44 of 148

EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF

U.S. PATENT NO. 5,530,890 By Samsung

Figure 2-1 shows a top-level functional diagram of the Cortex-A15 MPCore processor.

Cortex-A15 MPCore processor
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Figure 2-1 Block diagram

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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When executing Jazelle instructions, register R4 may be used as an X register.

In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g . R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requuired to implement the Java machine,
and keeps all of the state required by the Jazelle
extension in ARM registers, In addition, it ensures
compatibility with existing operating systems,
interrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™ at 3.

said Y register, X register and
program counter providing outputs
to an internal address bus,

On information and belief, the program counter, X register, and Y register provide outputs to
the internal buses of the Accused Microprocessors.

Plaintiff contends that this claim element is literally present. However, in the event that this
claim element is not found to be literally present, Plaintiffs contend that the above identified
buses, either alone or in combination, are equivalent to “an internal address bus” and any
differences are insubstantial. In particular, the buses perform the same function (i.e., provide a
means to communicate addresses between the ALU, memory, and registers), in substantially
the same way (i.e., by connecting them electrically), and have the same result (i.e., the various
connected components transmit addresses to each other).

said internal address bus providing
inputs to said memory controller and
to an incrementer,

On information and belief, the internal buses of the Accused Microprocessors provide inputs to
the memory controller to provide access to RAM. In the case that the Program Counter, X
register, or Y register holds an address pointing to external memory, the internal buses
provides the address to the memory controller.

The internal buses also provide input to an incrementer.

Page 46 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page48 of 148
EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF

U.S. PATENT NO. 5,530,890 By Samsung

T==10 32-bit instructions are fetched (and the PC is incremented by four) and are executed as ARM
instructions.

T==1 16-bit instructions are fetched (and the PC is incremented by two) and are executed as
Thumb instructions.

See ARM Architecture Reference Manual at A6-2 .
A3.1.1 Address incrementing and address space overflow
When a processor performs normal sequential execution of instructions, it effectively calculates:
(address_of_current_instruction) + (size_of_executed_instruction)
after each instruction to determine which instruction to execute next.
Note

The size of the executed instruction depends on the current instruction set, and might depend on the
instruction executed.

If this address calculation overflows the top of the address space, the result is UNPREDICTABLE. In other
words, a program must not rely on sequential execution of the instruction at address 9x00000000 after the
instruction at address:

. OxFFFFFFFC, when a 4-byte instruction is executed
. OxFFFFFFFE, when a 2-byte instruction is executed
. OxFFFFFFFF, when a single byte instruction is executed.

ARMV7 Technical Reference Manual p. A3-2

said incrementer being connected to
said internal data bus,

On information and belief, the incrementer is connected to the internal buses in order to
increment the instruction address.

The internal buses also provide input to an incrementer.

Page 47 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page49 of 148
EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF

U.S. PATENT NO. 5,530,890 By Samsung

T==10 32-bit instructions are fetched (and the PC is incremented by four) and are executed as ARM
instructions.

T==1 16-bit instructions are fetched (and the PC is incremented by two) and are executed as
Thumb instructions.

See ARM Architecture Reference Manual at A6-2 .
A3.1.1 Address incrementing and address space overflow

When a processor performs normal sequential execution of instructions, it effectively calculates:
(address_of_current_instruction) + (size_of_executed_instruction)
after each instruction to determine which instruction to execute next.
Note

The size of the executed instruction depends on the current instruction set, and might depend on the
instruction executed.

If this address calculation overflows the top of the address space, the result is UNPREDICTABLE. In other
words, a program must not rely on sequential execution of the instruction at address 9x00000000 after the
instruction at address:

. OxFFFFFFFC, when a 4-byte instruction is executed
. OxFFFFFFFE, when a 2-byte instruction is executed
. OxFFFFFFFF, when a single byte instruction is executed.

ARMV7 Technical Reference Manual p. A3-2

said direct memory access central
processing unit providing inputs to
said memory controller,

On information and belief, the other central processing units of the Accused Microprocessors
provide inputs to the memory controller.
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Figure 15-3. DMM Integration
g
| Denvica
' DMM
: Corex-A9 MPU |« s
| Indernupt coninodier
: MA_IRG_113 | | DMM_Ma_IRG
|
: Cotex-M3MPU | >
| |nernupt controdler
: M _IRC 48 | [ DMM_MM_IRC
' 128-bit
| L3 inlerconnect - s
|
: PRCM =
I
| CORE power domain
|
| EMIF_L3_ICLK * DMM_CLK
I CORE_RST S DMM_RST
: CORE_RET RST s OMM_RET RST
|
I
- e e

OMAP4430 Technical Reference Manual, p. 3213.
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Figure 16-2. DMM and Tiler Overview
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OMAP4470 Technical Reference Manual, p. 3308.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
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Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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Shared L1 Instruction Cache ]
Thread 0 Fetch Thread 1 Fetch Thread 2 Fetch
Executlon Execution Execution SharEd Unified
Unlits Unlits Unjits L2 Cache
Reglster Flle Reglster Flle Reglster Flle
Shared L1 Data Cache —

Hexagon Programming: Processor Overview, p.10.

said memory controller having an On information and belief the memory controller of each Accused Microprocessor has an

address/data bus and a plurality of address/data bus and a plurality of control lines for connection to random access memory.
control lines for connection to a

random access memory.
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Figure 13-1 shows a functional diagram of all memory subsystems in the device.

Figure 15-1. Memory Subsystem Functional Diagram
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OMAP4430 Technical Reference Manual, p. 3207.
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Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram
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1.4.2 Memory Subsystem
Exynos 5250 provides the leading memaory bandwidth for mobile applications.

+  Mgobile DDR3 (LPDDR3) Interface

—  Two ports x32 data bus with 800 MHz per pin, double data rate (DDR)

- 1.2V interface voltage

—  Density: Maximum 4 GB by memony map limit, Recommend: Maximum 2 memary dice per port.
NOTE: The max number of column address bits is 10.

*  Mobile DDR2 (LPDDR2) interface

- Two ports x32 data bus with 533 MHz per pin and doulble data rate (DDR)

- 1.2V interface voltage

- Density: Maximum 4 GB by memony map limit, Recommend: Maximum 2 memory dice per port.
NOTE: The max number of column address bits is 10.

* [DORIDDRIL Interface

—  Two ports x32 data bus with 800 MHz per pin and doulble data rate (DDR)

- 1.5%M.35V interface voltage

— Density: Maximum 4 GB by memory map limit, Recommend: Maximum 2 memory dice per port.
NOTE: The max number of column address bits is 10.

+ eMMC and 5D card interface

—  One channel 8-bit eMMC4.5 (1.8 only)

- One channel 4-bit SD2.0 {1.8 ' only)

- Two channel eMMC4_3/5D2.0 3.3 VM .8V interface voltage
*  EF-MAND3.0 interface

—  Two ports xB-bit data bus with up to 200 MHz per pin and double data rate (DDR)
*  Embedded intermal ROM booting: The syatem does not need a booting device

Exynos 5 Dual Reference Manual, p. 1-8.
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AXI for high-speed DDR Memory Controller (1 of 2 shown)
data transfers DDR Memory Controller
b | jos oo AXI slave DDR Controller a0 PoP
B - address, command, o o (Dibts) =
% - White reaponse ch _ =T control, & status &sm-:; A‘f:;:jﬂrﬂeg"éﬁ”fﬂ . EE
— Ll el = - =
I-"-I'-C" é Write channel T ;;flﬁ,d:?nmm;%n = h.lﬁe\:::ﬁ::.lthg giigiain = woend _'E > m pd %%
k=] -t B Read data 4 Data Byte : : E f_:l
m Read channel read data buffer, _ read data Rl Dl i o
%— - o | response, manipulation - buffering & routing ;
I Clocka — A * ['Y f f
%t_ Contguration AXick _DDRCH ok __/ o
RN N ' | catlrtion 512 MB
AHB for ~ (10f2)
config control Independent clocks and up to 400 MHz clock;
selectable modes 800 MHz data rate
DIMs center-align
memory controls & data
MSMB8960 Chipset Schematics and Design Guidelines, p. 44.
Claim 7
The microprocessor of claim 1
additionally comprising a ring On information and belief, in each Accused Microprocessor, the PLL clocking the CPU
oscillator variable speed system includes a Voltage Controlled Oscillator (VCO) or a Current Controlled Oscillator (ICO),

clock connected to said main central | \yhich is a ring oscillator, having a multiple, odd number of inversions arranged in a loop,
processing unit, said main central

. . . wherein the oscillator is variable based on the temperature, voltage and process parameters in
processing unit and said ring h . See hito:// ikivedi Wiki/Ri il
oscillator variable speed system the environment. See http://en.wikipedia.org/wiki/Ring_oscillator.
clock being provided in a single
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integrated circuit.

