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Keil Microcontroller Tools

= | eading supplier of MCU development tools

A Keil Embedded Development Tools for ARM7/ARM9/Cortex-M3, XC16x/C16x/ST10, 251, and 8051... E\Iﬁlg

= ANSI C/C++ compilers, Debuggers |~ % = e s Lt
] DeVICG Slmulatlon Embedded Development Tools DZ'!&ECIM!',

Home | Products | Events | Support search Keil.com for: [ NN 3

Product Information
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= Middleware components

- List of Chips Supported lhy Keil - Microsoft Internet Explorer. EEX &
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= User group structure : iy
= Global distribution network o —
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Software Development Tools

Microcontroller Development Kit |3 “E‘_SE

Complete software development
environment for Cortex-Mx and
ARM7/9 microcontrollers

Easy to learn and use, yet powerful

enough for the most demanding
embedded ARM application

MDK-ARM

Microcontroller Development Kit

ARM C/C++ Compiler

RTX RTOS Kernel Library

p¥ision
Device Database & IDE

u¥ision
Debugger & Analysis Tools

Examples and Templates

Complete Device Simulation

ULINK USB Adapters

On-the-fly debugging and Flash
programming via |TAG or serial
interface .
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RTX and Real-Time Library

Fully featured real-time kernel

Library of middleware components to

speed up software development and solve
real-time and communication challenges

RL-ARM
Real-Time Library

RTX RTOS Source Code

TCPnet Networking Suite

USB Device Interface
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CAN Interface




MDK-ARM

= Complete software development environment
= For ARM7/9 and Cortex-Mx devices

= Easy to learn and easy to use MDK-ARM
] Microcontroller Development Kit
= |ndustry leading technology
= ARM Compiler ARM C/C++ Compiler
= Keil pVision IDE / Debugger 9
. RTX RTOS Kernel Library 2
= Complete device support £
-
= ARM7, ARM9, Cortex-Mx MCUs pVision T
_ Device Database & IDE ©
= Start-up code & Flash algorithms %
: : : MVision =
= Complete device simulation Debugger & Analysis Tools £
X
1]

= Board support packages (BSPs)

= RTX Real-Time Kernel
= Efficient RTOS Kernel for small systems
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Complete Device Simulation




RL-ARM

= Extensive library of ready-to-use middleware components
= Speed up software development

= Meets Embedded Developers’ needs
= Solves common embedded challenges
= Real-Time Systems
= Embedded communication & networking
= Designed for use with MCU Devices

= Extensive Range of Examples
m Easy to begin Working Flash File System

RL-ARM
Real-Time Library

RTX RTOS Source Code

TCPnet Networking Suite

= Can be used as building blocks

= Royalty Free
" Includes RTX source code. CAN Interface
= License — single user, multi project

USB Device Interface
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Hardware Components

= Range of evaluation boards and debug hardware
= Verify application running on hardware target

= ULINK family of USB Adapters
= Debug and Flash programming
= JTAG and SWD support | | EE
= Hi-Speed Streaming Trace | b

_ K . M JIKEIL  ULINK2
= Evaluation Boards | . —
= ARM7, ARM9, & Cortex-M3 3
= Luminary, NXP, ST, & Toshiba A
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MDK-ARM

Microcontroller Development Kit

MDK-ARM

Microcontroller Development Kit

ARM C/C++ Compiler

RTX RTOS Kemel Library

pVision
Device Database & IDE

HVision
Debugger & Analysis Tools
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Complete Device Simulation




MDK-ARM supports MCUs

= Qut-of-the-box support
= >490 ARM MCUs s s

Dratabase: ] =henc Cf ata Base J

LRMITDMI based High-performance 32-bit RISC Microcontoller with Thumb
extensions, Fully Programmable External Bus Interface,

up to 128MB Address Space. 8 Chip Selects, 8K Bptes Internal Rak.

58 Programmable 1/0 Lines, 8-level Priority, Individually Maskable,

€1 ATHIF40416

= Start-up code and configuration wizards | i S
= Flash Algorithms and debug information s |
= Examples and Templates e e

£ ATIIC140
ADC1_CR; [EEEER _| swRsT  _| START [~ &0

~Mode

= Complete device simulation T

™ RES

] | TRGSEL: [TI040 - ™ TRGEN Carw. Tirne: [1.100 us
= Not only a processor simulator!

