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MCU training module

Category : Platform

Platform : Stellaris
Module : ARM Cortex M3/M4 cores
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ARM Cortex M3/M4 Cores
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Cortex M overview
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ARM CortexM3
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Cortex M core: ARM series

" ARM Cortex provides a range of solutions
= Different series aligning technology around specificapplications
= 3 series implementing the Thumb-2 instruction set:

v" ARM Cortex-A Series
" Applications processors for complex OS and user applications.
® Supports the ARM, Thumb and Thumb-2 instruction sets

v" ARM Cortex-R Series
" Embedded processors for real-time systems.
® Supports the ARM, Thumb, and Thumb-2 instruction sets

v" ARM Cortex-M Series
" Deeply embedded processors
= optimized for cost sensitive applications.
® Supports the Thumb-2 instruction set only

| |
Note:
ARM Code 32-bit o ex

Thumb Code 16-bit
Thumb-2 Code mostly 16-bit & some 32-bit (25% Faster, 26% Smaller) Intelligent Processors by ARM"®
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Spanning the application range

" Forget traditional 8/16/32-bit classifications

v Seamless architecture across all applications

v Every product optimised for ultra low power systems

Cortex-MO Cortex-M3 Cortex-M4
“8/16-bit” applications “16/32-bit” applications “32-bit/DSC” applications
Lowest cost Performance efficiency MCU plus DSP
Optimised connectivity Feature rich connectivity Accelerated SIMD, FP & DSP
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Cortex M3 Overview
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Cortex-M3 Processor - Technical Excellence

Optimal performance, high efficiency processor core

1.25 DMIPS/MHz

Rich, unified Thumb-2 high performance instruction set

— Smallest code size and reduced memory requirements

Low latency, integrated Nested Vectored
Interrupt Controller (NVIC)

Sophisticated debug and trace support
Memory Protection Unit (MPU)
Embedded Trace Macrocell (ETM)
Advanced power management features
and capabilities

Fault Robust Interface

Integrated bus matrix for increased perfo
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Cortex-M3 Processor Feature Summary
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Cortex M3 Core
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PipelineOverview

® Harvard architecture

v' Separate Instruction & Data buses enable parallel fetch & store

" Advanced 3-Stage Pipeline
v Includes Branch Forwarding & Speculation

= Additional Write-Back via Bus Matrix

1st Stage - Fetch 2"d Stage - Decode 3'd Stage - Execute

Address
Phase & Write
Back

Instruction
Decode &
Register Read

Multiply & Divide

Data Phase
Load/Store &
Branch

Branch forwarding & speculation

Execute stage branch (ALU branch & Load Store Branch)

INSTRUMENTS




Thumb-2 Technology

" Thumb-2 ISA was introduced in ARMv7 architecture

v" Original16-bit Thumb instructions maintain full compatibility with existing code

v" New 16-bit Thumb instructions for improved program flow

+

+

v" New 32-bit Thumb instructions for improved performance and code size.

One 32-bit instruction replaces multiple 16-bit opcodes.

32-bit instructions are handled in the same mode ~ no interworking required

Instruction flow

ARM 32-bit 32-bit 32-bit 32-bit 32-bit
ARM core
Thumb 16-bit 16-bit 16-bit 16-bit 16-bit 16-bit
Thumb
decoder
Thumb-2 32-bit 32-bit 16-bit 16-bit 16-bit 32-bit 16-bit
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Advanced Instruction Capability

" Thumb-2 Instructions Only
v' Thumb-2 is a complete superset of Thumb
v No ARM mode as code density paramount

= Single Cycle Multiply
v' Significantly improves performance in intensive math functions

*UMULL, SMULL,UMLAL, and SMLAL are interruptible and can also complete early depending on source values

= Hardware Division
v" Critical for sensor scaling applications
v" New Thumb-2 instructions UDIV & SDIV (Unsigned or Signed divide)
v" Instruction takes between 2 & 12 cycles depending on dividend and devisor
v Closer the dividend and division the faster the instruction completes
v" Instruction is interruptible (abandoned/restarted)

