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ARM Ltd

= Founded in 1990
= Spun out of Acorn Computers
= Primary product: RISC processor cores

= ARM is an Intellectual Property (IP) company
= We do not fabricate or sell silicon
= We license technology to our partners

= Qur partners design and fabricate products,
which they sell to their customers

= Develops technologies to assist with the
design-in of the ARM architecture

= Software tools, application software
= Development boards, debug hardware
= Bus architectures, peripherals, etc.
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ARM Connected Community — 550+
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Applications

* You're never more
than éff away
from an
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Architecture Versions

ARMv7-Cortex
x1-4
6 Cortex-A9

@ cCortex-As

PCore™

2(F)-S™

@) cortex-RaF

ARMVS &) ARM1026EJ-S™

@) cortex-R4

ARMO968E-S™
- &) ARM926EJ-S™

&) ARM966E-S™

&) ARM946E-S™
@ ARM7EJ-S™ @) sc200™

@ cortex™-m3 @ sczoo”

@ cortex-M1
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Data Sizes and Instruction Sets
= The ARM is a 32-bit Load/Store architecture

= Registers are 32 bit wide
= Qperations carried out on registers
= Memory accessed only with Load and Store operations

= Most ARM’s implement two instruction sets
= 32-bit ARM Instruction Set
= 16-bit Thumb Instruction Set

= Multiple optional extensions are available

= Jazelle - execute Java bytecode in hardware
= NEON - Advanced SIMD engine
= TrustZone - security extensions

1 ®
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ARM vs Thumb vs Thumb-2

= ARM Instruction set N
= High performance

>
. . A
= All instructions are 32 bit I‘._. N
= All instructions can be conditional %g,x

= Thumb | S
= Re-encoded subset of the ARM ISA
= All instructions are 16 bit
= Restricted functionality oy ST,

" Thumb-2 Code Density
= Extension of Thumb
= 16 and 32 bit instructions mixed
= Full functionality available

1% smaller *

Performance

>

= |nstruction sets can be mixed in the same program: Interworking

™ ®
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Intsruction set details

= Conditional execution of ARM instructions

= Barrel shifter in the data path

= Check the appropriate ARM Architecture Reference Manual
(ARM ARM)

http://infocenter.arm.com/

:
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Processor Modes (Classic)

= The ARM has seven basic operating modes:

M . unprivileged mode under which most tasks run

o . entered when a high priority (fast) interrupt is raised

M . entered when a low priority (normal) interrupt is raised

o . entered on reset and when a Software Interrupt
instruction is executed

o . used to handle memory access violations

o . used to handle undefined instructions

0 . privileged mode using the same registers as user mode

. -
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The ARM Register Set

Current Visible Registers

Abort Mode

Banked out Registers

User FIQ IRQ SVvVC Undef

rl3 (sp) rl3 (sp) § r13 (sp) § rl3 (sp)
rld (1lr) rld (1lr) § rl4 (lr) §rld (1lr)
cpsr
eper I T I T
®
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Exception Handling

= When an exception occurs, the ARM:
= Copies CPSR into SPSR_<mode>
= Sets appropriate CPSR bits

= Change to ARM state |
0x1C FIQ

= Change to exception mode 0x18 IRQ
= Disable interrupts (if appropriate) ox14 [ Lo
= Stores the return address in LR_<mode> 0x10 Data Abort
0x0C Prefetch Abort
= Sets PC to vector address ) reAEEeL AR
0x08 Software Interrupt
= To return, exception handler needs to: oxos [ ULEETEIIETETY

= Restore CPSR from SPSR_<mode> 0x00 Reset
= Restore PC from LR _<mode>

This can only be done in ARM state.