ADC1_CHSR: |0-00000000
EBl: External Bus Interface

[TCH3 T CH2 [ CH1 [ CHo

= Includes On-Chip peripherals

MNWwS | TDF | BAT | CSEN LEROCIE e

i} 1

I e [E =
= External signals and I/O e
DACO_CR: 00000000 | SwRST g g g EF: [3.0000
;Mude ) i] i} 0
0 0 0

DaCO_MR: {DxDDUDDDDU I FES

TTRGESEL: | TI0AQ =| [ TTRGEN

_ Bw: [15bt_v| Mws:[3 <] M WSE

B Drata Holding & Output BAT

d
DACO_DHR: [+00000000 GES: [avE v| TOF[2 v| o copy

DACO_DOR: |0x00000000

Intermipt M‘ask‘ & Status 1 "]
DATRDY W DRP
DACO_IMR: |0x00000000 r
DACO_SR: | 000000000 r
Analog Dutput 1 Reference Volatge

Dan: 1D i} DAVREF: {30000




uVision4 IDE V.

= |ndustry-leading IDE for MCU and smartcard devices
= Common to ARM, C166, and 8051 platforms
= |ncludes target device configuration and Device Database
= High speed simulation
" |nstruction Set
= On-chip peripherals , |==EE e
= Source code editor e ==

......

= Project debugging ey I
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= Flash programming | T
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Multi-Monitor Support

= Flexible windows management

= Support for multiple monitors
= Drag and drop windows anywhere on the work space
= Docking windows
= |eave windows floating or docked to others
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Flexible Windows Management V.

= Multiple windows
= Open multiple versions of windows
= Can be docked together or floated in workspace

= Tabbed groups

.
= Group related windows together e | Value |
. = Current
- Easy access and naV|gat|on = User/System
""" Ra Q00000000
""" R3 Q00000000
""" R10 D=00000000
:.P\;I;F.emurlfﬁ Vﬂ X Memowl hd ux ...... E:II-IE gxgggggggg

i R e :

Address: |save_record[0] Freeze ﬁ Address: |save_record[10] Freeze = e R13[SP) (40000910
0x40000040: 00 01 10 00 &D 00 00 0O ~ |0x400000EC: 00 00 00 00 00 00 00 00 oo | || & ‘o= R14 [LR] (x00000bch
0x40000048: FF FC FF 03 E0 00 00 00 0x400000E9: 00 00 00 00 00 00 00 00 00 [+ Fast Interrupt
0x40000050: 00 01 10 00 &E 00 00 00 0x400000F2: 00 00 )0 00 00 00 00 00

i o S e T o neli s [ | nkerrupt
0x40000058: FF FC FF 03 E0 00 00 00 0x400000FB: 00 00 )0 00 00 00 00 00 :
0x40000060: 00 01 10 00 &F 00 00 0O 0x40000104: 00 0O )0 00 00 00 DO 00 Bl Supervisor
0x40000068: FF FC FF 03 E0 00 00 00 0x4000010D: 00 00 )0 00 00 00 DO 00 [ hart
0x40000070: 00 01 10 00 70 00 00 0O 0x40000116: 00 00 )0 00 00 00 00 00 F Undefined
0x40000078: FF FC FF 03 E0 00 00 00 0x4000011F: 00 00 )0 00 00 00 00 00 Bl ot
0x40000080: 00 01 10 00 71 00 00 0O 0x40000128: 00 0D 00 00 0O 0O 0O 00 0O Al
Ox400000RA: FF FC FF 03 EO 00 00 00 & nx4000Q131: 00 00 00 00 00 A0 00 00 on B """ PC % 0=000008C4
""" Mode zer
""" States 71171648
e S 1.48368957
EF‘ro_ie::t | ERegisters |
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Device Database V.

= Enables quick selection of suitable device
= On-line
= |ncludes Parametric Search
= www.keil.com/dd

[ Ling of" Chips Supporied by Kl - Micron®t fnierset Eaplarer
Bl Bt e Faeites Tooe Heb el

i 0 g e bl ey = ﬂ_'a:.
.. Device Database® EP“EI'!_-
u IJ V| Sion T — T4

Device List

= Includes main parameters for device
= Enables easy project creation
= Fast device configuration
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http://www.keil.com/dd