13 TEXAS
INSTRUMENTS




Cortex M3 core: Benefits

= Capabilities beyond ARMY7 for the MCU market:

v"No Assembly Required!
v’ Cortex-M3 requires approximately ¥z the flash of ARM7 implementations

v’ 2-4 times faster on MCU control applications

" Raw interrupt performance: 85% faster
" PID (process control) main loop: 217% faster
" Multiply-intensive code: 294% faster
" Divide-intensive code: 726% faster
ARM Cortex-I3
Architecture ARMAT (von Meumann ARMT-M (Harvard)
ISA Support Thumb / ARM Thumb / Thumb-2
Fipeline 3-stage 3-stage + branch speculation
Interrupts FIG /IR M +1 to 240 physical interrupts
Interrupt Latency 24 - 42 cycles 12 cycles
Inter-Interrupt Latency 24 cycles 6 cycles
Sleep Modes Mone Integrated
Memory Protection Mone a region MPL
Dhrystone cedll P2 ] 1.25 DMIPSMHZ

0.74 DMIPS/MHZ (Thumb)
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Cortex M3 modules
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Cortex M3 core: architecture

Harvard architecture
.. Interrupts
Privileged access ARM Serial
leep CM3 Core Wire
and user access Debug : Cortex-M3 Output
Little-endian format e e Thace
| Memory | T;if_te {51.:"::'[3]
Protecti
...JI munci'tlm:" nterfaue_h
L Unit
f
T F Y
L
ROM
T mabie
Frivate Peripheral \ Ay, Perioheral
Bus v. Periphera
{internal) - _I-> Bus
l-code bus
Bus
Matrix C-cods bus
Serial Wire JTAG > Systembus
Cebug Port /
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Memory Map

" Very simple linear 4GB memory map
" Fixed map required to host system components and simplify implementation
" The Bus Matrix partitions memory access via the AHB and PPB buses

~N

FFFFFFFF

p—— r| Vendor Specific |

: E0100000
APB External PPB | e .
] E0040000
M3 | Instruction 4 SCS+NvIC |
Coe D E0000000
ata
External Device 1GB

Bus Matrix |INTERNAL PPB

_with  [SYSTEM AHB N 000009
|::Debug P Bit-Bander

Aligner ICODE AHB External RAM 1GB

and Patch L—DCODE AHB = 60000000
. Peripheral .GB
40000000
1
exies M /2GB
20000000
EX = Code execution support —
1
HX = High performance code execution support HXCOde ROM/RAM 00/530800
BB = Bit banding support
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CortexM3 interrupts: Tail Chaining

Highest 4
IRQ1
IRQ2
ARM7TDMI
Interrupt Handling | Push ISR 1 Pop Push ISR 2 Pop
i< > = > < > —
26 Cycles 16 Cycles 26 Cycles 16 Cycles
: : 65% Savi
Cortel’; M‘zl!me”“pt Push ISR 1 [] ISR 2 Pop | <= ng <
andling : Cycle Overhead
: > >
12 Cycles 6 Cycles 12 Cycles

Tail-Chaining

ARM7TDMI Cortex-M3
= 26 cycles from IRQ1 to ISR1 = 12 cycles from IRQ1 to ISR1
(up to 42 cycles if in LSM) (Interruptible/Continual LSM)
= 42 cycles from ISR1 exit to ISR2 entry » 6 cycles from ISR1 exit to ISR2 entry
= 16 cycles to return from ISR2 = 12 cycles to return from ISR2
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Interrupt Response - Example