For example, generally in TI microprocessors, PLLs have voltage-controlled oscillators, which
are circuits capable of maintaining an alternating output. TI has published papers regarding its

DPLLs confirming the use of ring oscillators.

10b DAC Code ———ColumnDecoder| £ 5, i cotemn
[T === 11] 25 .
(9+1)b 3 ';E ] _.,.I"'
Segmented e - b L
Current g =3
Steering z |f i ea : -
DAC & 10b DAC Code

ey
L3

al Odd Row
| gac loac ] Row_MNax Jék]
1 Evan Row
ouT- :5_0”"'" Row_Nex ﬂyéleﬁ
T ,:‘,@lpl I,

Figure 26.10.3: Digitally controlled oscillator (DC0) schematic.

TPL853_02993475-84, Fig. 26.10.3 (ISSCC 2004 / Session 26 / Optical and Fast 10 26.10)
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(CX-0170).

D> Ospspsps

(a) (b]

(c)

TPL853 02993485-96, Fig. 3 (CX-0171). “Figs. 17 and 18 show the die micrographs of two
Digital PLLs implemented in 65 nm and 45 nm CMOS. . .. Both use a simple three stage ring
oscillator shown in Fig. 3(a).” TPL853_02993494.
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The TI OMAP4 family of processors is also implemented in 45 nm CMOS technology: “The
OMAP4470 high-performance multimedia application device is based on enhanced OMAP
architecture and uses 45-nm technology.” TPLBN043746 (OMAP4470 Technical Ref
Manual). See also TPLBN037535 (OMAP4430 Tech Ref Manual).

Furthermore, on information and belief, each of the OMAP3 and OMAP4 chips at issue
contains a DPLL that outputs a clock signal for the MPU. Within each of these DPLLSs is
either a single-ended or differential ring oscillator. This component of the PLL generates an
oscillation (i.e., a clock signal). The ring oscillator is able to produce an oscillation due to the
presence of an odd number of inversions arranged in a loop. See also HTC Corporation v.
Technology Properties Limited, 08-cv-00882-PSG, Trial Tr. 341:13-347:1, 333:20-374:16
(Haroun testimony).

On information and belief, the only input to the ring oscillators in the OMAP3 and OMAP4
chips is a current. In addition, while the bias DAC (“digital to analog converter”) in the DPLL
may receive a digital word, it does not pass this control signal on to the ring oscillator. Indeed,
without the bias component of the PLL, the ring oscillators in the OMAP chips would still
output an oscillation. Barring the application of dividers to the ring oscillator’s output, the
only way to change the frequency of the ring oscillator is to change the input current. In other
words, the ring oscillator will always generate a clock signal as long as a current is applied to
it.
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Claim9

The microprocessor of claim 1

in which said first push down stack
has a first plurality of stack elements
configured as latches,

On information and belief, the first plurality of stack elements is configured as latches (register
file or L1 data cache).

Corex-AS processor Pragram Trace Pardformance
Macrocell (FTM) Manitarng Unit
interface (PMU)
Registar Dizpatch —
ranarme stage stages [  ALUMLL Writeback
stage
Virtual to Instruction ALY
physical ] lqueus and
ragister poal dispatch
d - . FPU ar NEON
Dual instruction Outof order
dacode stage multi-issua
Branches with speculation Load/stare
T T addrass +

Instruction  Pradiction ganaration unit

Qs queus ¥
| |
Instruction prefetch stage TA—
Branch prediction ¥

Smal joop Mamory Translation
mode Global history buffer Lﬂa;ﬂn?lbm management | | lookaside

Instruction Branch target unit buffar

cache address cache
Frakaad
| Data cache |
Instruction
fatch
L

Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 2-1 shows a top-level functional diagram of the Cortex-A15 MPCore processor.

Cortex-A15 MPCore processor

APB

Interrupts TimerEvents
Debug and . GIC Generic !’
CTI Trace ” (optional) Timer
== I Miscellanzous
¥
¥ ¥ ]
[ Debug PTM [ PMU | -
Rename Irteger
Loap Execute "
Buffer Virtual to
Physical «+—s{ Dispatch stages
Register NEOM o Writeback
Poal VFP

— Instruction
Branch Feteh
proediction

Ind Pred

CF14 | Register , -
CP15 File

Instruction
Return ‘—’{ Cache | ITLE |<—b|
Stack

L2-TLE |47

!

!

| 1% level arbitration |

k

Processor 0

Processor 1"

Processor 21

Processor 3'
y v v ¥
| 2™ lgvel arbitration |
. . Fill / Evict L2 Cache Snoop Auto Prefetch
‘ Slave ‘ Master Buffers (512KE 1o 4 MB) | |Contral Unit Engine
ACP ACE

Level 2 memory system

'Optianal

Figure 2-1 Block diagram

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-2.
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a second plurality of stack elements
configured as a random access
memory,

On information and belief, the second plurality of stack elements is configured as random
access memory (L1 cache or L2 cache).

Corex-AS processor Pragram Trace Pardformance
Macrocell (FTM) Manitaring Unit
interface (PMU)
Registar Dispatch —
renama stage stages | [ ALLVMUL Writaback
slage
Virtual to Instruction ALY
physical ] lqueus and
ragistar pool dispatch
FPU ar NEON
Dual instruction Outof order
dacode stage multi-issua
Branches with speculation Load/stara
T T addrass +
Instruction  Pradiction ganaration unit
quaua queua T
| |
Instruction prafetch stage Memary systam
Branch prediction ¥
Small loop Mamory Translation
mode Global higtory buffer Load ?lhfﬂ management | | lookaside
un -
Instruction Branch target unit bufler
cacha address cachea
Fraloa
| Data cache |
Instruction
fatch
v

Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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age66 of 148
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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OMAP4470 Technical Reference Manual, p. 1091.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.

Display/ Camera (- rtax-A15 Dual core Memory! Storage VF
Tgh =D vt CPUD CPUT LPDDR3 and DOR3
Sin
=ing 1.7GHz 1.7GHz 32-bit 1600Mbps 2-port
HODMI v1.4 output IZKBIAZKE 3ZKBI3ZKB Max. 12.8GBytesisec
NEON NEON
MIPI DS output: (LPDDR2 1066Mbpa)
Single SXGA or WXGA | scuU |
or WUXGA SRAM
14-bit Bayer input [ imMBL2Cache ]]  1xemmc4s@bitDOR)
EMP 30fps video \L —~/ | 1x SDIO 3.0{4-bit DDR)
2x SD 2.0{4-bit SDR)
2-ch 4-lane MIPI CSI2
or 1-ch 8-bit YUV input 2-ch EF-NAND
Sscurs {B-bit DDR)
MEM TZPC
High Speed I/F
_ cilinsticlat bt Graphics/ Video/ ISP
1 port USB 3.0 Crypto SYSMMU
{Device or Host) Engine 1080p B0fp= codec:
VPE
1 port USB 2.0
{Device or Host) " . 3D HW: OpenGL ES
System Peripheral pe »
OpenCL
2 HSIC
\firtual addressing 20 HW
1x SATAZ
LP audio co-processor ISP & Post processors
) 16MP ISP/ BMP 30
External Peripheral Memery Interleaving ADMR. DIS. ODC ngj’:
il 32x DMA JPEG HW codec
o_o
3% HS-SPI 7-PLL, Timer, 4-PWM
x 12SiPOH I
o
Tx ACHTISEDIF HSIC, MIPI HSI, C2C
Bx 12C

Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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. ) MSMB8960 DG — page 36
MSM8960 ES2 Architecture Overview Baseband Schematic — page 607
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

said first and second plurality of On information and belief, both the first and the second plurality of stack elements are the
stack elements and said central central processing unit are provided on the single integrated circuit in the Accused
processing unit being provided ina | Microprocessors.

single integrated circuit,
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and a third plurality of stack On information and belief, a third plurality of stack elements is configured as external RAM
elements configured as a random (e.g, SDRAM).
access memory external to said Figure 13-1 shows a functional diagram of all memory subsystems in the device.

single integrated circuit.
Figure 15-1. Memory Subsystem Functional Diagram
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OMAP4430 Technical Reference Manual, p. 3207.
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Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram
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OMAP4470 Technical Reference Manual, p. 3302.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.