Device Configuration

= Enables effortless device set-up

= Avalilable for all devices
= |ncluded in Device Database

B C:\Keil2\ARM\Boar ds\Keil\MCBSTR9\Measure\STR91x.s DEE

Expandall | Colapseall | Help |
. . Option | Walue
[ | User CcO nflg u rable (text or leard) =l Stack Configuration (Stack Sizes in Bytes)
Undefined Mode 00000 0000
. . . - Supervisor Mode Q0000 0002
= Configuration Wizard
Fast Interrupt Mode 030000 0000
. . Interrupt Mode 00000 0100
= Main parameters for device UserfSystern Mode 00000 0400
+-Heap Configuration
= Drop-down selection or user entry sy
S Flosh Mermory Interface (FMID [+
. +-Flash Barnk 0 Enable [
= Enables stable device start-up % Fiesh Berk 1 Enabe 2
WSTATES: Wait states 1 'Wait state
PWD: Power-down configuration Disabled
-~ LWDEM: Low Voltage Detector enable  Enabled
BUSCFG: Flash bus dock configuration Low frequency bus clock
+-Clock Configuration [v
[+-Peripheral Reset Configuration [v

Configuration Wizard _l.-'r




Multi project workspace V.

= Often need to work on more than one project at same time
= Develop application and bootloader

= Multi-project workspace
= Define a group of projects as a Multi-Project Workspace file ((MPW)
= \Work on them in one project workspace

Create New Multi-Project Workspace (%]

Wizion Project Compaonentz ]

Project | Flash Debug Peripherals

:Ll"\-"iSiEIr'l Projects: . [ ;.f E ""._
New pVision Project... AR WyproiectTuvpra
C:hEeilha R M yproject? uvpro
New Multi-Project Workspace..,
Open Project... W
QIDSE PI'O_]ECt Set az Active Project %

k. | Cancel ‘ Help

L. JA— 1§




Examples and Templates

= Board Support Packages

= Examples and BSPs provided for numerous evaluation boards from
many vendors

= Examples work on target hardware or simulation
= Templates 5
= Enable base for user projects e
= Fast out-of-box experience Kiendu ol

W Retain current i Wizion conl figuration.
= Included in MDK-ARM and RL-ARM D et et i
— Preselect Example Projects far ~
|S|mulatedH divare _VJ

o Simulate

Analog D 3 Boards
Atrnel SaM 7w Boards

b fists Boards f

Embest Boards E Eanec)

Future Boards

Keil [NXF] MCBZ2x4x Boards

Keil [STH] MCBS T sux Boards

Luminary Boards
Phytec Boards
Silica Boards




MDK-ARM

Compilation Tools

MDK-ARM

Microcontroller Development Kit

ARM C/C++ Compiler
RTX RTOS Kemel Library
pVision
Device Database & IDE
HVision
Debugger & Analysis Tools

Complete Device Simulation
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ARM Compilation Tools

= Best-in-class compilation tools
= Enables applications to run faster
= Reduces system cost

= The ARM Compilation tools contain:
= Highly-optimizing ISO C/C++ compiler
= Supports ARM, Thumb and Thumb2 Instruction sets including FPU
= Full C and C++ run-time library support

= The ARM Compiler Advantage
= Smaller, Faster Code

. T ]




ARM Compilation Tools v4.0

= New link-time code generation oot ot
= Compilation of code at link time | |
= Applies optimizations across files armcc-tcg %% D7 armcc--ltcg
= |n-lining, shared literals, cross-jumping l l
= Fits into normal build process test1.o test2.0
= Just add --ltcg command line option imermwediate

= 5% better code size and performance :
armlink--ltcg

= |ncludes MicroLib optimized C Libraries !

’h._

= Superset of standard ARM C Library test.axf
= Optimized for embedded applications e
= Minimal overhead for un-used OS functionality
= Un-used functions removed from memory footprint

= Faster system bring-up
= Most functions initialized at point of use

I ]




MicroLib — Optimized for Embedded

= Reduces system code size by 50% to 90%

Library Totals RO Totals
250001 30000+

ARM Thumb  Thumb (M1) Thumb2 ARM Thumb  Thumb (M1) Thumb2
Processor Object Standard MicroLib % saving
ARM7TDMI ARM Library Total 21,352 8,980 61%
RO Total 25,608 12,816 51%
ARM7TDMI Thumb Library Total 17,156 6,244 57%
RO Total 20,129 9,348 50%
Cortex-M1 Thumb Library Total 16,452 5,996 64%
RO Total 19,472 9,016 54%
Cortex-M3 Thumb-2 Library Total 15,018 5,796 63%
RO Total 18,616 8,976 54%