Highest o

NMI

IRQ1

IRQ2 —‘

IRQ3

Push| |Pgsh NMI ISR 1 ISR 2 ISR 3 Pop
' ISR 2 " =push for ISR1 begins ! ®"Following NMI processor tail-chains into ISR1
Start "Pre-empted by NMI "|SR2 Completed
®"New instruction fetch in "Pop only occurs on return to “Main”

parallel minimises time to NMI
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CortexM3 Interrupts: tasks&priorities

— — O Motor control ISRs (e.g. PWM, ADC)

Main application (foreground)
— 1

®  Main application runs as foreground (base level)
v Easy to write since no “factoring” — just normal application or RTOS based
v' Can use PLC style state-machine poll loop safely: ISRs keep data available

®  |SRs for Motor control are highest priority(ies)
v' PWM, ADCs, Timer(s), Fault (may be highest), Temp sensor, etc

®  |SRs for communications below that
v' Ethernet, CAN, and/or serial

®" May use other priorities as needed

v Very fast interrupt response time, true nested interrupts, priority masking, easy ISR setup all contribute to
making an easy solution

v Application uses priority masking vs. interrupt-disable if needs critical region
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CortexM3 System Timer (SysTick)

— 24-bit clear-on-write, decrementing, wrap-on-zero
counter

Could be set as:

" RTOS tick timer which fires at a programmable rate and
Invokes a SysTick routine

" High-speed alarm timer using the system clock
" A variable rate alarm or signal timer

" A simple counter used to measure time to completion
and time used

" An internal clock source control based on
missing/meeting durations. The COUNTFLAG bit-field
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CortexM3 Memory Protection Unit
— Silicon vendor option

Benefits

" Enforce privilege rules

= Separate processes

" Enforce access rules.

Features

" 8 Protection regions (no access, R/W, Read only) from 32B to 4GB
range

" Access permissions (privileged/user)
" Qverlapping protection regions with region priority

" MPU mismatches and permission violations invoke MemManage
fault handler

13 TEXAS
INSTRUMENTS




Cortex-M3 Debug & Trace Technology

" Configurable debug and trace functionality
v' Supports standard JTAG or Serial Wire Debug or both

" Serial Wire Debug (SWD) mode
v" Two wire interface

v’ Offers extra functionality and speed over JTAG with less I/O

= Serial Wire Viewer (SWV)
v" One shared pin (e.g. TDO)
v' Sub-set of real-time data trace
without extra trace hardware, pins
or silicon overhead

" Exposure of interrupt related
information in the NVIC

" Interrupts can be taken in debug
" Profiling support

" Flash patch breakpoints

" ETM — Silicon vendor option

CORTEX-M3 MICROCONTROLLER

Run Control

>

Breakpoint Unit

>

CORTEX-M3

Embedded
Trace Macrocell

(optional)

CM3 Core

A

Data Watchpoint
Unit

Serial-Wire
Debug
Interface

¥

Instrumentation
Trace Macrocell

Trace-Port
Interface-Unit

Serial-Wire-Viewer

!

JTAG Connector
with Serial-Wire-Debug
and Serial-Wire-Viewer

High-Bandwidth
Trace Connector

Note: Stellaris implements the possibility to disable the debug permanently
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ETM/SWV differences

Serial Wire Viewer
Real-time data trace information from various sources within the Cortex-M3 device.
Output via the single SWO pin

Information is available from the ITM (Instrumentation Trace Macrocell) and DWT
(Data Watchpoint and Trace) units, providing:

v' PC (Program Counter) sampling

v' Event counters that show CPU cycle statistics

v' Exception and Interrupt execution with timing statistics

v’ Trace data - data reads and writes used for timing analysis
v ITM trace information used for simple printf-style debugging

SWYV Data trace is available via the SWO pin in two output formats:
v UART style (1Mb/s)
v' Manchester Encoded (100Mb/s)

ETM

high bandwidth Instruction Trace via 4 dedicated trace pins accessible on the 20-pin
Cortex debug connector

