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: i architecture fMEON
Thumbhb :  Saturated arithmetic _ :
instruction set P DSP multiph- Linaligned data support

1 accumulate

TR {Real-time)

Hardware divide

instructions

Extensions:

Extensions: : :
Jazelle (5TED EThumh-E (bT2) TM (Microcontroller)

: Trustfone (BZ) Thurmb-2 ORLY

FARS IGHT



The Architecture Challenge

= ARMZZ# 72 B RK
T 2004 4F EFARMVAT & ARMVSTZ2 44
B A #Z%(ARM7™, ARM9™, ARM10™ 71

XScale™ £hEEZE5A%) M 25 = > 120075
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f

ARMV6ZE #41 BY [N #% 11 8% SR 8% %5 A4

2 FH(ARM11™ processor family)

New demands and usage  diversity
continue

ARMV7: Satisfying diverse markets
while maintaining consistency is key:
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' Meeting the challenge with profiles (1/2)

VW he Application profile (ARMV7A)
2 NBEEBIEEIT K (MMU)
o A IKIIFE_ ERBE e e4aE
Ul nfluenced by multi-tasking OS system requirements
@ TrustZone and Jazelle-RCT for a safe, extensible system
@ e.g. Cortex-A8

v The Real-time profile (ARMV7R)
@ Protected memory (MPU)
@ Low latency and predictability ‘real-time’ needs
@ Evolutionary path for traditional embedded business
@ e.g. Cortex-R4
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' Meeting the challenge with profiles(2/2)

\ 4 v The Microcontroller profile (ARMv/7M)
@ Lowest gate count entry point
@ Deterministic behavior a key priority

@ Deeply embedded — strong synergies with
ARMV7R

Peg. Cortex-M3
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ARM Cortex-M3 Processor Macrocdll

Maskable Debug and Sleep 3-Stage Pipeline, Harvard Architecture,
‘nterrupt Control Thumb-2 ISA (or Thumb) 30K* Gates

DD\\EIEIDEID&IF‘IDD

. Optional
1-240 Configurable E\ Configurable E [ p
Interrupts ! nested VIC # ARMas H =il :l
Configurable Priority/I; ARM core
Levels [ —t— |
E Memory Serial Wire j
SWD or JTAG Eﬁ DAP protection unit Viewer —j
t t Flash Patch &
[ B Breakpoints
Data Flash
E watnhpuintsl.\imr&h\ :l
C $ 3 u
|: Bus Matrix ‘ :]\ Data Watchpoints
Flash SRAM & Trace
E interface peripheral IfF ]

TD'ITD‘D‘D‘D’D‘DI:‘D*

ol : o : Cortex M3 Total
Preliminary gate counts & power consumption based on initial implementation 60k* Gates
Gate Counts are based on TSMC 0.18 at 50MHz 9

Optional ETM & MPU gate counts not included FARS IGHT



' ARM Cortex-M3 32-bit 715 22

v

v AFThumb-2 ey 2838 28 N (RA T EE Thumb F&2&EE)
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@ Breakpoints, Watchpoints, Flash Patch support,
Instruction Trace
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' ARM Cortex-M3 #

o
St

v

8 ARM V7M#: otk R 549
8 Thumb-2#54th R4
S ERFFBRH 2R & A AT SE
Ul sg3m 3 poak
Q S EEEYT HR A uY S -B o i a 22 (NVIC)
Ul 3243 v Wr /8 AT S 2% (hiA4)
Ul ATJC B 11— 2444 W BE A
Ul A5 0k 21256 ML 46 2 — il ik g AR A e
8 Integrated Bus Matrix
LI Bus Arbiter
Ul Bit Banding — Atomic Bit Manipulation
U Write Buffer
U Memory (1&D) plus System Interface & Private Peripheral Bus
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v Cortex-M 34 /& & SR
vCortex-M 3R ERER
v Thumb-2#5<3%

v Cortex-M 3#: g i%it
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Dynamic

v Compiler

Support

VFPVv3 Cortex-M3

NEON™ | |

4_._ /\?I: £ Adv SIMD
5,;\ ﬁﬁ;? nﬁ‘ Thumb®-2 #bu“ Thumb-2 Only
b 1 0BT KR
TrustZone™ |+‘
SIMD ﬁ‘
VFPv2 ﬁb
Jazelle® |+-
Thumb ||h
VAT V5 V6 V7 A&R V7 M
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' The Thumb-2 Instruction set

vvariabl e-length instructions
@ ARM instructions are a fixed length of 32

bits
@ Thumb instructions are a fixed length of
16 bits R
@ Thumb-2 instructions can be either 16-bit B Thumb
or 32-bit Thumb-2 code size 26%

smaller than ARM

v Code size benefits

@ Thumb-2 gives approximately 26%
Improvement in code density over ARM

v Performance benefits

@ Thumb-2 gives approximately 25% [] ARM
. i [ Thumb-2
Improvement in performance over Thumb L] Thumb

v The Cortex-M 3 implements ONLY the

. . Thumb-2 Performance 25%
Thumb-2 instruction set faster than Thumb
% L
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v Data processing I nstructions

v Branch and Control Flow I nstructions
v Memory Access | nstructions

v Exception Generating I nstructions

v Accessing Special Registers

v Coprocessor Instructions

v Memory Barriersand Synchronization
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v Cortex-M 34 /& & SR
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v VG TETT —3RFTIR I, FRE
@ Memory map
@ Interrupt
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Cortex-M3 Memory Ma

h
xternal Private Peripheral Bus

FFFF_FFFF
E004_2000

E004_1000 E000_0000
E004_0000
A000_0000
E000_1000
E000_0000 6000_0000
Internal Private Peripheral Bus
4000_0000
2000_0000
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' Cortex-M3 Fixed Memory Map

v
v All peripheral registers are memory-mapped

@ Includes Interrupt registers and debug registers

v Fixed region for internal instruction store
@Upto512 MB
@ Normally thisis FHlash Memory
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v Cortex-M3 Interrupts

\M)ne Non-Maskable Interrupt (INTNMI) supported
v 1-240 prioritizable, maskable interrupts supported

@ Implementation option selects number of interrupts supported
v Interrupt Controller (NVIC) istightly coupled with processor core
v Interrupt inputs are active HIGH

INTNMI
ﬁ-
ﬁ-
1-240 Interrupts —>
INTISR[239:0] :
ﬁ-
Cortex-M3
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v Exceptions/interrupts processed in Handler

mode
@ Supervisor privilege

v Interruptible LDM/STM for low interrupt
latency

@ Continued on return from interrupt

v Automatic save and restore of processor
state
@ {PC, xPSR, R0O-R3, R12, R14}
@ Provides low latency interrupt/exception entry and exit
@ Allows handler to be written entirely in ‘C’
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v

NVIC

v NVIC gives low latency interrupt processing

v/ Option to synthesize between 1 & 240 interrupt
channels

v Interrupt entry address passed directly to core
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http://www.ucos-II.com
http://www.micrium.com)
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