Based on Dhrystone 2.1 Benchmark

L. 4




Source Browser

= Displays variable and function definitions
= Use F12 key to display definition
= View all instances throughout your application

Ll Browse - C:\KeilZ\ARM\Boards\Kei\MCBSTR9\Measure\Dbji\Measure

Symbal: ;currenl lj Memory Spaces: W eram
Filter or: M acras Data v dala
R ~ g p” const
Functions Sfi[Bits) o
Fararmeters Types " code
File Dutline: | <all files> |
¥ MName 2| Definiions and References - current
__aeabi_stdout =B ChiKel2ARMBoards\Kel\ MBS TR Mes &
_ stderr W [R JLine 43
__stdin =B ChiRel2VARMBoards el MCBS TRSY Ves
_stdout | @D ]Line 44
address - Wi [R JLine &1 [r]
g W[ R JLine 102 [r/w]
args | i [ R JLline 103 [w]
ki [ R Line 105 [rfw] _
zm it . Wl [ R JLine 106 [w]

W[ R JLine 108 [r/w]
- @ [ R JLine 109 [w]
W[ R JLine 111 [r/w]
- W [ R JLine 112 [w]
W[ R JLine 118 [r]

cnt
cLrrent

|
£




MDK-ARM

Verification and Debug

MDK-ARM

Microcontroller Development Kit

ARM C/C++ Compiler
RTX RTOS Kemel Library
pVision
Device Database & IDE
HVision
Debugger & Analysis Tools

Complete Device Simulation
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puVision Device Simulation

= All components of target device are simulated
= Code can be run on entire device
= Complete simulation of target

= Fast Instruction Set Simulation (ISS)
= On-chip peripherals

Device Simulation

= ADC, DAC, EBI, Timers Flash [ EEPROM

= UART, CAN, I2C, Interrupts, etc. — SRAMA,D
nterrupts

= Includes external signals and I/O Ethernet

= Dialog Boxes

= Complete access to peripherals
= Read and write

Extending Simulation

AGSI Interface

Device External Peripherals

Simulatio
n Board or System
Interfaces




CPU and Peripheral Control

Simulation offers synchronization of all components

Halt Stops Peripherals
= Whole system stops, including external signals
= Breakpoint and Single-Stepping

Complete System Analysis

= Test can be reproduced
= Executes from a ‘known’ state

Full Power-Down Control
= Debug in all MCU states
= Timing analysis of power-down activity




Debug Restore views

= Save multiple debug window layouts
= Customize view to suit application being debugged
= Save multiple views for a project =

= Save a view globally or locally
v | Debug Layout [Global]

System View [Project]
[

Took SCCS | Window | Hep Debug Tester [Project]

5, | < o gy (B WNClw Layauts. . i3 -
I'j'l'j' - Resst CLrrent LayoLt |
Glohsl Lagpowis: | H e St EF‘ll.=\vi=l:t.ll..uj.'h:!"'ir ‘-I |
Diefauk Q
o |
Crpmartp dciiee Layout
||:u-:=sm: [Preject] Sot Ackve | Chise

. 4




System Viewer Windows

= Displays contents of device’s peripheral registers
= Detailed status information is available

= Change register values directly from the window

: :
. F I eXI b I e VI eWS - \Keil\C1664NC\HKC2287 sfr

= \Window can show registers

&

®

ADC Interrupt Control

Analog Digital Converter 1
ADC Intermupt Control
Rengister Bank Selection

|

Property Walue

- . CAN Interrupt Control Registers = AU Interrupt Control -
from one or multiple peripherals s S
Capture Compare Unit GVl Miority O (lowess)
. . CPU Register VL Priarity O (lowsess)
= Can open mu Iti p|e windows - F et e i e
Flash Kemel R Mo request pendirg

during a debug session

CPU Reaqister 2

Ports

PEC Channel

Pregram Fash Intemupt
Proceseor Register 3
Real Time Clack

RAM

oot RDRORPEeD

e T e S

]ﬁ System Viewer |§Tin‘|er |

GPL  Diszble
ADC_1IC @0x0000FF72 == One..