Display/ Camera (- rtax-A15 Dual core Memory! Storage VF
Tgh =D vt CPUD CPUT LPDDR3 and DOR3
Sin
=ing 1.7GHz 1.7GHz 32-bit 1600Mbps 2-port
HODMI v1.4 output IZKBIAZKE 3ZKBI3ZKB Max. 12.8GBytesisec
NEON NEON
MIPI DS output: (LPDDR2 1066Mbpa)
Single SXGA or WXGA | scuU |
or WUXGA SRAM
14-bit Bayer input [ imMBL2Cache ]]  1xemmc4s@bitDOR)
EMP 30fps video \L —~/ | 1x SDIO 3.0{4-bit DDR)
2x SD 2.0{4-bit SDR)
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Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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Claim 11

A microprocessor, which comprises

On information and belief, each Accused Product listed in the attached list of Accused
Products (Ex. A) contains a microprocessor (“Accused Microprocessors”). See Ex. A for
listings of microprocessors in the Accused Products, information obtained from
http://www.phonescoop.com/; http://pdadb.net/; http://www.gsmarena.com/. Each
microprocessor is an electronic circuit that interprets and executes programmed instructions.

a main central processing unit and

As discussed in the attached list of Accused Products, the Accused Microprocessors contain a
first ARM core. See also, http://en.wikipedia.org/wiki/Qualcomm_Snapdragon;
http://en.wikipedia.org/wiki/Exynos; http://en.wikipedia.org/wiki/OMAP.

a separate direct memory access
central processing unit in a single
integrated circuit comprising said
Microprocessor,

On information and belief, the Accused Microprocessors contain a second central processing
unit separate from the first ARM core. On information and belief, the second central
processing unit is able to access memory and fetch and execute instructions separately and
independently of the main central processing unit.

For example, many of the Accused Microprocessors are multicore processors that contain
more than one ARM core.
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Figure 15-3. DMM Integration
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Figure 16-2. DMM and Tiler Overview

[ -
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| | Dual Cortex-A9 MPU | "

|

| Interrupt controller | e DMM_MA_IRQ

: _MA_

|

: Dual Cortex-M3 MPU |4 .

: Interrupt controller | | DMM_MM_IRQ

: 128-bit

: L3 interconnect # -

| TILER.

: PRCM

|

|

I SDF{E_ ;;:l:r.-.rerml * DMM_CLK

| omain contr s DMM_RST

: »DMM_RET RST

|

|

L o o o e e e e e e e e e e e e e e e e — — —
OMAP4470 Technical Reference Manual, p. 3308.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
T Q:ortex—A15 Dual core\' Memory/ Storage UF
1-ch eDF output: CPUD CPU 1
Single WQXGA 1.7GHz 1.7GHz DO and DORS
- ps 2-port
HODMI v1.4 output IZKBIAZKE 3ZKBI3ZKB Max. 12.8GBytesisec
NEOM NEON
MIPI DS output: (LPDDR2 1086Mbps)
Single SXGA or WXGA sCcU
or WUXGA | | SRAM
14-bit Bayer input 1MB L2 Cache 1x eMMC 4.5(8-bit DDR)
SMPI 3;::;:;20 \[ J} 1x SDIO 3.0(4-bit DDR)
2x SD 2.0{4-bit SDR)
2-ch 4-lane MIPI CSI2
ar 1-ch 8-bit YLV input ﬁ 2-ch EF-NAND
securs — {6-bit DDR)
High Speed I/F -
MuRbiaye Sl Graphics/ Video! ISP
1 port USB 3.0 Crypio SYEMMU
{Device or Host) Engine ﬁ 1080p B0fp= codec:
1 port USB 2.0 /s
{Device or Host) - 3D HW: OpenGL ES,
System Peripheral iy
2x HSIC -
\firtual addressing 20 HW
1x SATA3
LF audio co-processor ISP & Post processors
External Peripheral Memery Interlzaving ;[?:EI Igg:%%%?%ﬁ
S UART 32x DMA JPEG HW codec
sSSP 7-PLL, Timer, 4-PWM
x 2SIPCH —
Tx ACTISFDIF HSIC, MIPI HSI, C2C
8x 12C
Figure 1-1  Block Diagram of Exynas 5250
Exynos 5 Dual Reference Manual, Fig. 1-1.
In addition, many of the Accused Microprocessors contain one or more DSPs that are able to
access memory and fetch and execute instructions separately and independently of the main
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central processing unit.

Shared L1 Instruction Cache S
Thread 0 Fetch Thread 1 Fetch Thread 2 Fetch
Executlon Execution Execution Sioel e
Units Unlits uUnjits L2 Cache
Reglster Flle Reglster Flle Reglster Flle
Shared L1 Data Cache —

Hexagon Programming: Processor Overview, p. 10.
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MSM8960 ES2 Architecture Overview

MSM8960 DG — page 36
Baseband Schematic — page 607

% = ES2 changes or E— I:l Ri Power — =
2 additions vs ES1 oen Manager System 2 2
g ng § i _5 I:IAppIicaﬁcnSSyslem § i § % g g
wany p_fr_ [Wedemsystom N0 S S, 3% Y. 3% SR |
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5 E o _’_F;_R“_"B_i o) Multimadia Subsystem thMI:i }
dg f } ::‘Mm‘ ‘ Core ol :‘ t‘:lr:t‘:‘fwes P’WRcﬂ& }
£ g } o ﬁ 'g i: # 1‘ MM FPB (83 MHz / 32-bit) f l1‘ T f‘ :} o }
EN LAIE DI EEE N
| | |
g | 5 el |l 0830, [bridge] \i":’_" H QDSPE Wl omdte | [ o |1
} 11| grephics L HD ! L Lowpower Audio |
‘ H wimemory | VFE -1(-| IPEG T| MDP 42 | i Subsystam |
! oo | TTREE
AN B e ¢ V9 ¥4 ! Fo
£ } £ g SE| 1 E] mmgmnlUnlt(SmUJ&FPB (83 MHz / 32:bit) | | of &

[r 5 | =
a1 T W T W W o | 3k &
=0 R __“__H__________________________1196_M_Hz_12_850____ Tl

Clock & < Applications | Fabric | | (400 MHz / 64-bit)
i v
< System Fabric (133 MHz / 64-hit) >
4 Config clis
[ 1 O 1 1 I D s S B wat _y katame [0
Modem i Hiroresson Dual Krait ||
Syste | Subsystem |
ys mAHE } ol e [ arbiter ][ spliter | Subsystem =0 ?_qu;;.;h :
W SW | FPB1 Tl I_* ___::::________________:______________i‘
|| A o l = ;
A ! . I
I bridge Core circtits SPSS Fabric
| Modem HW | } t ¢ t t Smart Paripharal i
I sunyam ‘
I l T T }| Core ckis H Core ckis | | Gssn 1] GSB[10:8| Core circutts GSB[1211] ‘ !
il ——r-———r—r———xm——i—x\e i L
AL |
L ron 3|2 318883z
L SPSS Fabric = § * EEaE]

B0-N1622-5 Rev. F

51 Qualcomm Confidential and Proprietary
MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

MSMB8960 Chipset Schematics and Design Guidelines, p. 50.
See also., http://en.wikipedia.org/wiki/Qualcomm Snapdragon;

http://en.wikipedia.org/wiki/Exynos; http://en.wikipedia.org/wiki/OMAP.

said main central processing unit
having an arithmetic logic unit,

ARM cores, such as those contained within the Accused Microprocessors, contain arithmetic

logic units.