J 9 ®
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Cortex-M Programmer’s Model

= ARMv7-M (Cortex-M class processors)

Main

have a different programmer’s model —
rl

r2

= Fully programmable in C .
= Stack-based exception model =
= Only two processor modes -
= Thread Mode for User tasks =

= Handler Mode for OS tasks and exceptions ri1

] rl2

= Vector table contains addresses = Tresss
1r
rl5 (pc)
xPSR

1 ®
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The ARM7TDMI Core (ARMv4)

ABE  A[31:0]

Address
Incrementer

Address Register Incrementer

BIGEND
MCLK
nWAIT

. nRW
Instruction MAS[1 :0]

Decode Stage Decoder

Register Bank PC Update

ISYNC
Instruction niRQ

Decompression nFIQ
nRESET
ABORT
nTRANS

- Read Data MREQ

Register SEQ
Control LOCK

Logic nM[4:0]
Write Data nOPC
32 Bit ALU R nCPI

CPA

CPB
DBE D[31:0]
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The Cortex-M3 processor (ARMv7-M)

: E Memory ! Serial wire ﬁ
M’ DAP B protectionunit | | viewer

Data '@ Flash

Bus Matrix

Code SRAM &
interface Peripheral I/F

; I
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Cortex-M3 Datapath

|_HRDATA R Instruction
Decode
RS D-HWDATA
Address Registar
Incrementer
D_HADDR Read_ DE\F:] D_HRDATA
Address Register

Register

Y

Address
Incrementer

Register Barrel

Shifter

Bank

|_HADDR

Address
Register

Writeback

INTADDR
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Cortex-M3 Pipeline

= Cortex-M3 has 3-stage fetch-decode-execute pipeline
= Similar to ARMY7
= But Cortex-M3 does more in each stage to increase overall

performance
1st Stage - Fetch 2nd Stage - Decode 3rd Stage - Execute
Address Data Phase é
AGU Phase & Load/Store &

Write Back Branch

Eoteh Instruction
Decode & Multiply & Divide Write
(Prefetch) Register Read

Execute stage branch (ALU branch & Load Store Branch)

™ ®
‘ | The Architecture for the Digital World® ARM




The other end: Cortex-A9 (ARMv7-A)

1 1 e s I o

[ ARM CoreSight™ MulticoreDebug and Trace Architecture ]
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rruneoN| |PTH | rpuneon | PIM | |rpuimEON
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I-Cache | [D-Cache| ||-Cache | D-Cache| |I-Cache D-Ca:hel I-Cache D-Cad'ml -

— ] Snoop Control Unit (SCU) —
] “Genenc ) Accelerator B
|| Interrupt Control Coherency -
__ and Distribution | Cache-2-Cache [T SIS SO Port -
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Advanced Bus Interface Unit ]

Primary AMBA 3 64bit Interface Optional 2"°I/F with Address Filtering

— Cortex"-A9 MPCore

—
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Cortex-A9 Pipeline

= 8-stage, Out-of-Order, Multi-issue superscalar
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AMBA

= AMBA is an open standard owned and maintained by ARM

= AMBA 3 contains 4 main interface specifications:
= APB — Advanced Peripheral Bus
= AHB - Advanced High-performance Bus
= AX|I - Advanced eXtensible interface
= ATB - Advanced Trace Bus

= Newest version: AMBA 4 since March 2010

= Some modifications to AXI
= |ntroducing

= AXI Stream

= AXI-Lite

. -
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AXI 3
= Original version of AXI, defined in AMBA 3

= Used by current IP
= AXl is a simple point-to-point link
= 5 independent channels

= Each channel is a set of signals going in the same direction

AR
A Paw | 2
Master AW Slave
|nt.erface |nterface

’ !
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AXl channels

= The 5 channels are

= AR: Read Address channel

= R: Read Data channel

= AW: Write Address channel

= \W: Write Data channel

= B: Write Response channel

= Address channels carry control information and 32 bit
addresses

= Data channels carry powers of 2 wide data (between 8-1024)
together with some control signals

= Fach channel contains

= |D signals
= VALID and READY handshake signals

i !
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AXI| handshake

= The source generates the VALID signal to indicate when the information
Is available

= The destination generates the READY signal to indicate that it accepts
the information