GVl Piurnily O (lowes]]
I0WL Priority O (lowess)

I= Intarrupt requast i; i

1R Mo reguest pendirg
GPE  Diszble

ADC_21C @0xD000FFT i~ O

Ll GUL FIORt) U (lowest)
Poirter, Flags ILVL Priority O (lowes?)
UART E Interrupt request is ci..,
Poirter 2 15 Mo request pending

GPY  Diszble

ADC_JC @0x00007 76 .= (i

GV. Priority 0 (lowes:)
Ty Fricrity 0 [lowes]

IL Interrupt request s cin,
= Mo request pendirg
GPE  Diszble LI
P ——————— ’
3 || >

] Eanrmrem nte.. |E Japture Soampar..

T




Code Coverage

= Execution Statistics
= Always active for complete project
= Multi-session coverage

= Compare coverage results from different tests

= Color-coded instruction status
= Whether a line has executed

= Taken and skipped branches

B | C:\KeiMARMMARTXAExamples\Measure\Measure. ¢

Code Coverage

Current Module: i teasure

LEX

break: £# start @i
case 'Q';: A Quit o
printf (™ynouit Messurement Recordingin™);
startflag = 0;
hreak:
case 'C': S* Clear ©
printf ("wnClear Measurement Recordshn™);
clear records ()
break:
default: /% Error H
printf (ERRCR, "UNENOWN COMMAND™) ;
printf (menu) ; A% display

break:

 clock_tazk
© get_escape

-~ cammand_tazk
meazure_tazk
“interval_task

© gave_measuremshts

g

Modules/Functions

Epitai

R by 379:

E sxecution percentag

1=

100% of 13 instructions, 1 condjumpls] not fully executed
94% of 209 inztructions, 1 condjurplz] nat fully executed
100% of 49 instructions

95% of 45 instructions, 1 condjump(z] not fully executed
E9% of 39 instructions

=B

FEX

RO, RO, #EVO_Stack Size

380: -~ Enter User Mode and set its Stack Pointer

0z000000ER
389:
390:

|~

Ez400020

E3z1F010

E1ACODOOO

ES9F00z0

E3100001

059FEO0LC

158FEDLC

SUB
MER

MER
MOY

C code
MOV
LDR
LIR
TST
TET
LDEED
LDREEQ
LDENE
LORENE
B
ENDP

RO,RO,#3VC Stack Size(0:
CPEE_c. #Mode SR
CPSER_c, #Made USRE (0z0000C
2P, RO

R13,R0

RO, =?C7?INIT

RO, [PC,#0x0020]

RO.#1 ; Bit-0 set:
RO, #PLL_ZETUP (0=x0000000:
LR,=exit?A ; ARM Mode
R14,[PC,#0x001C]

LR.=exit?T : Thumh Made
R14, [PC,#0x001C)
RO

|

-

[




Execution Profiling

= Simulation provides exact CPU timing
= Analyze program execution with different parameters

= Detailed Timing Statistics
= Active for Complete Project

= Execution Time
= Number of Executions g

i
S GO s—— |

= Flexible Views o

return (U30_THR = ch):
int getkey (void) i /* Read character from Serial Port

while (!(US0_CSR & US_RXRDY]):
return (US0_RHR) ;

|
% 0

= Source =2 3 »
i 0332 43792

= Disassembler 1
= Compete Overview

M
m
Q- 5
] C

=

w0

=

=

=
oo cuwucoocowwoooooo
RREIRINERRNERRRREREZ3

3

" Staitup | 232350us




Logic Analyzer

= Allows signals to be monitored graphically
= Timing analysis of

= Analog & digital I/O pins and signals

= |nternal variables

= Exact timing

= View delta changes from
cursor to current location

DACE = | (T
TOIR = 1; #*% Clear interrupt flag
VICVectiddr = 0O; /% Acknowledge Interrupt

= Direct code analysis E

H i . H i . i i i pt

- o MowsPos  Cusor Delta
| | From An alyzer WI ndOW E'E\'?;a\u | ?1.288543 gmzsassS :;.34373?ms=744.193H2
Pee " Boomee 00360

= View instruction that
caused variable change

GV S (O S R ] O SR S NN (NS SO SO SUUUE RS SR S
41,2750 ¢ 41,3000 s 41.32500 5
i) | =

e N ]




Kernel-Aware Debugging

= Enabled by tight integration of RTX and pVision
= Tasks and Event analysis
= Resource Loading
= Allowing resource optimisation

Advanced RTX

Active Tasks ] S_lrlgtem]