The ARM instruction provides control over the Arithmetic Logic Unit (ALU) and confirms
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that the ALU within the CPU performs arithmetic and logic operations on data.

In addition, the ARM architecture provides:

control over both the Arithmetic Logic Unit (ALU) and shifter in most data-processing instructions
o maximize the wse of an ALU and a shifter

ARMV7 Architecture Reference Manual [TPLBN051517-TPLBN052654], p. A1-2.

Arithmetic/logic instructions

The following arithmetic/logic instructions share a common instruction format. These perform an arithmetic
or logical operation on up to two source operands, and write the resolt to a destination register. They can
alzo optionally update the condition code flags, based on the result.

ARM Architecture Reference Manual, p. A1-7

a first push down stack with a top
item register and a next item register,
connected to provide inputs to said
arithmetic logic unit, an output of
said arithmetic logic unit being
connected to said top item register,

The ARM architecture defines how an ARM core must operate. ARM Architectures,
Processors, and Devices, pp. 1-3 The ARMv7-A architecture is backwards compatible with the
ARMVG architecture. ARM Architectures, Processors, and Devices, p. 1-3, 1-4.

The ARM instruction provides control over the Arithmetic Logic Unit (ALU) and confirms
that the ALU within the CPU performs arithmetic and logic operations on data.

In addition, the ARM architecturs provides:

. control over both the Arithmetic Logic Unit (ALU) and shifter in most data-processing instructions
to maximize the wse of an ALL and a shifter

ARM Architecture Reference Manual, p. Al1-2.

Arithmetic/logic instructions

The following arithmetic/logic instructions share a common instruction format. These perform an arithmetic
or logical operation on up to two source operands, and write the result to a destination register. They can
also optionally update the condition code flags, based on the result.

ARM
Architecture Reference Manual, p. Al-7.

The Arithmetic Logic Unit (ALU) derives its two inputs from the "Top item' (Rn) and the 'Next
item’ (Rm) of the 'Push Down Stack' from the 'General Purpose Registers' (the holding place
for items placed there by stack operations) and directs its output (Rd) back to the 'General
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Purpose Registers'.

Assembler syntax
ADC{5}ecs<g> {<Rd=,} <Rm», <Am-, <type> <Rs»
where:
5 IT 5 is present, the instruction updates the flags. Otherwise, the flags are not updated.
A See Standard assembler syniax fields on page A8-7.
«Ril= The destination register.
«Rn= The first operand register.
<R The register that is shifted and vsed as the second operand.
<types The type of shift to apply to the value read from <Res. It must be one of:
ASH Arithmetic shift right, encoded as type = 0b10
LsL Logical shift left. encoded as type = Ob00
LSk Logical shift right, encoded as type = 0b01
ROR: Fotate right, encoded as type =0bl1.
«Rs> The register whose bottom byte containg the amount to shift by,

The pre-UAL syntax ADC<c>5 is equivalent to ADCS<cs.

ARMV7 Architecture Reference Manual, p. A8-19.

The Register File includes register R13, also known as SP or the Stack pointer, which is a -
pointer to the active stack.
SP, the Stack Pointer
Register R13 is used as a pointer to the active stack.

In Thumb code. most instructions cannot access SP. The only instructions that can access
SP are those designed to use SP as a stack pointer.

The use of SP for any purpose other than as a stack pointer is deprecated.
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ARMV7 Architecture Reference Manual, p. A2-11.

The top two items in the stack are connected to provide inputs into the ALU by using a “POP”.
A8.6.122 POP

Pop Multiple Registers loads multiple registers from the stack, loading from consecutive memory locations
starting at the address in SP, and updates SP to point just above the loaded data.

ARMV7 Architecture Reference Manual, p. A8-246.
The output of the ALU is connected to the top of the stack and may be saved with a “PUSH.”
A8.6.123 PUSH

Push Multiple Registers stores multiple registers to the stack, storing to consecutive memory locations
ending just below the address in SP, and updates SP to point to the start of the stored data.

ARMV7 Architecture Reference Manual, p. A8-249.

In the alternative, the Accused Microprocessors also include an operand stack for Jazelle DBX
instructions.

A210.2 Jazelle direct bytecode execution support
From ARM~v3TE]L the architecture requires every system to include an implementation of the Jazelle

extension. The Jazelle extension provides architectural support for hardware acceleration of bytecode
exccution by a Java Virmwal Machine (1VM).

ARMV7 Architecture Reference Manual, p. A2-73.

Page 80 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page82 of 148
EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF

U.S. PATENT NO. 5,530,890 By Samsung

-

-

-

-

-

-

-

-

-

-

-

-

-
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Reads
Eeads are defined as memory operations that have the semantics of a load.

The memory accesses of the following instructions are reads:

LDR, LORB, LORH, LORSE, and LDRSH

LOAT, LORBT, LDRHT, LORSET, and LOASHT

LDAEX, LOREXE, LDREXD, and LOREXH

LDM, LORD, POP, amd RFE

LDC, LDCZ, VLOM, VLDR, YLD, VLDZ, VLD3, and WLD4

the return of status values by STREX, STREXE, STREXD, and STREXH
in the ARM instruction set only, SW® and SWPE

in the Thumb instruction set only, TBE and TEH.

Hardware-accelerated opeode execution by the Jazelle extension can cause a number of reads to occur,
according to the state of the operand stack and the implementation of the Jazelle hardware acceleration.

Writes
Wnites are defined as memory operations that have the semantics of a store.

The memory accesses of the following instructions are Writes:

STH, STRE, and STRH

STRT, STRET, and STRHT

STREX. STREXE, STREXD. and STREXH

5TM, STRD, PUSH, and SRS

STC, STC2, VSTM, VSTR, VST, WST2, VET3, and VET4
in the ARM instruction set only, SW* and SWPE.

Hardware-accelerated opeode execution by the Jazelle extension can cause a number of writes to occur,
according to the state of the operand stack and the implementation of the Jazelle hardware acceleration.

ARMV7 Architecture Reference Manual, p. A3-42.
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The operand stack contains a top item register and a next item register connected to provide
inputs to the ALU and the output of the ALU is connected to the top item register. The first
four elements of the stack are held in the register file in registers RO-R3. The stack pointer is
held in register R6.

In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g . R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requuired to implement the Java machine,
and keeps all of the state required by the Jazelle
extension in ARM registers, In addition, it ensures
compatibility with existing operating systems,
interrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™ at 3.

Plaintiffs contend that this claim element is literally present as described above. In the event
that this claim element is not found to be literally present, Plaintiffs contend that the above
identified stacks are equivalent to “a first push down stack with a top item register and a next
item register, connected to provide inputs to said arithmetic logic unit, an output of said
arithmetic logic unit being connected to said top item register” and any differences are
insubstantial. In particular, the stacks perform the same function (i.e., provide input and output
to the ALU), in substantially the same way (i.e., by providing a last-in, first-out data structure),
and have the same result (i.e., the ALU performs operations on inputs and provides output).

said top item register also being
connected to provide inputs to an
internal data bus,

The top item in the stack of an ARM core is connected to provide input to an internal data bus
by using a “POP” which loads it into a register.
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A8.6.122 POP

Pop Multiple Registers loads multiple registers from the stack, loading from consecutive memory locations
starting at the address in SP, and updates SP to point just above the loaded data.

ARMV7 Architecture Reference Manual, p. A8-246.

The top item of the stack is also located in the data cache within the “memory system.”

On information and belief, the register file provides inputs to and is bidirectionally connected
to internal buses (e.g., L3 Interconnect, AXI/AHB Bus, Applications/System Fabric)..
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T T addrass +
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| |
Instruction prafetch stage Memary systam
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Figure 2-1 Cortex-A9 processor top-level diagram
Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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OMAP4470 Technical Reference Manual, p. 1091.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.

