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ARM

ARM

ARM History

@ ARM - Acorn RISC Machine from Acorn Computers Ltd. of
Cambridge,UK.

@ In 1990, ARM Ltd. was established and ARM was
renamed as Advanced RISC Machines.

ARM Ltd.

@ A semiconductor IP - Intellectual Property company.

@ Licenses IP cores to partner companies e.g Nokia, Philips
Semiconductors.

@ Also develop technologies to assist with the designing of
the ARM architecture

@ ARM is not a chip producer.
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ARM

IP - Intellectual Property

IP - Intellectual Property
@ ARM provides hard and soft views to licensees (RTL and
synthesis flows GDSII layout) IP

@ Soft views include gate level netlists (RTL source code)
— synthesizable from licensees using a suitable gate
library

Hard IP are the final GDSII layout given to the customer
@ OEMs must use hard views to protect ARM IP
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ARM Basics

ARM feature (I)

Partly from Berkeley RISC concept

@ A load-store architecture.

@ Fixed-length 32-bit instructions

@ 3-address instruction format

@ Pipelined architecture

@ Conditional execution of all instructions

@ Extensible ISA through hardware Coprocessors

@ The ability to perform a general shift operation and a
general ALU operation in a single instruction that executes
in a single clock cycle
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ARM Basics

ARM Features (ll)

rejected from Berkeley RISC concept

@ Register Window.
@ Delayed branches
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ARM Basics

Modes (I)

7 operating modes

@ user : Unprivileged, normal execution mode
@ FIQ : High priority (fast) interrupt raised

@ IRQ : Low priority Interrupt

@ svc: Software interrupt(SWI) is executed

@ Abort: Handling of memory access violations
@ system : Run privileged task
@ Undefined : Undefined instructions
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ARM Basics

Modes (ll)

Why FIQ and IRQ ?

@ FIQ has a higher priority than IRQ
@ Gives a better mapping of different interrupt sources

@ FIQ has extra bank registers than IRQ
— faster than IRQ
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ARM Basics

Registers

ARM has 37 registers all of which are 32-bits long
@ 1 dedicated program counter
@ 1 dedicated current program status register

@ 5 dedicated saved program status registers
@ 30 general purpose registers
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ARM Basics

Accessible Registers

These registers cannot all be seen at once. The processor
state and operating mode dictate which registers are available
to the programmer.

ri3 (sp)
ri4 (1r)
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ARM Basics

Processor Status Register - CPSR

31 28 27 24 123 16 15 8 7 6 5 4 0
NZcC v|[ | | un de £|/in e d D E‘l [ mode
1 Ll L 1 L.
3 s x e.
= Condition code flags = Interrupt Disable bits.
= N = Negative result from ALU = | =1: Disables the IRQ.
m Z = Zeroresult from ALU = F =1: Disables the FIQ.
m C = ALU operation Carried out
= V= ALU operation oVerflowed = )
= Architecture xT only
o Stk Oveiiow flbie0 m T =0: Processorin ARM state
u Architecture STEAL oniy = T =1:Processor in Thumb state
m Indicates if saturation has occurred
= Mode bits

m  Specify the processor mode

m Architecture 5TEJ only
m J=1: Processor in Jazelle state Taan
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ARM Basics

Data Sizes and Instruction Sets

Data sizes

The ARM is a 32-bit architecture.

When used in relation to the ARM:
@ Byte means 8 bits
@ Halfword means 16 bits (two bytes)
@ Word means 32 bits (four bytes)

Most ARMs implement two instruction sets.
@ 32-bit ARM Instruction Set
@ 16-bit Thumb Instruction Set

Jazelle cores can also execute Java bytecode
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ARM Basics

Memory

@ Neutrality to Endianess.

@ Can be configured at power-up as either little- or
big-endian mode.

@ Default alignment is little-endian due to many little-endian
peripheral component available.
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ARM Basics

Coprocessors

Coprocessor interface
Provide support for hardware coprocessors.

Advantages

@ Extends the instruction set,
e.g On-Chip control of MMU and Cache, floating point
arithmetic
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Thumb

Thumb (1)

@ Thumb is a 16-bit instruction set.