TID | Task Mame | Priiity | State | Delap | Event'alue | EventMask | Stack Load |
] oz_clock_demon 285 WAIT_ITV 1
2 clock, 1 RUMMIMG "o
RTX Kernel X
3 command 1 READY S )
4 lights 1 WAIT _DLY a0 otive Tasks | System  Event Viewer |
3 k.E_'r'.fE-'Eld 1 idal T—D Ly 3 Mir Time: Max Time: Range: Grid: Zoom:
255 oz_idle_demon 0 READY DO00E2E s | 34441935 | 2000000s | 1000000s [f]f: E‘j ﬂ] ﬂ] ¥ Funning
ldle .......................................
phased | | | W6 | | R | | NG| | (M || M| | NG | ) MR | ||| PG| | (B || W) |
phaseB | (| dd | | (0| | o\ | |l || o || o )| (W[ )] |
phaseC gl | | 8 | | | | | (o) | ol ||| L))
DhaSEDI...I...I....I...I...I....[...I...I....I...I...I...
clockw (|| | ) | jew| | ;)| e e e .
ICd PR I...I ....... LR L ..I..I .............. I.I.I.
1A Mouze Foz Curzar Delta
- |Time: 1651030 = 0.000000 5 1651030 s = 0.00505653 Hz
wogoos sogoms 300000 s
i 1>
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MDK-ARM

CoreSight Debug and Trace

MDK-ARM

Microcontroller Development Kit

ARM C/C++ Compiler
RTX RTOS Kemel Library
pVision
Device Database & IDE
HVision
Debugger & Analysis Tools

Complete Device Simulation
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CoreSight Introduction

= Debug and trace technology in Cortex-Mx devices
= On-the-fly debugging
= Debug application while the processor is running
= Set breakpoints, read/write memory locations

= Direct access to memory, no need to go through processor
= Increased number of watchpoints

= Flexible trace options
= |ntegrated Data Trace (Cortex-M3)
= Optional Instruction Trace (ETM)
= Reduced pin count interface
= 2-pin Serial Wire Debug (SWD)
= 1-pin Serial Wire Viewer (SWV)
= Uses standard JTAG connectors

= Supported in MDK-ARM and ULINK family of adapters

. I ]




Data Trace (SWV)

= Fully supported in MDK-ARM
= No additional software or hardware required
= Serial Wire interface supported by all ULINK adapters

5 2 8 I
e
PIKEIL  ULINK2 |

ot s Bpem D |




View the SWV output

= uVision provides 3 different ways to view variables
= Memory Window
= View > Memory Window
= Watch window

= View > Watch and Call Stack Window wegus = =
. value = 0x083F
| value = 0x0840
ITM Vlewer value = O0x0840
. . . . value = 0x0840
= View > Serial Window > ITM Viewer value = 0xD840
value = 0x0840
value = 0x0840
* [ Wame . value = O0x0840
4 Ay AL b — value = 0x083F
AD_Dhbgtal wvalue = 0x0840
<type F2 ta edit: value = 0x083F
value = 0x0840
value = O0x083F
value = 0x0840
wvalue = 0x0840
3: Address: |&"~I:|Iink_l,l"-.-'-‘-.D_DI:|gUaI value = O0xz0840
P value = [
Oxz20000@18: 3F 08 OO OB 00O QOO 00 00 01 O1 00 QOO o0 oo oE valte = [ =
Oxzz20000 : 00 ao oo o0 01 00 00 00 42 24 01 40 10 00 gaD wvalue = 0O w
OxzZ20000036: 0 oo an DD Dl DD DD DD DD DD DD DD DD

OxZ0000045: 00 00 00 00 01
EIXEEIEIEIEIEI54 oo zo 0o o0 oo

oo oo
Memurr 1 Memory #2 Memory #3 Memory #4

Memn:r'g.r




Trace Configuration

= Easy configuration
= Cortex-Mx Target Driver Setup window

= MDK-ARM displays trace information

Cortex-M Target Driver Setup ®

= Four Trace Views:

Debug Trace 1 Flash Diovanload 1
| T race R e C O rd S Core Clock: | 72.000000 hHz ™ Trace Enable
 Trace Port - o Timestamps ~ Trace Events 1 \

| Exce pti O n T race _j ¥ Enable Frescaler: m [~ CPI: Cycles per Instuction >

S/ Clack Prescaler [ EXC: Exception overhead

¥ ~FC Sampling - r _
SLEEF: Sleep Cycles
Sl fiasae 11024“1 6 ]v [~ L5U: Load Store Unit Cycles