Display/ Camera (- rtax-A15 Dual core Memory! Storage VF
Tgh =D vt CPUD CPUT LPDDR3 and DOR3
Sin
=ing 1.7GHz 1.7GHz 32-bit 1600Mbps 2-port
HODMI v1.4 output IZKBIAZKE 3ZKBI3ZKB Max. 12.8GBytesisec
NEON NEON
MIPI DS output: (LPDDR2 1066Mbpa)
Single SXGA or WXGA | scuU |
or WUXGA SRAM
14-bit Bayer input [ imMBL2Cache ]]  1xemmc4s@bitDOR)
EMP 30fps video \L —~/ | 1x SDIO 3.0{4-bit DDR)
2x SD 2.0{4-bit SDR)
2-ch 4-lane MIPI CSI2
or 1-ch 8-bit YUV input 2-ch EF-NAND
Sscurs {B-bit DDR)
MEM TZPC
High Speed I/F
_ cilinsticlat bt Graphics/ Video/ ISP
1 port USB 3.0 Crypto SYSMMU
{Device or Host) Engine 1080p B0fp= codec:
VPE
1 port USB 2.0
{Device or Host) " . 3D HW: OpenGL ES
System Peripheral pe »
OpenCL
2 HSIC
\firtual addressing 20 HW
1x SATAZ
LP audio co-processor ISP & Post processors
) 16MP ISP/ BMP 30
External Peripheral Memery Interleaving ADMR. DIS. ODC ngj’:
il 32x DMA JPEG HW codec
o_o
3% HS-SPI 7-PLL, Timer, 4-PWM
x 12SiPOH I
o
Tx ACHTISEDIF HSIC, MIPI HSI, C2C
Bx 12C

Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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MSMB8960 DG — page 36

MSM8960 ES2 Architecture Overview Baseband Schematic — page 607
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

In the alternative, when executing Jazelle code, the top item and next item, located in registers
RO-R4 are bidirectionally connected to the OMAP4430’s or OMAP4470’s L3 interconnect, the
MPU local interconnect, and other internal buses.
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Plaintiffs contend that this claim element is literally present as described above. In the event
that this claim element is not found to be literally present, Plaintiffs contend that the above
identified buses, either alone or in combination, are equivalent to “an internal data bus” and
any differences are insubstantial. In particular, the buses perform the same function (i.e.,
provide data connections between the ALU, memory, and registers), in substantially the same
way (i.e., by connecting them electrically), and have the same result (i.e., the various
connected components transmit data between them).

said internal data bus being The ARM core contains general purpose registers.
bidirectionally connected to a loop

counter For example, in ARMV7 cores there are thirteen general purpose registers R0-R12.

A2.32 ARM core registers

In the application level view, an ARM processor has:
. thirteen general-purpose32-bit registers, RO o R12

. three 32-hat regnsters, R13 to R15, that sometimes or always have a special use.

Registers R13 to R 15 are wsually referred to by names that indicate their special uses:

ARMV7 Architecture Reference Manual, p. A8-246.

Any of the general purpose registers is a loop counter when the register is incremented or
decremented and is combined with a conditional branch instruction.

The second half of the addressing mode mnemonics stands for the stack type you can
implement with that address mode: Full Descending, Empty Descending, Full Ascending,
and Empty Ascending, With a full stack, Rn points to the last stacked value; with an empty
stack, Rn points to the first unused stack location. ARM stacks are usually full descending.

ARM System Developer's Guide, A. N. Sloss, Morgan Kaufmann [TPLBN052655-
TPLBNO053357 p. 585.
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The register file provides inputs to and is bidirectionally connected to internal buses (e.g., L3
Interconnect, AXI/AHB Bus, Applications/System Fabric).
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| |
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Small loop Mamory Translation
mode Global history buffer Load %rrlhm management | | lookaside
uni -
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Instruction
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v

Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.

Display/ Camera (- rtax-A15 Dual core Memory! Storage VF
Tgh =D vt CPUD CPUT LPDDR3 and DOR3
Sin
=ing 1.7GHz 1.7GHz 32-bit 1600Mbps 2-port
HODMI v1.4 output IZKBIAZKE 3ZKBI3ZKB Max. 12.8GBytesisec
NEON NEON
MIPI DS output: (LPDDR2 1066Mbpa)
Single SXGA or WXGA | scuU |
or WUXGA SRAM
14-bit Bayer input [ imMBL2Cache ]]  1xemmc4s@bitDOR)
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) 16MP ISP/ BMP 30
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il 32x DMA JPEG HW codec
o_o
3% HS-SPI 7-PLL, Timer, 4-PWM
x 12SiPOH I
o
Tx ACHTISEDIF HSIC, MIPI HSI, C2C
Bx 12C

Figure 1-1  Block Diagram of Exynas 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.

Page 93 of 147 HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page95 of 148

EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF
U.S. PATENT NO. 5,530,890 By Samsung

MSM8960 ES2 Architecture Overview
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51
MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

Core circuits GSBI12:11] ‘

----fm--fm
JHEEHE

Qualcomm Confidential and Proprietary

T

USB 2.0

On information and belief, when executing Jazelle instructions within a loop, the processor
maintains a loop counter that is bidirectionally connected to the Accused Microprocessor’s
internal buses.

said loop counter being connected to

Each ARM core contains a general purpose register or other hardware is used as a loop

Page 94 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Page96 of 148

EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF
U.S. PATENT NO. 5,530,890 By Samsung

a decrementer, counter, the loop counter is connected to an ALU or an adder, which serves as a decrementer.

For example, in ARMV7 cores there are thirteen general purpose registers R0-R12.

A2.2 ARM core reqgisters

In the application level view, an ARM processor has:
. thirteen general-purpose32-bit registers, RO to R12

. three 32-bat registers, B13 to R15, that sometimes or always have a special use.

Registers B3 to B15 are usually referred to by names that indicate their special uses:

ARMV7 Architecture Reference Manual, p. A8-246.

Any of the general purpose registers is a loop counter when the register is incremented or
decremented and is combined with a conditional branch instruction.

The second half of the addressing mode mnemonics stands for the stack type you can
implement with that address mode: Full Descending, Empty Descending, Full Ascending,
and Empty Ascending, With a full stack, Rn points to the last stacked value; with an empty
stack, Rn points to the first unused stack location. ARM stacks are usually full descending.

ARM System Developer's Guide, A. N. Sloss, Morgan Kaufmann [TPLBN052655-
TPLBNO053357 p. 585.

The register file provides inputs to and is bidirectionally connected to internal buses (e.g., L3
Interconnect, AXI/AHB Bus, Applications/System Fabric).
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Corlex-AS processor Program Trace Perfarmance
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Dual instruction Dut of order
dacoda stage multi-issua
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Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.

said internal data bus being
bidirectionally connected to a stack
pointer, return stack pointer, mode
register and instruction register,

Each ARM core has a stack pointer.
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SP, the Stack Pointer
Register R13 is used as a pointer to the active stack.

In Thumb code, most instructions cannot access SP. The only instructions that can access
SP are those designed (o use SP as a stack pointer.

The use of SP for any purpose other than as a stack pointer is deprecated.

ARM Architecture Reference Manual - ARMv7-A and ARMV7-R p. A2-11

On information and belief, the Register File of each Accused Microprocessor is bidirectionally
connected to the data bus. The Register File includes Register R13, also known as SP or the
stack pointer, which points to the active stack and Register R14, also known as LR, the Link
Register, which contains an identical memory address as the top of the return stack.
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SP, the Stack Pointer
Register R13 15 used as a pointer to the active stack.

[n Thumb code, most instructions cannot access SP. The only instructions that can access
5P are those designed to use SP as a stack pointer.

The use of SP for any purpose other than as a stack pointer 15 deprecated.

MNote

Uzing 5P for any purpose other than as a stack pointer 1 likely to break the requirements of
operating systems, debuggers, and other software systems, causing them to malfunction.

LR, the Link Register

Register K14 15 used to store the return address from a subroutine. At other times, LR can
be used for other purposes.

When a BL or BLY instruction performs a subroutine call, LR 15 set to the subroutine returm
address. To perform a subroutine return, copy LE back to the program counter. This is
typically done in one of two ways, after entening the subroutine with a BL or BLX instruction:

- Return with a BY LR instruction.
- U subroutine entry, store LR to the stack with an instruction of the form:
PUSH [<regisverss,LR]
and use a matching instruction to retum:
POP [<registerss,PC}
ThumbEE checks and handler calls use LR in a similar way. For details see Chapter A9
ThumbEE.
ARMV7 Architecture Reference Manual, p. A2-11.

