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Microcontroller Development Tools

The RealView® Microcontroller Development Kit is .

the complete software development environment for all A.Rh? Rea’IVIew.CIC-I:-I- .
ARM7",ARM9", Cortex"-MI, and Cortex-M3 processor- Compilation Tools with MicroLib
based devices.

It combines the industry leading RealView compilation Easy-to-use IDE Supports
tools (by ARM) with the Keil” pVision® IDE/Debugger,

providing developers with an easy to use, feature-rich Complete Development CYCIe

environment optimized for ARM Powered® devices.

The RealView Microcontroller Development Kit (MDK) Complete Device Support

provides an easy-to-use development interface, with many . . . .
unique features designed to help you develop your project InCIUdlng Perlpheral Simulation

quickly and easily. Save time by using the Device

Database to automatically configure device and project JTAG & Serial Wire Debu g
parameters. Benefit from better verification by using the .
integrated Device Simulator which accurately models PlUS Real-Time Trace

more than 260 ARM Powered devices including the ARM
instruction set and on-chip peripherals. PR .
Deterministic and Preemptive

RealView Compiler Performance RTX RTOS Kernel

The RealView MDK is based on the ARM RealView
compilation tools, recognized as delivering the tightest,
highest performing code for all ARM-Powered devices. In
addition, further code size savings can be gained by
selecting the new MicroLib, which has been specifically
developed and optimized for embedded systems.
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Standard Library . MicroLib The RealView Microcontroller Development Kit
offers a complete development environment for all
By using MicrolLib, the library code sizes can be significantly reduced, ARM Powered standard devices.

enabling product memory and cost savings.
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Project Configuration

The pVision IDE incorporates a Device Database of
supported ARM Powered microcontrollers. In pVision
projects, required options are set automatically when you
select the device from the Device Database.

pVision displays only those options that are relevant to the
selected device and prevents you from selecting
incompatible directives. Only a few dialogs are required to
completely configure all the tools (assembler, compiler,
linker; debugger, and flash download utilities) and memory
map for your application.

Project Management

File Groups allow you to group associated files together.
They may be used to separate files into functional blocks or
to identify engineers in your software team.

Project Targets allow you to create several programs
from a single project. You may require one target for
testing and another target for a release version of your
application. Each target allows individual tool settings
within the same project file.

RealView Microcontroller Development Kit

Editor and Source Browser

The pVision Editor includes all the standard features you
expect in a professional editor. Workflow is optimized with
intuitive toolbars providing quick access to editor functions,
most of which are also available while debugging for easy
source code changes.

The integrated pVision Source Browser quickly displays
information about symbols and variables in your program
using the F12 key and the Source Browser Window.
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The Source Browser provides instant details on variable definitions and usage.




MVision Program Debugging and Simulation

K% Measure - pVision3 = 0 A
- - = he disassembly window

Fle Edit View Project Dsbug Flash Periphersls Tools SVCS Window Help N N N
- o 50 ™TE ows trace intermixed with
Project Workepacs == - urce code.
Bege Voo = 25955 0z010017FA F898 BL 0x0100192
24043 7-¢ 0x0100192C 4710 BX R2
E? ngggggggé 24047*  23: int fputc(int ch. FILE #*f) {
5 204773 001000208 B510 PUSH {R4,LR} il
R oo S0 0: setura (sendeher (chy)s ode coverage and profiling
A0z : 5 g 7 A
E; 3*3333‘0333 2404721 0x0100020C Fa2C BL sendchar (0x01000266) - Part #2 formation d/splay in the
i = Py 5
i e 5 Rutmoisting Gt ol 8 /% Write character to urce window.
;; Exgggggggg 24046 *0x0 1000266 4A0A LDR R2, [BC,#0x0028]
Ra D000 ET5 dE(ER == )
% 24046 %
B ommin o o ff] ZEROGT S T Ge © mna
gl o g g I ey 28: " while {I(USD_CSR & US_TXRDY)); [ he toolbox contains user
E:Slsm ngggg?ngg 2 24__( 18534 "0x0100026C 6951 LDR R1,[R2.#0x14] i
AL 412600 T 18534 "0x01000Z6E 0789 LSL RI1,R1,#30 LA ] i
2 e o moon ] SUDRIRES S B bwdsomsee | Vs efinable buttons to run
+ CPSR  DsB000CO30 £ - é;f ! Lo s SEeS s P T mmands or debug
*  SPSH 0x40000030 31 19955778 | - -while: (! (USO_CSR-&-US_TXRDY]): 2 ‘DxDlDD]j272 210D MOV R1,#0200 3 Stop Anslogl 3
i AL s retuine(US0_THR: ScEhyy 22°0z01000274 6101 STR R1.[R2.#0x21C1 &
# - Fast Interupt 24046 |} <l ¥
0 Interupt ¥ = " = N
N L T T P DEx he logic analyzer shows
I 8300363 | - -while- (! (USO_CSR- & US_RXRDY) ) -+ { MinTine:  MsxTine:  Range: Gid  Zoom anges to variables and
Ll LS Solup ‘gxpn,t ‘ 0022034 | 3512601  GO00000: | 0250000 EMMJ 3 q
Mk [ [ CoseSendve - ignals over time
4*| - .return- (U30_RHR) ; 3= i DA .
+ Simulator VTREG -
« 154 Peipheral SFR —
= B unamed Application . 1000 ;
1 Funtre L ; ymbol names may be
5[] Getine Modds Start Messurement Recording 0= i
< o et | runcin ; : ragged and dropped to
T Command: d ‘ e | y Bror deb o~
Sgent | int 3 | i { 2
b s | S Display current Measurements: (ESC to abort) o ¢ S O 0 e o TR SEEERHggeERwinaows.
»on | Time: 0:00:35.054 PA:12345678 PB:0000SS55 A0:1.90V Al:2.40V A2 020006 22750006 a5 25000+
# [ Mcommand | Modkie - ~
% ] Messwrz | Modde