116N MHz |~ Peioid Period: | <Disabled> | | [~ FOLD: Folded Instustions
W on Data B Sample W EXCTRLC: Exception Tracing

= Event Counters

S0 Clock:

= Logic Analyzer

1~ ITH Stimulus Ports

0

il Fart 3 Fart 16 15 Port 8 7 ort
Enable: |4FFFFFFFF Wil v v il v iviv
Privilege:jDHDDDDDDU? Port 31.24 [ Port 23.16 W Port 15.8 W Port 7.0

k. | Cancel Help
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Trace Records

= Trace Records display program flow
= Capture timestamp, PC sample, Read/Write accesses
= Time delay and lost cycles are noted

= Raw trace data from all trace sources

= Filter window to refine the view
= Can be updated while

C P U . . Trace Records ()
IS ru n n I ng Type i Owf ] Furn 1 Address 1 Diata I FC 1 Dy I Cycles | Tirnefs] ‘:J

Exception Retun 1] s 831623418 11.56032525
Exception Entry 15 832335378 11.56021358
[ ata ‘wiite * 20000004H 0oa0o03eH 0B8000142H kS 832343424 11.56032533
Exception Retun 1] s 832343424 11.56032533
E xception Entry 15 833055386 11.57021369
[ ata ‘write b 20000004H 00000039H 08000142H = 833063430 11.57032542
Exception Retun 1] s 833063430 11.57032542
[ ata ‘wiite 20000018H 000003EAH 0800030 EH kS 833333241 11.57407279
[ ata 'wiite 20000018H 000008C4H 0800030 EH = 533384693 11.574768740
Exception Entry 15 833775254
[1ata Wwrite = 20000004H
Exception Return ] | ¥ Counter Events
[ ata 'wiite 20000018H 000003BAH 0800030 c 11.58232724
[ ata 'white 20000018H 000008C5H 0800030 v Exceplions 11.58305306
E xception E niry 15 v PC Samples 1153021392
[ ata ‘wiite * 20000004H 0000003EH 0800014 11.59032558
Exception Fetum % 0 v [TM Events 1159032550
Exception Entry 15 v Data Beads 11.60027 403
[ ata ‘wite B 20000004H 0000003CH 0800012 ) 11.60032567
Exception Retum % O | v Data Writes 116003257 o |
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Exception and Interrupt Trace

= Statistical information about exceptions and interrupts

= Captures detailed information
= Name and number of exception; number of time entered
= Max and Min time spent in and out of exceptions

Exception Trace |X|
Murn ! M ame ! Count l Total Time ! ki Tirme In l I & TimeInJ ki Tirne Cut J M ax Time Out ! First Time [5] ! Laszt Time [2] ! ~
2 Mkl i 0z
3 HardF ault ] 0z
4 kembdanage ] I
5 BusFault 0 0z -
B |zageF ault ] I
11 Sy Call 475 188236 us 77500 us 30.736 uz 135,861 us 145492 0.00021660 2044279225
12 Dbgton 0 0z
14 Pendsy ] ¥
15 SyzTick 2576 4,309 mz 1.417 uz 93.694 uz VER.222 us 10.066 mz 0000387276 2547015878
16 ExtIRO 0 1 0z
17 ExtRG 1 1] I
14 ExtlRO 2 1] I
14 ExtRO 3 i 0z
20 ExtRO 4 1 0z
21 ExtlRO & 1 I
22 ExtRO B i 0z
23 ExtlRO 7 1] I b
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Event Counters

= Display real-time values of specific event counters

= Provide performance indications
= Extra cycles taken to execute instructions
= May be due to memory contentions (Flash waitstates)
= Cycles of overhead caused by handling exceptions
= Cycles spent in sleep mode
= Number of cycles spent

: Event Counters [‘5_<|
performing memory accesses — —
= Number of folded branch EF'II:HT:l 2387625 0| Estra Cycles per Instruction
instructions EXCCNT: | 818 0] Exception overhead cycles
SLEEPCMT: | 2048 E Sleep Cycles
LSUCMT: | Lt L E Load Stare Unit Cycles
FEILDENT:l 46 E Folded Instructions




Debug and Trace Units

LULINK Products

E & g
SIKEIL  ULINK 70

ULINKPro

: 1

SIKEIL  ULINK2

gt s
SEE

ULINK-ME

ULINK2




ULINK2 Adapter

= Easy-to-use USB run-control adapter

= Supports program debugging and Flash programming
= Features

= Cortex-M3 Serial Wire Debug and Trace
= Plug and Play USB Installation
= On-the-fly debugging with Real-Time Agent

