Embedded Systems
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Processor can consume no more
than 250-300mW
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At the high end of the scale

THE ARCHITECTURE FOR THE DIGITAL WORLD ™

@ [ Networks
Seagate Cheetah Pl ¢ = SOMAPort
i

# .

_ Imaging | Networking - Storage

THE ARCHITECTURE FOR THE DIGITAL WORLD ™

HP Photosmart 1315




Under the hood... Requirements of embedded cores

Reduced package sizes / pin counts
Power management

Good code density

Very fast interrupt handling

Good debug visibility
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The first ARM...

*Used in Acorn Archimedes PCs

*RISC architecture

*Had very low power consumption

*Lead to the development of ARM7TDMI
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Embedded microprocessors Requirements of embedded cores

Reduced package sizes / pin counts
Power management

Good code density

Very fast interrupt handling

Good debug visibility
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Smaller and smaller... More and more...
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The immutable laws of physics Power management

P = Cui' ’ VZKM 'f+ P:m
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Powerdown options The ARM7TDM Core

ABE  A[31:0]

Address
State Name System Mode mcrementer

High speed Address Register «ma‘
Default speed E BIGEND
Slow speed

Register Bank PC Update

STANDBY Core halted - minimize dynamic current e eoader
Decode Stage Decoder

DORMANT \ETo) Leakage only - CPU state saved in cache & RAM t Instruction
Decompression

Sleep

SHUTDOWN Coma No leakage from CPU or cache - state in RAM Read Data
- B | Register
Hibernate sr?irfzzr J Control
. Logic
Off No power - state in ROM ‘ Write Data
Register

32 Bit ALU

D[31:0]
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Using the Barrel Shifter

Register, optionally with shift operation
1 2 \ Shift value can be either be:
k 5 bit unsigned integer
Specified in bottom byte of

L another register.
5 Used for multiplication by
l constant

Immediate value
8 bit number, with a range of 0-
255. Rotated right through
even number of positions

l Allows increased range of 32-bit
constants to be loaded directly

Result into registers
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Clock gating

=
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Software tricks

Operand Operand
1 2 MOV r4, #5

L MOV r2, #9
MUL r3, r2, r4
Shifter

\__/
ALU ADD r3, r2, r2, LSL #2

’

Result
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Asynchronous design

*No clocks — handshaking is done between functional blocks
*AMULET1 performance was about 70% of an ARM6 running at 20MHz
*Power consumption very similar to an ARM6

*Delivered about 80 MIPS/W (compared to 120 MIPS/W of ARM6)
*Power consumption of AMULET2 was 150mW




Requirements of embedded cores Thumb

Thumb is a 16-bit instruction set

: : Optimised for code density from C code (~65% of ARM code size)
Reduced paCkage sizes / pin counts Improved performance from narrow memory

Power management Subset of the functionality of the ARM instruction set
Good de d it Core has additional execution state - Thumb
00d code density Switch between ARM and Thumb using BX instruction

Very fast interrupt handling
Good debug visibility 32-bit ARM Instruction

For most instructions generated by compiler:
Conditional execution is not used
Source and destination registers identical
Only Low registers used
Constants are of limited size

|:| Inline barrel shifter not used

16-bit Thumb Instruction
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Requirements of embedded cores

Reduced package sizes / pin counts
Power management

Good code density

Very fast interrupt handling

Good debug visibility

16 bit RAM

8 bit ROM
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Requirements of embedded cores

Reduced package sizes / pin counts
Power management

Good code density

Very fast interrupt handling

Good debug visibility
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ARM Debug Components

Development board
(Integrator Core Module)
Protocol converter

(Multi-ICE)

SERE SN

port .
Trace port interface unit

(MultiTrace)

Host computer running AXD
debugger (part of ADS suite)
and Multi-ICE Server
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The future?
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