Enhanced trace capability records instruction by instruction program execution which
can be used for:

v Debugging historical sequences leading up to events of interest
v’ Software profiling and algorithm optimization
v' Code coverage analysis
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Cortex M3 Serial Wire Viewer (SWV) support

Red Probe
@code_red“

Keil ULINK Family
>1KEIL

IAR J-Trace
EIAR

SYSIEMS
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Cortex M4
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Cortex-M4 extends MCU market range

" Cortex-M4 expands opportunities up and to the right
v' Leverages all existing Cortex-M technology, capabilities, benefits
v Adds differentiating signal processing technology, floating point

DSP

Harvard architecture
Single Cycle MAC
Floating Point
Barrel shifter

MCU

Ease of use
C Programming
Interrupt handling
Ultra low power

Cortex-M4
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Cortex-M4 micro-architecure

ARMv7ME Architecture
v' Thumb-2 Technology

v' DSP and SIMD extensions

v Single cycle MAC (Up to 32 x 32 + 64 -> 64)
v Optional single precision FPU

v Integrated configurable NVIC

v' Compatible with Cortex-M3

Microarchitecture

v’ 3-stage pipeline with branch speculation
v' 3x AHB-Lite Bus Interfaces

Configurable for ultra low power

55 N 55 5 5 5 I I

BN BN (N BN P e

[
P : z : ing |
wic i |Nvic ARM. | prioatng ;
“““““ Cortex-M4 CPU,
DSP
Memory
protection unit |
________ Debug and Trace
« TR e e
ZI ___________________________
é Bus Matrix
=
5 Code SRAM &
®) Interface peripheral I/F

BN B B OB B OB B BN B

v Deep Sleep Mode, Wakeup Interrupt Controller

v" Power down features for Floating Point Unit

B BN OB OB B B B B B BB
Dotted boxes denote optional blocks

Flexible configurations for wider applicability
v Configurable Interrupt Controller (1-240 Interrupts and Priorities)

v' Optional Memory Protection Unit
v' Optional Debug & Trace
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Cortex-M4 signal Processing for MCU

" Extending the ARM application envelope of ARM based MCUs

v’ Closing the gap between MCU and DSP - digital signal controller
= Excellent blend of control and signal processing
® Motor control, industrial automation, audio

v’ Backward compatible with the Cortex-M3
® Retains major microcontroller benefits

= Compatible programmer’s model and exception handling
= Excellent migration path for large user base

" Delivering advanced signal processing we o {
m iWIC: ARMa {Point Unit,
v' Advanced ARMv6 DSP SIMD instructions = lame) o
v Optional IEEE754 Single-Precision Floating | e |
Point unit | i osimi 0
B Dek}‘s,é?ﬂ:ﬁce S |
o o e S
- Bus Matri \
?) Code SRAM & ,
s peripheral I/F ]
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Cortex-M4 signal Processing for MCU

Harvard architecture Single cycle 16, 32-bit MAC

e YWide range of MAC instructions
e Choice of 32 or 64 hit accurmulate
e Instructions execute in a single cycle

d2-hit AHB-Lite interface for instruction fetches
J2-hit AHB-Lite interface for data and debug accesses

Single cycle SIMD arithmetic single cycle dual 16-bit MAC

4 parallel 3-bit adds ar subtracts
2 parallel 16-bit adds or subtracts
Instructions execute in a single cycle

2 parallel 16 bit MAC operations
Choice of 32 or 64 hit accumulate
Instructions execute in a single cycle

Floating point unit Others

|IEEE 754 standard compliant
Single precision floating point unit
Fused MAC for higher precision

» Saturating math
Barrel shifters
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Cortex-M4 extended single cycle MAC