L] M Modul = N
D8 e Moty v | B Swc @ Dsesenth S seis B Logoina | lemory and watch windows
<& current.time.cec = [ % [Hare i e = lisplay important program
Analeg0 (3.000000) entered. g M
PORTA=0x12345678 o ey 0x00000064: 00 00 23 00 54 OO 00 00 78 56 34 12 riables.
PORTB=0x5555 e rtaEi 000000070 55 55 00 00 FF CD 00 00 00 00 23 00
BD1-2.4 poré (1234678 0x0000007C: 55 00 00 00 78 56 34 12 55 55 00 00
bs write current.time ey 00005555 0x00000088: FF CD 00 00 00 00 23 00 56 00 00 00
z Sy OO0000R0 [ ] —'|l lox00000094: 78 56 34 12 55 55 00 00 FF D 00 0O
£| >save test.hex save_record, 1000 [ 0F7 0xD00000AD: 00 00 23 00 57 00 00 00 78 56 34 12 .
M 7end aliieeay [j g m 00D £[0%000000AC: 55 55 00 00 FF CD DO 0D 0D 00 23 00 nter debug commands into
l o] i3 O0z00NONORA: 56 110 Z =
ST o] i  command [ FrdimFies L I 0 T 3 T 0 VT W T P T ol e command tab of the
Simulation t1: 35,12601049 sec NUM RIW utput WlndOVV.

Debugger and Device Simulator Analysis Tools

The pVision Debugger supports complex breakpoints The pVision Debugger provides powerful analysis tools for
(with conditional or logical expressions) and memory fast application development, verification and optimization.
access breakpoints (with read/write access from an address
or range).The debugger also displays code coverage and
execution profiling information in the editor windows.

Code Coverage RIX

Cunert Module: [Messure =]

Additionally, the pVision Debugger simulates a complete e, e
ARM Powered microcontroller including the instruction set retak (el
and on-chip peripherals. These powerful simulation o sl - N
capabilities provide serious benefits and promote rapid, T e i

reliable embedded software development and verification. o Ut

® Simulation allows software testing with no hardware.

uVision provides code coverage statistics for application verification.

& Performance Analyzer EEx

® |mprove overall reliability with early software debugging.

® Simulation allows breakpoints that are not possible with Modicon | Cas | Theisec) | Terolt
hardware debuggers. ) e 01
= cp S43176ms 1% O
. . . . . 1e0 w27 209208m: 4% )
® Simulation allows for optimal input signals (hardware Bocpus. | 3w |z 3% 0
. DPhase 39427 Jz 43!5".; Ij; ]
debuggers add extra noise). g | | sEEs )
. . . MakeByte 1738 1164ms 0% |
m Signal functions are easily programmed to reproduce one (R
i_timer 1 0617w 0% |
complex, real-world input signals. e S W
Startup 332w 0% |
® Single-step through signal processing algorithms.
Show: [Modues || Sort descendng

m Test failure scenarios that would destroy real hardware.
Performance Analyzer shows execution time for tasks and programs.

www.keil.com




Hardware Debugging and Trace

ARM7/9 Debugging

Debugging of ARM7 and ARM9 processor-based devices is
supported via the standard 5-wire JTAG interface using the
Keil ULINK®2 Adapter.When used with pVision, ULINK2
enables you to download programs to on-chip and external
Flash, set breakpoints, view memory contents, and single-
step through your program.