On information and belief, one or more instruction registers receive instructions from the
instruction cache.
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Translafion Lookaside Buffer (TLE)
Instruction side L1 memaory system *
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Branch Target
Address Cache
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Fatch Instruction Cache .
Global History _ﬂ{lw* 16KE to B4KE = InsTuctions=e, & Decoder
Buffer {GHE)
Decoupling
FIFO
Retum Stack
From core
Force PC ,  Predictions
(mizpredict) Update
Figure 6-1 Branch prediction and instruction cache
Cortex-A9 Technical Reference Manual p. 6-5.
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Figure 2-1 shows a top-level functional diagram of the Cortex-A15 MPCore processor.

Cortex-A15 MPCore processor
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Interrupts TimerEvents
Debug and . GIC Generic !’
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== I Miscellanzous
¥
¥ ¥ ]
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Buffer Virtual to
Physical «+—s{ Dispatch stages
Register NEOM o Writeback
Poal VFP

— Instruction
Branch Feteh
proediction

Ind Pred

CF14 | Register , -
CP15 File

Instruction
Return ‘—’{ Cache | ITLE |<—b|
Stack

L2-TLE |47

!

!

| 1% level arbitration |

k

Processor 0

Processor 1"

Processor 21

Processor 3'
y v v ¥
| 2™ lgvel arbitration |
. . Fill / Evict L2 Cache Snoop Auto Prefetch
‘ Slave ‘ Master Buffers (512KE 1o 4 MB) | |Contral Unit Engine
ACP ACE

Level 2 memory system

'Optianal

Figure 2-1 Block diagram

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-2.
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Instruction fetch

The instruction fetch unit fetches istructions from the L1 instruction cache and delivers up to
three mstructions per cycle to the instruction decode unit. It supports dynamic and static branch
prediction. The mstruction fetch unit includes:

. L1 mnstruction cache that 1s a 32KB 2-way set-associative cache with 64 bytes cache line
and optional parity protection per 16-bits.

. 2-level dynamic predictor with BTB for fast target generation.
. Return stack
. Static branch predictor.

. Indirect predictor.
. 32-entry fully-associative L1 nstruction TLB.

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-3.

The ARM core contains a number of mode registers within its system control coprocessors.
See, e.g., Cortex-A9 Technical Reference Manual Ch. 4; Cortex-A15 MPCore Processor
Technical Reference Manual Ch. 4.

On information and belief, the register file provides inputs to and is bidirectionally connected
to internal buses (e.g., L3 Interconnect, AXI/AHB Bus, Applications/System Fabric.
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Figure 2-1 Cortex-A9 processor top-level diagram

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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Figure 4-1. Cortex-A8 MPU Subsystem Overview
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OMAP4470 Technical Reference Manual, p. 1091.
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1.3 Block Diagram

Figure 1-1 illustrates the block diagram of Exynos 5250.
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Exynos 5 Dual Reference Manual, Fig. 1-1.
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Figure 1-1  Block Diagram of Exynas 5250
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Baseband Schematic — page 607
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.

When executing Jazelle instructions, the stack pointer is located in register R6.
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In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g.. R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requured to implement the Java machine.
and keeps all of the state required by the Jazelle
extension m ARM registers, In addition. it ensures
compatibility with existing operating systems,
mterrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™ at 3.

said stack pointer pointing into said
first push down stack,

The stack pointer points to the stack.
SP, the Stack Pointer
Regmster R13 15 used as a pointer to the active stack.

[n Thumb code, most instructions cannot access SP. The only instructions that can access
5P are those designed to use SP as a stack pointer.

The uze of SP for any purpose other than as a stack pointer 15 deprecated.
Note

Using SP for any purpose other than as a stack pointer is likely to break the requirements of
operating systems, debuggers, and other software systems, cauzing them to malfunction.

ARMV7 Architecture Reference Manual, p. A2-11.

When executing Jazelle instructions, the pointer in R6 points to the stack.
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In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g.. R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requured to implement the Java machine.
and keeps all of the state required by the Jazelle
extension m ARM registers, In addition. it ensures
compatibility with existing operating systems,
mterrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™ at 3.

said internal data bus being On information and belief, the internal buses of the Accused Microprocessors are connected to
connected to a memory controller, to | a memory controller.

a Y register of a return push down
stack, an X register and a program
counter,
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Figure 13-1 shows a functional diagram of all memory subsystems in the device.

Figure 15-1. Memory Subsystem Functional Diagram
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OMAP4430 Technical Reference Manual, p. 3207.
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Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram
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1.3 Block Diagram

Figure 1-1 illustrates the block diagram of Exynos 5250.
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Exynos 5 Dual Reference Manual, Fig. 1-1.
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Figure 1-1  Block Diagram of Exynas 5250
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Memory Controller and
PoP Memory — page 44
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MSMB8960 Chipset Schematics and Design Guidelines, p. 41.

On information and belief, the internal buses are connected to a register of the return stack
which serves as a Y register. The internal buses are also connected to the Register File which
contains several general purpose registers that may serve as an X register and the program
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Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 2-1 Cortex-A9 processor top-level diagram
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PC, the Program Counter
Register R15 is the program counter:

g When executing an ARM instruction, PC reads as the address of the current
instruction plus 8.

g When executing a Thumb instruction, PC reads as the address of the current
instruction plus 4.

] Writing an address to PC causes a branch to that address.

In Thumb code, most instructions cannot access PC.

ARMV7 Architecture Reference Manual, p. A2-11.
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Figure 2-1 shows a top-level functional diagram of the Cortex-A15 MPCore processor.

Cortex-A15 MPCore processor

APB

Interrupts TimerEvents
Debug and . GIC Generic !’
CTI Trace ” (optional) Timer
== I Miscellanzous
¥
¥ ¥ ]
[ Debug PTM [ PMU | -
Rename Irteger
Loap Execute "
Buffer Virtual to
Physical «+—s{ Dispatch stages
Register NEOM o Writeback
Poal VFP

— Instruction
Branch Feteh
proediction

Ind Pred

CF14 | Register , -
CP15 File

Instruction
Return ‘—’{ Cache | ITLE |<—b|
Stack

L2-TLE |47

!

!

| 1% level arbitration |

k

Processor 0

Processor 1"

Processor 21

Processor 3'
y v v ¥
| 2™ lgvel arbitration |
. . Fill / Evict L2 Cache Snoop Auto Prefetch
‘ Slave ‘ Master Buffers (512KE 1o 4 MB) | |Contral Unit Engine
ACP ACE

Level 2 memory system

'Optianal

Figure 2-1 Block diagram

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-2.
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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NT OF

Figure 4-1. Cortex-A8 MPU Subsystem Overview
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OMAP4470 Technical Reference Manual, p. 1091.

L3 interconnect EMIF MIF2 < mleroonnef‘l >
I Global PRCM |

| Device
|
|
| Cortex-A3 MPU subsystem
|
|
| Cortex-A3 multicore
| processor
| | Multicore trace and debug | Emulation |«
|
|
| cPUD CPU1
|
| | Neoncorel | VFAPv3 core | | Neoncore| | VIFPv3 cone |
I | L1l || LD | L1l || LD
| e.zr(a aznca 32!(3 e.zr(a
|
| Intermupt |TmerandWDT|MER| | Tmerand WU‘I’IMER |
| el P
Z |

| Extemal IRQs u M SCU
| 2 T T ¥
| = [ ¥ y Two T standby
| + controllers (one per CPU)
| S PL310 v
1 Local IRQs CMU )
| L2 cacha /
| M8 One L2 standby
| ¥ controller
I g -_. | MA

2
I |5
| 2
| g y L
T N
| g E Local interconnact *1 Local PRCM
L [ F
: \/ h y a
| Bridge: Bndge Bridge Brdge
|
|
|
|
|
|

Page 117 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Pagell9 of 148
EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF

U.S. PATENT NO. 5,530,890 By Samsung

When executing Jazelle instructions, register R4 may be used as an X register.

In Java State, the processor assigns several ARM
registers to functions specific to the Java machine
(e.g . R6= stack pointer, R0-R3= top elements of
stack, R4=local variable 0). This hardware reuse
contributes to the small size of the additional logic
{12k gates) requuired to implement the Java machine,
and keeps all of the state required by the Jazelle
extension in ARM registers, In addition, it ensures
compatibility with existing operating systems,
interrupt handlers and exception code.