OPERATION INSTRUCTIONS
16 x 16 = 32 SMULBB, SMULBT, SMULTB, SMULTT
16 x 16 + 32 = 32 SMLABB, SMLABT, SMLATB, SMLATT
16 X 16 + 64 = 64 SMLALBB, SMLALBT, SMLALTB, SMLALTT
16 x 32 = 32 SMULWB, SMULWT
(16 x 32) + 32 = 32 SMLAWB, SMLAWT
(16 x 16) * (16 x 16) = 32 SMUAD, SMUADX, SMUSD, SMUSDX
(16 x 16) = (16 x 16) + 32 = 32  SMLAD, SMLADX, SMLSD, SMLSDX
(16 x 16) = (16 x 16) + 64 = 64  SMLALD, SMLALDX, SMLSLD, SMLSLDX
32 x 32 = 32 MUL
32 + (32 x 32) = 32 MLA, MLS
32 x 32 = 64 SMULL, UMULL
(32 x 32) + 64 = 64 SMLAL, UMLAL
(32 x 32) + 32 + 32 = 64 UMAAL
32 + (32 x 32) = 32 (upper) SMMLA, SMMLAR, SMMLS, SMMLSR

(32 x 32) = 32 (u

pper)

SMMUL, SMMULR

All the above operations are single cycle on the Cortex-M4 processor
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Single precision floating point

" |EEE 754 standard compliant
" Decoupled floating point pipeline

" Single-precision floating point math

v' Add, subtract, multiply, divide, MAC and square root
v Fused MAC - higher precision

OPERATION CYCLE COUNT
Add/Subtract 1
Divide 14
Multiply 1
Multiply Accumulate (MAC) 3
Fused MAC 3
Square Root 14

13 TEXAS
INSTRUMENTS




Cortex-M Series Binary Compatibility

= [ aasx [ asus
QSUB16 QsuBs SADD16 SADDS SASX SHADD16 SHADDS SHASX
SHSAX SHSUB16 SHSUBS SMLABB SMLABT SMLATB SMLAD SMLALBB

SMLALBT SMLALTB
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SR
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GEED GETED GETTED GETTED GRS GETEED GEITED | GRS GEIEEHD

GRS GETID GECTED G CORTEX-M3
Cortex-M4
( VABS i VADD ) ( VCMP DEE D) ¢ VCVT JC vevir  Ji( VDIV J VLDM Je( VLDR ]
(. VMLA i VMLS ) vmov )( VMRS )(  VMSR D @ VMUL ) (  VNEG )(C vNmMLA ) VNMLS )
{ VNMUL i VPOP W VPUSH J{' VSQRT B[ VSTM D 'd VSTR i VSUB ) Cortex-M4F
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Cortex-M4 DSP instructions compared

Cycle counts

CLASS INSTRUCTION ARM9E-S  CORTEX-M3 Cortex-M4
Arithmetic ALU operation (not PC) 1-2 1 1
ALU operation to PC 3-14 3 3
CLZ 1 1 1
QADD, QDADD, QSUB, QDSUB 1-2 n/a 1
QADD8, QADD16, QSUB8, QSUB16 n/a n/a 1
QDADD, QDSUB n/a n/a 1
QASX, QSAX, SASX, SSAX n/a n/a 1
SHASX, SHSAX, UHASX, UHSAX n/a n/a 1
SADD8, SADD16, SSUB8, SSUB16 n/a n/a 1
SHADD8, SHADD16, SHSUB8, SHSUB16 n/a n/a 1
UQADDS, UQADD16, UQSUB8, UQSUB16 n/a n/a 1
UHADD8, UHADD16, UHSUB8, UHSUB16 n/a n/a 1
UADD8, UADD16, USUB8, USUB16 n/a n/a 1
UQASX, UQSAX, USAX, UASX n/a n/a 1
UXTAB, UXTAB16, UXTAH n/a n/a 1
USAD8, USADAS8 n/a n/a 1
Multiplication MUL, MLA 2 -3 1-2 1 B
MULS, MLAS 4 1-2 1
SMULL, UMULL, SMLAL, UMLAL 3 -4 5 -7 1
SMULBB, SMULBT, SMULTB, SMULTT 1-2 n/a 1
SMLABB, SMLBT, SMLATB, SMLATT 1-2 n/a 1 S I
SMULWB, SMULWT, SMLAWB, SMLAWT 1-2 n/a 1 Ing €
SMLALBB, SMLALBT, SMLALTB, SMLALTT 2 -3 n/a 1 CyCIe
SMLAD, SMLADX, SMLALD, SMLALDX n/a n/a 1 MAC
SMLSD, SMLSDX n/a n/a 1
SMLSLD, SMLSLD n/a n/a 1
SMMLA, SMMLAR, SMMLS, SMMLSR n/a n/a 1
SMMUL, SMMULR n/a n/a 1
SMUAD, SMUADX, SMUSD, SMUSDX n/a n/a 1
UMAAL n/a n/a 1 —
Division SDIV, UDIV n/a 2 - 12 2 - 12
i3 Texas
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Cortex-M4 non-DSP instructions