= Transfer occurs only when both the VALID and READY signals are
HIGH. ' |

ACLK |_ | | =
INFORMATION | — y
VALID I/ |\
READY i |\
ACLK |_ ) 5 ; L

INFORMATION | }( X

—) :X , : : :
VALID% [ H /] E{,

READY Y/ A

| | f
| “ ®
. L ecsopawes ARM




AXl transactions

= Parts of a transaction are identified by the transaction ID
= Read transaction

= Master sends Read Address on AR channel

= Slave sends Read Data and Response on R channel
= Write transaction

= Master sends Write Address on AW channel

= Master sends Write Data on W channel

= Slave sends Write Response on B channel
= Transactions can have different (among others)

= Burst length (1-16 beat)

= Bursttype (FIXED, INCR, WRAP)

= Protection properties
= AXI supports

= Multiple outstanding transactions
= Qut of order transaction completition

| “ . ®
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AXIl based interconnects

= AXI is a point-to-point link

= |n practice, we build cross bar switches (or matrices) to route
transactions between multiple masters and slaves

= Routing is done based on

- TransaCtion Master 1 Master 2
Address MI MI
1D I I
2%3 matrix
Mi Mi Mi
Sl Sl Sl
Slave 1 Slave 2 Slave 3

.
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Example ARM based system

Interconnect

Cortex A9 + PL310 CLCD DMA Mali-200
MO Ml 1 | Mi | | Mi |
'
; |
[ 1
- 1
| Sl |
AHbB_I:-'jU AXI Async bridge
ridge
| Mi |
| Mi |

4x5 matrix

Si
AXl to AHB
Mi bridge
2x1 matrix I v
[
[]
I 2
| Sl | meees AHB
Peripheral
DMC SMC subsystem — A
P11 Register slice
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N Cortex-A9 AXl to
APB |p—
| | | Mali-200 bridge
L
> .---------l----------- TTTTT T CLCD DA
/) :
]
]
-c : AHE to AXI Asyne bridge
] bridge
O :
L]
n :
m : 4x5 matrix
]
QO :
: I Async bridge
. AX] fo AHB
E = raaas 231 matrix bridge
. H
v T -
L] [ ]
] ]
< ' [
L] [ ]
: DMC SMC reed AHB1OAPB
] " bridge
: :
P~ ' i i .
. "
Q. : :
‘l--ll----------------a-.-'--.-------!
S '
[]
L
4] s
. S : A4
x | GPIO | | UART | $ | AHB peripheral AHB peripheral
m : i i eese AHB
AHB to APB
bridge pessdbosssesssbeossogeenesesl 000 e APB

| Tmer || APB peripheral | AHB peripheral




A real SoC: Tl OMAP3530

= 720 MHz
Cortex-A8

= $32

= Nokia N
Series:
OMAP2

OMAP Applications Processor CVBS
or
LCD Panel S-Video Camera
MPU .* (Parallel)
IVA 2.2 Subsystem
TMS320DM64x+ DSP Subeystem T Amp I 3
Imaging Video and ARM Cortex-
Audio Processor A8™ Core Parallel LL Calg'u;ra HS USB
32K/32K L1% 16K/16K L1% + * | Host
48K L1D RAM cmﬂﬁe (with
64K L2% Dual Qutput 3-Layer uUse
32K L2 RAM POS‘-‘\(;I?(RMVR 32 Display Processor H:I:lrdware TTL)
16K L2 ROM Connp Channel I 1 (1xGraphics, 2xVideo) | | om29¢ HS
Video Hardware raphics System Temporal Dithering Ipefine UsB
Accelerators L2% L DMA SDTV - QCIF Support and oTG
256K (3530 only) PP Preview
64 32 t 64 64 32 32 [az2f 3z 32 164 132
Async Async
64 32 i 64 4. 64
L3 Interconnect Network-Hierarchial, Performance, and Power Driven
32 32 T 64 32 32 32
vy r L 3
64K 112K SMS: L4 Interconnect
On-Chip On-Chip SDRAM GPMC:
RAM ROM Memory General
2KB 80KB Scheduler/ | | Purpose . System
- . Peripherals:
Public/ Secure/ Rotation Memory ; Controls
62KB 39KB Controlier IxUART, g:thE]géﬁpeed 12C, PRCM
T™
Secure BOOT NAND/ (2x with Sidetone/Audio Buffer) 2xSmartReflex
SDRC: NOR 4xMcSPI. 6xGPIO Control
SDRAM gg‘;';n 3xHigh-Speed MMC/SDIO, Module
Memory HDQ/1 Wire,
Controller 2xMailboxes
12xGPTimers, 2xWDT, External
32K Sync Timer +>| Peripherals
Interfaces
' Emulation
External and -~ Debug: SDTI, ETM, JTAG,
Stacked Memories Coresight™ DAP