ARM White Paper, Accelerating to Meet the Challenges of Embedded Java™ at 3.

said Y register, X register and
program counter providing outputs
to an internal address bus,

On information and belief, the program counter, X register, and Y register provide outputs to
the internal buses of the Accused Microprocessors.

Plaintiff contends that this claim element is literally present. However, in the event that this
claim element is not found to be literally present, Plaintiffs contend that the above identified
buses, either alone or in combination, are equivalent to “an internal address bus” and any
differences are insubstantial. In particular, the buses perform the same function (i.e., provide a
means to communicate addresses between the ALU, memory, and registers), in substantially
the same way (i.e., by connecting them electrically), and have the same result (i.e., the various
connected components transmit addresses to each other).

said internal address bus providing
inputs to said memory controller and
to an incrementer,

On information and belief, the internal buses of the Accused Microprocessors provide inputs to
the memory controller to provide access to RAM. In the case that the Program Counter, X
register, or Y register holds an address pointing to external memory, the internal buses
provides the address to the memory controller.

The internal buses also provide input to an incrementer.
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T==10 32-bit instructions are fetched (and the PC is incremented by four) and are executed as ARM
instructions.

T==1 16-bit instructions are fetched (and the PC is incremented by two) and are executed as
Thumb instructions.

See ARM Architecture Reference Manual at A6-2 .
A3.1.1 Address incrementing and address space overflow
When a processor performs normal sequential execution of instructions, it effectively calculates:
(address_of_current_instruction) + (size_of_executed_instruction)
after each instruction to determine which instruction to execute next.
Note

The size of the executed instruction depends on the current instruction set, and might depend on the
instruction executed.

If this address calculation overflows the top of the address space, the result is UNPREDICTABLE. In other
words, a program must not rely on sequential execution of the instruction at address 9x00000000 after the
instruction at address:

. OxFFFFFFFC, when a 4-byte instruction is executed
. OxFFFFFFFE, when a 2-byte instruction is executed
. OxFFFFFFFF, when a single byte instruction is executed.

ARMV7 Technical Reference Manual p. A3-2

said incrementer being connected to
said internal data bus,

On information and belief, the incrementer is connected to the internal buses in order to
increment the instruction address.

The internal buses also provide input to an incrementer.
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T==10 32-bit instructions are fetched (and the PC is incremented by four) and are executed as ARM
instructions.

T==1 16-bit instructions are fetched (and the PC is incremented by two) and are executed as
Thumb instructions.

See ARM Architecture Reference Manual at A6-2 .
A3.1.1 Address incrementing and address space overflow

When a processor performs normal sequential execution of instructions, it effectively calculates:
(address_of_current_instruction) + (size_of_executed_instruction)
after each instruction to determine which instruction to execute next.
Note

The size of the executed instruction depends on the current instruction set, and might depend on the
instruction executed.

If this address calculation overflows the top of the address space, the result is UNPREDICTABLE. In other
words, a program must not rely on sequential execution of the instruction at address 9x00000000 after the
instruction at address:

. OxFFFFFFFC, when a 4-byte instruction is executed
. OxFFFFFFFE, when a 2-byte instruction is executed
. OxFFFFFFFF, when a single byte instruction is executed.

ARMV7 Technical Reference Manual p. A3-2

said direct memory access central
processing unit providing inputs to
said memory controller,

On information and belief, the other central processing units of the Accused Microprocessors
provide inputs to the memory controller.
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Figure 15-3. DMM Integration
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OMAP4430 Technical Reference Manual, p. 3213.
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Figure 16-2. DMM and Tiler Overview
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OMAP4470 Technical Reference Manual, p. 3308.
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1.3 Block Diagram

Figure 1-1 illustrates the block diagram of Exynos 5250.
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or 1-ch 8-bit YLV input
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Exynos 5 Dual Reference Manual, Fig. 1-1.
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Figure 1-1  Block Diagram of Exynas 5250
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MSM8960 ES2 Architecture Overview
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MSMB8960 Chipset Schematics and Design Guidelines, p. 50.
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said memory controller having an
address/data bus and a plurality of
control lines for connection to a
random access memory.

On information and belief the memory controller of each Accused Microprocessor has an
address/data bus and a plurality of control lines for connection to random access memory.
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Figure 13-1 shows a functional diagram of all memory subsystems in the device.

Figure 15-1. Memory Subsystem Functional Diagram
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OMAP4430 Technical Reference Manual, p. 3207.
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Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram
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OMAP4470 Technical Reference Manual, p. 3302.
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1.4.2 Memory Subsystem
Exynos 5250 provides the leading memaory bandwidth for mobile applications.

+  Mgobile DDR3 (LPDDR3) Interface

—  Two ports x32 data bus with 800 MHz per pin, double data rate (DDR)

- 1.2V interface voltage

—  Density: Maximum 4 GB by memony map limit, Recommend: Maximum 2 memary dice per port.
NOTE: The max number of column address bits is 10.

*  Mobile DDR2 (LPDDR2) interface

- Two ports x32 data bus with 533 MHz per pin and doulble data rate (DDR)

- 1.2V interface voltage

- Density: Maximum 4 GB by memony map limit, Recommend: Maximum 2 memory dice per port.
NOTE: The max number of column address bits is 10.

* [DORIDDRIL Interface

—  Two ports x32 data bus with 800 MHz per pin and doulble data rate (DDR)

- 1.5%M.35V interface voltage

— Density: Maximum 4 GB by memory map limit, Recommend: Maximum 2 memory dice per port.
NOTE: The max number of column address bits is 10.

+ eMMC and 5D card interface

—  One channel 8-bit eMMC4.5 (1.8 only)

- One channel 4-bit SD2.0 {1.8 ' only)

- Two channel eMMC4_3/5D2.0 3.3 VM .8V interface voltage
*  EF-MAND3.0 interface

—  Two ports xB-bit data bus with up to 200 MHz per pin and double data rate (DDR)
*  Embedded intermal ROM booting: The syatem does not need a booting device

Exynos 5 Dual Reference Manual, p. 1-8.
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AXI for high-speed DDR Memory Controller (1 of 2 shown)
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<y Resst — ] N oalbration 512 MB
AHB for ~ (10f2)
config control Independent clocks and up to 400 MHz clock;
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DIMs center-align
memory controls & data

MSMB8960 Chipset Schematics and Design Guidelines, p. 44.

Claim 12

The microprocessor of claim 11

in which said memory controller
includes a multiplexing means
between said central processing unit
and said address/data bus, said
multiplexing means being connected
and configured to provide row
addresses, column addresses and data
on said address/data bus.

It is well known to persons of ordinary skill in the art that, due to pin limitation, DRAM
memory addressing is accomplished by multiplexing the row and column addresses on the
address pins. On information and belief, this is true for each of the Accused Microprocessors.
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AN

ROW ADDRESS | = DRAM Bank

One DRAM Page

=

Row Decoder

‘Qna Calumn

COL ADDRESS |—-\ Column MUY

FIGURE 7.8: The mulli-phase DRAM-access praltocol, The row access drives a DRAM page onto the bitlines to be sensed by the
sanse amps. The column address drives a subsat of the DRAM page onto the bus (e.q., 4 bits).

B. Jacob et al., Memory Systems: Cache, DRAM, DISK [TPLBN053358-TPLBN054374] at
321.
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Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram

L3 interconnect

OMAP4470 Technical Reference Manual, p. 3302.
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Claim 13

The microprocessor of claim 11
additionally comprising

13. The microprocessor of claim 11
in which said memory controller
includes means for fetching
instructions for said central
processing unit on said address/data
bus, said means for fetching
instructions being configured to fetch
multiple sequential instructions in a
single memory cycle.

The ARM cores include an external instruction fetch that draws multiple sequential
instructions and supplies them to the central processing unit in a single memory cycle. On
information and belief the Accused Microprocessors have an apparatus for fetching and
supplying instructions in parallel.

A3.91 Introduction to caches

A cache is a block of high-speed memory that contains a number of entries, each consisting of:
. main memory address information, commonly known as a fag
. the associated data.