= Program Debugging  TT9R
= Single Stepping & Real-Time Execution e '-
= Flash and Software Breakpoints
= Memory Access Breakpoints

= Flash Programming

= Download, Verify, and Execute

T ]




ULINK-ME

= |_ow-cost adapter
= For evaluation and starter kits
= Same functionality as ULINK2

= Features
= Cortex-M3 Serial Wire Debug and Trace
= Plug-and-play USB installation
= On-the-fly debugging with Real-Time Agent
= Target power via ULINK-ME
= Mini USB connector
= ARM 20-pin (0.1") connector only
= Small size: 28 x 80mm (1 74" x 3 V4")




ULINKPro Debug and Trace Unit

= Features

= Performance

= Available - September 2009

Debug via JTAG interface for ARM7/9 and Cortex-Mx

Serial Wire Debug (SWD) for Cortex-M3

Serial Wire Viewer (SWYV) data trace for Cortex-M3

Instruction trace (via ETM) for Cortex-M3

Data streaming direct to host PC

Cortex-Mx processors running up to 200MHz

Connectors: 10-pin (0.05"), 20-pin (0.10"), and 20-pin (0.05")
| (i

. DIKEIL  ULINK7w0o

|
50MHz JTAG clock speed

1MB/s memory read/write
480hits/s USB 2.0 connection




ULINKPro Benefits

= Real-Time Trace for Cortex-M3 devices
= ETM instruction trace captures detailed program execution
= Non-intrusive software verification of a running system

= |mproves code coverage accuracy
= Enables dynamic analysis of running applications

= Data streaming via USB 2.0 interface
= No buffer, no trace overflow resulting in data loss
= Enables code coverage and performance analysis on target
= Supports targets running up to 200MHz

= Support for multiple target connectors
= Flexibility and compatibility

. I




Comparison of debug and trace units

ULINK-ME ULINK2 ULINKPro

JTAG interface

Serial Wire Debug interface
Data trace via SWV

ETM Instruction Trace

OG0

KOOO
XKOGO

JTAG Clock 10MHz 10MHz 50MHz
Memory read/write 28KB/s 28KB/s 1MB/s
Data Streaming 1Mb/s 1Mb/s 100Mb/s

KKXXKGC
KK KO
GO QOG0

Logic Analyzer
Performance Analyzer
Execution Profiling
Code Coverage

b




Starter Kits




Evaluation Boards

= Proven hardware for quick development and debug

= Designed for easy set-up
= Extensive program examples

= Available as starter kits
= Evaluation version of MDK-ARM

Toshiba TMPM330

= ULINK adapter

STM32E
1 o wﬁ.frn;i: [ LPC1 700

=

..........




Get More Information

= Customers use www.keil.com on a daily basis to obtain
= Program examples
= [atest technical information

3 sall Esisadded Developrant Tosd for ARMTILRMW S Covtex -1, XC1A0/C162/ST10, 251, and BA&T,., [
B Edt ww Favomes Tock Hele ¥

= Application Notes 8 et T

Embedded Development Tools

3 List of Chips Supported by Keil - Microsoft Internet Explorer

File Edt View Favorites Tools Help

= Program Examples = e
= Device Database Device Database® DZ,!&E!& 1

s [t Sew Pyeonsss Took Oep F 3
o v ol

= Support Knowledgebase e SIKEIL ]

Address

= Discussion Forum e i |

. ADUCE3Z, ADUCE3, ADUCEEE,
. ADUCB45

1.
|2.

ealds 125 of 7,771

uc7024, ADUCTO2S, ADUGTOZE,

8 k8 S ED s LT i : - ! G20
e b el ke med emcy -

7C5103, ATE3/87CT11L,
SCS15ND3, ATB7FS1, ATBTFSIRS,
T 2 &
B2 ket 15

R ]
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http://www.keil.com

Summary

. £ :
Out-of-box user experience —
= Easyto learn and use Microcontroller Development Kit

= Device Database and Startup code
= Industry-leading tools
= pVision IDE
. . MVision
= ARM Compilation tools
= Advanced verification and debug

= Complete device simulation

= Sophisticated analysis tools
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= Support for CoreSight debug and trace technology

= Hardware components
= Complete the testing cycle by running on target hardware

= Total solution for developing embedded applications