Back to the low end

= Stellaris® LM3S600 sraciewn K——
: S
Microcontroller CorteriM3 | DCodehus” | Eissh

Sy stem

Contr(cn:lléacnkd ICode bus
= 50 MHz Cortex-M3 :
@SystemBus
| $2 LM3S600 Bus Matri [ SRAM
oK

SY¥STEM PERIFHERALS

Generak Watchdog
Purpose <:> Tirmer
Timers (3 (1)

K GFIDs
(8-36)

SERIAL PERIFHERALS

LUARTS
€2)

PO C—
(1) :

(e— 4
(1

Advanced Peripheral Bus (APB)

AMALOG PERIFHERALS

Analog
K Comparators
3)
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Putting it all together:

Nokia N95

b TEXAS OMAP™ 2420

INSTRUMENTS Applications Processor

) ARM1136™ processor-based
S%m EI?SZ"IL?&"?—"“‘" SoC, developed using Magma ®

Blast® family and winner of
MAGMA 2005 INSIGHT Award for ‘Most
symbian

Innovative SoC’

Symbian OS™ v9.2
Operating System supporting
ARM processor-based mobile

devices, developed using

ARM® RealView® Compilation

ools
560 ™ % %dition
S60 Platform supporting ARM
processor-based mobile devices

S60°

Mobiclip™ Video Codec
Software video codec for ARM
processor-based mobile devices

ST WLAN Solution
Ultra-low power 802.11b/g WLAN

@v IMAGINE
chip with ARM9™ processor-based

b1 =5

Connect. Collaborate. Create.

s Ilenu

]EI'E*J

Contacts Messaging Maps

ﬁﬂ“@

Music Gallery

Video Center

“1 o

S

Search Wieh Discaver N-.,

ﬁﬂﬁu?r

Aspplications  Download!

Optmns Exit

=025
NOKIA

CONNECTING PEOPLE
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Conclusions ~
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If you want to play ©
= Getting Started and Rapid Prototyping with ARM MCUs

= Complete Targeted Hardware, Software and Web 2.0 Platform

8066 mbd

() ([0 nweps/ /abed. orgl compiier

2

@ Take the Tour
it et
@ Getting Started

[ —

@ Get an mbed!
Vo rtr war o
Jr———————

Dedicated Developer Lightweight Online Compiler

Web Platform

mbed

v Pr [ ]
= p://mbed.org
[l sluetoothsigTrak
[2) main.con
[) Motor.cpp
[ Motor.h
(53 mbed TMaster, us e devices
B Andlogin defauit format dlock frequ
) Analogout
. SPI devices eset si
uuuuuu
Example
DDDDD .
‘‘‘‘‘‘‘‘ // Send a byte to a SPI slave, and red
wwwwwwwww
2c #include "mbed.h" . 4
api roto in
B Prmout SPI device(s, 6, 7); // mosi, miso, sqof
E °
B P13 int main() {
0L v sen ot or Microcontrollers

High-level Peripheral APIs Cortex-M3 MCU in a
Prototyping Form-Factor
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