Caches are used to increase the average speed of a memory access. Cache operation takes account of two

principles of locality:

Spatial locality

An access to one location is likely to be followed by accesses to adjacent locations.
Examples of this principle are:
. sequential instruction execution

. accessing a data structure.

ARMv7 Reference Manual at A3-51 (165).

A6.1 Thumb instruction set encoding

The Thumb instruction stream is a sequence of halfword-aligned halfwords. Each Thumb instruction is

either a single 16-bit halfword in that stream, or a 32-bit instruction consisting of two consecutive halfwords

in that stream.

ARMv7 Reference Manual at A6-2 (240).

Execution stream
The stream of instructions that would have been executed by sequential execution of the program.

ARMV7 Reference Manual at Glossary-5 (2149).
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Claim 17
The microprocessor of claim 11
additionally comprising
a ring oscillator variable speed On information and belief, the Accused Microprocessors contain a ring oscillator variable

system clock connected to said main | speed system clock connected to the processors on the chips.
central processing unit, said main
central processing unit and said ring
oscillator variable speed system clock
being provided in a single integrated
circuit.

In each Accused Microprocessor, the PLL clocking the CPU includes a Voltage Controlled
Oscillator (VCO) or a Current Controlled Oscillator (ICO), which is a ring oscillator, having
a multiple, odd number of inversions arranged in a loop, wherein the oscillator is variable
based on the temperature, voltage and process parameters in the environment.

Generally, PLLs have voltage-controlled oscillators, which are circuits capable of maintaining
an alternating output. TI has published papers regarding its DPLLs confirming the use of ring
oscillators. See BN853-0146739-40.
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10b DAC Code Column Decoder | g § Ecﬁﬁm
JITTII]] [ mmmu JTT7 iﬂ ;I'

= - ad -

[g""l}h -E = ; H mmry .:

Segmented e g3 |ii HH

Current 8 F1b
iF 2 oo s s

o 10b DAC Code

o o
Odd Row
! Row_Nax QN _H

N A h@:. b,

Even Row

Figure 26.10.3: Digitally controlled oscillator (DCO) schematic.

ISSCC 2004 / Session 26 / Optical and Fast 10 26.10 [TPLBN051495-TPLBN051504].
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\

v

(c)

Architectures and Circuit Techniques for Multi-Purpose Digital Phase Lock Loops
[TPLBNO051483-TPLBN051494], Fig. 3. “Figs. 17 and 18 show the die micrographs of two
Digital PLLs implemented in 65 nm and 45 nm CMOS. . .. Both use a simple three stage
ring oscillator shown in Fig. 3(a).” Id.

The TI OMAP4 family of processors is also implemented in 45 nm CMOS technology: “The
OMAP4470 high-performance multimedia application device is based on enhanced OMAP
architecture and uses 45-nm technology.” TPLBN043746 (OMAP4470 Technical Ref
Manual). See also TPLBN037535 (OMAP4430 Tech Ref Manual).

Furthermore, on information and belief, each of the OMAP4 chips at issue contains a DPLL
that outputs a clock signal for the MPU. Within each of these DPLLSs is either a single-ended
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or differential ring oscillator. This component of the PLL generates an oscillation (i.e., a
clock signal). The ring oscillator is able to produce an oscillation due to the presence of an
odd number of inversions arranged in a loop. See also HTC Corporation v. Technology
Properties Limited, 08-cv-00882-PSG, Trial Tr. 341:13-347:1, 333:20-374:16 (Haroun
testimony).

On information and belief, the only input to the ring oscillators in the OMAP4 chips is a
current. In addition, while the bias DAC (“digital to analog converter”) in the DPLL may
receive a digital word, it does not pass this control signal on to the ring oscillator. Indeed,
without the bias component of the PLL, the ring oscillators in the OMAP chips would still
output an oscillation. Barring the application of dividers to the ring oscillator’s output, the
only way to change the frequency of the ring oscillator is to change the input current. In other
words, the ring oscillator will always generate a clock signal as long as a current is applied to
it.

Claim 19

The microprocessor of claim 11

in which said first push down stack
has a first plurality of stack elements
configured as latches,

On information and belief, the first plurality of stack elements is configured as latches
(register file or L1 data cache).
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Cortex-A9 Technical Reference Manual, p.2-2.

Cornex-AS processor Program Trace Padamance
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slage
Virual to Instruction ALU
physical ] [queus and
ragistar poal dispatch
FPU ar NEOM
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T T addrass
Instruction  Pradiction ganaration unit
quaua queua T
| | |
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Branch prediction ¥
Small loop Mamaory Translation
mode Global history buffer Load ?rrlhfﬂ management || lookaside
uni -
Inetruction Branch target unit buffar
cacha address cachea
Fraload
| Data cache |
Instruction
fatch

Figure 2-1 Cortex-A9 processor top-level diagram
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a second plurality of stack elements

Figure 2-1 shows a top-level functional diagram of the Cortex-A15 MPCore processor.

Cortex-A15 MPCore processor

AFPB ATB Interrupts TimerEvents
Debug and
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(optionaly Timer
= I
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Branch
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Ind Pred

h ¥
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i Execute o
Buffer Virtual to
Physical +— Dispatch stages
Register NEON Wiriteback
Pool

Instruction
Fetch

CHi4 | Register
CH5 File

Return ‘—’|
Stack

Instruction
Cache

ITLE H L2-TLE

!

!

—

1% level arbitration

Processor O

Processor 17

Processor 2

Processor 3'

y Y. ¥ ¥
| 2™ jgvel arblitration |
) i Fill | Evict L2 Cache Snoop Auto Prefetch
| Slave | Master Buffers | (512KE to 4 MB) | [Contral Unit Engine
ACP ACE

Level 2 memaory system

'Optional

Figure 2-1 Block diagram

Cortex-Al15 MPCore Processor Technical Reference Manual p. 2-2.

On information and belief, the second plurality of stack elements is configured as random

Page 138 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Pagel40 of 148

EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF
U.S. PATENT NO. 5,530,890 By Samsung

configured as a random access
memory,

access memory (L1 cache or L2 cache).

| '

Cortex-A9 Technical Reference Manual, p.2-2.
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Figure 2-1 Cortex-A9 processor top-level diagram
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Figure 4-1. Cortex-A% MPU Subsystem Overview
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OMAP4430 Technical Reference Manual, p. 1077.
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Figure 4-1. Cortex-A9 MPU Subsystem Qverview

OMAP4470 Technical Reference Manual, p. 1091.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
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NEON MEOM
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SxUART 32x DMA JPEG HW codec
oo
Ix HS-5PI 7-PLL, Timer, 4-PWM
3 125/PCH I
pnd
1x ACSTISIPDIF HSIC, MIPI HSI, C2C
8x 12C

Figure 1-1  Block Diagram of Exynos 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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MSM8960 ES2 Architecture Overview
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MSM8960 Chipset Schematics and Design Guidelines, p. 50.

51
MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

Qualcomm Confidential and Proprietary

said first and second plurality of stack
elements and said central processing
unit being provided in a single
integrated circuit,

On information and belief, both the first and the second plurality of stack elements are the
central processing unit are provided on the single integrated circuit in the Accused

Microprocessors.
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and a third plurality of stack elements
configured as a random access
memory external to said single
integrated circuit.

On information and belief, a third plurality of stack elements is configured as external RAM
(e.g., SDRAM).

Figure 13-1 shows a functional diagram of all memory subsystems in the device.

Figure 15-1. Memory Subsystem Functional Diagram
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OMAP4430 Technical Reference Manual, p. 3207.

Page 144 of 147

HIGHLY CONFIDENTIAL - ATTORNEYS’ EYES ONLY




Case3:12-cv-03877-VC Document83-3 Filed07/06/15 Pagel46 of 148

EXHIBIT E-2 - CLAIM CHART FOR INFRINGEMENT OF
U.S. PATENT NO. 5,530,890 By Samsung

Figure 16-1 shows a functional diagram of all memory subsystems in the device.

Figure 16-1. Memory Subsystem Functional Diagram
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OMAP4470 Technical Reference Manual, p. 3302.
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1.3 Block Diagram
Figure 1-1 illustrates the block diagram of Exynos 5250.
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Figure 1-1  Block Diagram of Exynos 5250

Exynos 5 Dual Reference Manual, Fig. 1-1.
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