@ Core has additional execution state - Thumb

@ Switch between ARM and Thumb using BX instruction
@ Not a complete ISA

ADDS r2,r2,#1

32-bit ARM Instruction

Difference to ARM Inst.

@ Conditional execution is not used

@ Source and destination registers
identical

@ Thumb bit in CPRS is set
@ Inline barrel shifter not used

ADD 2, #1 ‘

16-bit Thumb Instruction
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Thumb

Thumb (1)

Example: ADD Rd. #constant THUMB code

15

13121110 8 7 0

|001|10| Rd | #imms |

A

AN /

3 2827262524 212019 1615 12N
[1110]o0f1[o100[t]0 Ra|o Ra| 0000  #mms
ADD Rd. Rd. #constant ARM code
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Thumb

Thumb (1l)

16-bit coding of more ARM instruction.

Pros and Cons of Thumb

@ + Excellent code density for minimal system size.
@ - No direct access of Status registers while in Thumb state
@ - No conditional execution, excepting branch instructions

@ - With 32-bit memory, the ARM code is 40% faster than
Thumb code

@ + With 16-bit memory, the Thumb code is 45% faster than
ARM code
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Thumb

Thumb (IV)

Thumb Application

A typical embedded system, e.g. a mobile phone, will include a
small amount of fast 32-bit memory (to store speed-critical DSP
code) and 16-bit off-chip memory to store the control code.
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Jazelle

Jazelle (I)

@ Hardware accelerated java code mechanism.

Instruction Pipeline

Instruction Execution

|
|
| Jazelle
|
|
|

Fetch Execution

Decode
Stage Stage Stage
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Jazelle

Jazelle (Il)

@ Processor fetches one word containing 4-javabytes.
@ J-bit of status register set

Jazelle types

@ Jazelle DBX - Direct Byte eXecution: supports only
javabyte codes

@ Jazalle RCT - Run time CompilaTion: extension of
Thumb-2,supports different VM.
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Jazelle

TrustZone

@ Hardware based security mechanism

@ Complete code separation

TrustZone adds a “parallel world”
to allow trusted programs and data
to be safely separated from the
operating system and applications

Secure
Privileged

Non-secure Secure
domain domain
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NEON & DSP Enhancement

NEON & DSP Enhancement

@ Hardware acceleration for
multimedia applications

@ Combines 64-bit and 128-bit hybrid
SIMD

@ Separate execution i.e complete
instruction architecture.

DSP Extension
Added DSP instructions to ARM ISA
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Summary

Conclusion

@ - Extra logic needed for the hardware extension: e.g
Thumb decompression unit.

@ - Increase die size and cost.
@ + Simple implementation
@ + Very efficient
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IP Cores

ARM?7 Core

@ 32-bit RISC Architecture

@ Von Neumann Architecture

@ 3-Stage Pipeline - Fetch, Decode Execute
@ Most instructions execute in a single cycle.
@ ARMv4 ISA

@ Supports up to 16 coprocessors.
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IP Cores

ARM7 Family h N

MMU
8K Cache

ARM740T ARM7 Cz;dgggo
» Embedded RTOS Core | ETMY ifface

* 60-75 MHz (0.18pum wic) ASE ifface
* 2.5mm2(0.18um) 8K Cache

* 0.65mW/MHz ARMT ARM720T
« Hard Macro IP .
+ 8K 4-way SA cache ASB ifface  Platform OS Core

* 60-75 MHz (0.18um wic)
ARM7YTDMI-S ‘ * 2.93mm2(0.18um)
) ‘B Int » 0.65mW/MHz
RN, | " Dase ‘nieger core » Hard Macro IP

= 100 MHz (0.18um w/c) % .
« ~0.7mm? (0.18pm 8K 4-way SA cache

« Synthesizable (So')ft IP)
*ARM v4T ISA
ARM7TDMI = Thumb Support
ARM7 — - Base Integer core (Hard Macro IP) * Debug Support
' * 60-100 MHz (0.18um wic) . 3_Stage Pipeline

+» 0.53mm?2, 0.25mW/MHz (0.18pm) s
* NEW: low-voltage layout 0.9 MIPS/MHz

Stated operating frequencies represent worst-case speed for a range of processes.