Cycle counts

CLASS INSTRUCTION ARMO9E-S CORTEX-M3 Cortex-M4

Load/Store Load single byte to R@O-R14 1-3 1-3 1-3
Load single halfword to RO-R14 1-3 1-3 1-3
Load single word to RO-R14 1-3 1-3 1-3
Load to PC 5 5 5
Load double-word 2 -3 3 3
Store single word 1-2 1-2 1-2
Store double word 2 3 3
Load-multiple registers (not PC) N - N+1 N+1 N+1
Load-multiple registers plus PC N+4 N+5 N+5
Store-multiple registers 2 -N N+1 N+1
Load/store exclusive n/a 2 2
SWP 2 -3 n/a n/a

Branch B, BL, BX, BLX 3 2 -3 2 -3
CBZ, CBNZ n/a 3 3
TBB, TBH n/a 5 5
IT n/a 0 -1 0 -1

Special MRS 2 1 1
MSR 1-3 1 1
CPS n/a 1 1

Manipulation BFI, BFC n/a 1 1
RBIT, REV, REV16, REVSH n/a 1 1
SBFX, UBFX n/a 1 1
UXTH, UXTB, SXTH, SXTB n/a 1 1
SSAT, USAT n/a 1 1
SEL n/a n/a 1
SXTAB, SXTAB16, SXTAH n/a n/a 1
UXTB16, SXTB16 n/a n/a 1
SSAT16, USAT16 n/a n/a 1
PKHTB, PKHBT n/a n/a 1
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Cortex-M feature set comparison

| ARM7TDMI Cortex-MO | Cortex-M3 | Cortex-M4

Architecture Version v7ME
Instruction set ARM, Thumb Thumb, Thumb-2 Thumb + Thumb-  Thumb + Thumb-
architecture System Instruction 2 2,

DSP, SIMD, FP
DMIPS/MHz 0.72 (Thumb), 0.95 (ARM) 0.9 1.25 1.25
Bus interfaces None 1 3 3
Integrated NVIC No Yes Yes Yes
Number interrupts 2 (IRQ and FIQ) 1-32 + NMI 1-240 + NMI 1-240 + NMI
Interrupt priorities None 4 8-256 8-256
Breakpoints, Watchpoints 2 Watchpoint Units 4/2/0, 2/1/0 8/4/0, 2/1/0 8/4/0, 2/1/0
Memory Protection Unit No No Yes (Option) Yes (Option)
(MPU)
Integrated trace option Yes (Option) No Yes (Option) Yes (Option)
(ETM)
Fault Robust Interface No No Yes (Option) No
Single Cycle Multiply No Yes (Option) Yes Yes
Hardware Divide No No Yes Yes
WIC Support No Yes Yes Yes
Bit banding support No No Yes Yes
Single cycle DSP/SIMD No No No Yes
Floating point hardware No No No Yes
Bus protocol Use AHB bus wrapper AHB Lite AHB Lite, APB AHB Lite, APB
CMSIS Support No Yes Yes Yes