IP Cores

ARM9 Core

Performance of the ARM7 Von Neumann architecture limited by
the available bandwidth - memory accessed on almost every
cycle either to fetch an instruction or to transfer data.

@ Harvard architecture improves CPI - Clock cycles Per
Instruction

@ Higher performance core than ARM7

@ Five-stage pipeline - Fetch, Decode, Execute, Memory,
and Write
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IP Cores

@ ARM9 core + DSP extensions
@ Enhanced multiplier for DSP performance
@ On-Chip debug hardware

@ Single engine for both DSP and control code
@ Simple single memory system.
@ Reduced chip complexity, die size and power consumption

@ Single toolkit support with ARMs Development and Debug
tools, giving faster time-to-market
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IP Cores

Five Families of ARM Processor IP
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ARM preserves SW & HW _—

investment through code . R eimetrs
and process portability
W -Floatin HW
- 64bit 1/0 -6 Stage Plpe
- 2 product offerings
- New: ARM1026EJ-S

- Soft-IP Design
-Java™ In HW

- Hard-IP Design
- 5 Stage Pipe

Airea - Code Density
-4 rnduct offerings

-4 product offerings

Time



IP Cores

Key technology additions Dynar_l;ic T Execution
by architecture generation Lompk Etr (i environments:
Stippor Improved
memory use
VFPv3
NEON™ AN
advanced SIMD Y
Thumb®-2 Thumb-2 Improved media
(option) (mandated) and DSP
TrustZone™ }——P
SIMD :!—
DSP / Low cost MCUs
J‘
VFPv2 f
Jazelle® Thumb-2 Only
\ V5 | V6 |[ viasr ViM
ARMIE ARM11 Cortex A&R Cortex M
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ARM based System
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Microcontroller
CoreMPT
P rocassor
Reset Processor

On-Chip
Memory Advanced High-Performance Bus (AHB)-Lite

[——| Memory
[—~ Contrallar
Off-Chip Advanced Peripheral Bus (APB)
Memary 1 1 i

110 Parts | | Timers | l el |tfﬂ|s:¢'f,dl

=S

Interiace

ActelCoreMP7 and
Subsystem
CoreMP7 o ARM?TDMI'S
JTAG Interface
@ 32/16-bit RISC
architecture

@ ARM and Thumb
instruction sets

Control
Logic

2 [

Bus Interface Unit
AR I @ Embedded real-time
debug and JTAG 290
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Microcontroller

™S oI XTALZ aunVooyive
TRST TCK DO XTALt Vss
| | L] | |
] 11 I
LPC2101/2102/2103
TESTIDE
INTERFA

FO31:0) oD SYSTEM
FO{31:0) «—+| GENERAL 848 SINGTIBE
PURPOSE 110 | |BOCT ROM ARMTTDMI-S
system
clock

[ ARMT local bus

5, AHE
(Advanced High-performance Bus) '

i

8 KB/16 KB/ AHE TQ APS
22 %8 FLASH BRIDGE
APB (ARM
pergheral bus) )

EINT2 1o P .| PCBUSSERIAL

EnToll) | INTERF, 0AND 1
3% CAPOIM
4x (1)

OMPARE

3xcAP2l) o v

2 x ATl CLNTER, SPIAND 557

4 nATI SERIAL INTERFACES
3% maT20)

43 MATZ(T

ADO[T:0] ————|

DSR1. CTS1
RTS1.DTR1
DCo1, Rt

GENERAL E N
PURPOSE 1D [+ RTXC2
t— VBAT

PO31:0] ———|

26/40



ARM based System
[ le]

ARM Products

ARM Powered Products
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ARM Products

ARM926EJ-S ARM7TDMI
ARM1176JZF-S ARM Cortex-M3
ARM11MP Airbag

Auto infotainment

ARM7TDMI Dashboard

ARM Cortex-M3 \\

Door, seat body, misc
ARM7TDMI
ARM Cortex-M3

Engine control
ARM1156T2F-S Antilock braking
ARM7TDMI

ARM Cortex-M3
ARM1156T2F-S
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Summary

Summary

@ ARM Cores are IPs

@ Hybrid instruction encoding offers better efficiency in
embedded applications

@ Backward software compatibility for all new cores
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