Real-Time Agent

Debugging using JTAG requires the processor to be halted
to allow memory modifications or setting of breakpoints,
this is not always practical in an embedded application.

By adding the Keil Real-Time Agent to your application,
you are able to view and modify your target's memory, and
set breakpoints on-the-fly without stopping your program.
Serial data communication which would normally be output
via a serial channel can be displayed in the Real-Time
Agent Terminal window.

= Real-Time Agent Terminal

+ command —+ syntax ----—+ function --—-—-—-—-—---——-—-——————————————— + A
| Read | R [n] | read <n’> recorded measurements |
| Display | D | display current measurement values |
| Time | T hh:mm:ss | set time |
| Interval | I mm:ss.tit | set interval time |
| Clear | & | clear measurement records I
| Quit | @ | gquit measurement recording |
| Start | 8 | start measurement recording |
RS g s S e e B R R e e +

Display current Measurements: (ESC to abort)
[Time: 0:02:14.525 GPIO7:60 AD:2.24V A1:1.39V A2:0.79V A3:0,42V

The pVision Real-Time Agent Terminal displays serial and printf style information
which would normally be output through an on-chip serial channel.

Hardware Debugging using ULINK2

® ULINK2 connects via USB to the target board. It supports JTAG
and Serial Wire modes including SWYV Real-Time Trace.

®m Three connector types are supported by ULINK2:

m 20-pin (0.1” & 2mm) - used on most evaluation boards.

® | 0-pin (0.05”) - new space saving connector.

®m JTAG, SW and SWYV interfaces are all supported within

the standard 20-pin and |0-pin connector pin-outs.

B Further information is available at www.keil.com/ULINK2.

ETM Trace

Some ARM Powered devices also include an Embedded Trace
Macrocell” (ETM) which enables instruction and data trace.
MDK supports this style of trace with the addition of a third-party

trace unit and a software plug-in.

Cortex-M3 Debugging

Cortex-M3 processor-based devices offer a new Serial
Wire (SW) debug mode, replacing the JTAG interface
with a 2-pin interface, and offering new features.

The Serial Wire Viewer (SWYV) uses one further pin and
provides Real-Time Trace information about: interrupt
execution, data read/write of selected variables, event
counters, and user trace data.

Trace Records
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The Logic Analyzer and Trace Records windows display trace information in
real-time while the processor continues operating at full speed.

For detailed information, refer to
www.keil.com/appnotes/docs/apnt_197.asp.
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ULINK2 USBJTAG Adapter

10-pin (0.05”)
20-pin (0.10” & 2mm)

ULINK2 supports three ARM debug connectors



RTX RTOS Kernel

RTX Kernel RTX Kernel

Today, microcontroller applications demand more critical
Memory
Pool

control, often requiring simultaneous execution of multiple
Interval
Scheduler

tasks in a real-time environment.

While it is possible to implement an embedded program
without using a real-time kernel, the proven Keil RTX allows
developers to concentrate on application development, save
time, produce a reliable, expandable system and makes

software development easier. RTX Kernel Function Overview

RTX is a royalty-free, deterministic real-time kernel with ®m Task Management Functions allows you to
multiple task priority levels, round-robin, and preemptive create and delete tasks. RTX supports up to 254
context switching. It has been specifically developed for the active tasks, each with 254 priority levels, multiple
ARM architecture, with a further optimized Cortex-M instances of the same task are supported.
feature-set. o

Task Stacks are allocated from a stack memory
pool or can be supplied when a task is created.

e Kernel Specificatio ® Fast Memory Pool Management allows you to

General Specifications ARM7 /ARM9  Cortex-M3 create an unlimited number of fixed size pools while

Defined Tasks (max) Unlimited providing fully deterministic allocation times.

Active Tasks (max) 254 = Event Flag Management allows synchronization

Task Priority Levels | - 254 with up to |6 event flags per task.

Signals / Events 16 per task ® Time Management and Timer Callback

User Timers Unlimited Functions support time delays (interval or

Semaphores / Mailboxes / Mutexes Unlimited timeout) for tasks.

Context Switch <7uS <4uS

Interrupt Lockout time 3.1uS 0usS Kernel Aware Debugging
Memory Requirements ARM7 /ARM9  Cortex-M3

CODE Space <45KB <4KB RTX is fully integrated in the pyVision Debugger making

RAM Space (Kernel) ~500 Bytes it easy to monitor task status and kernel activity.

RAM Space (Task) TaskStackSize + 52 Bytes The RTX dialogs display all aspects of the kernel; such as
Typical Timing Performance ARM7TDMI  Cortex-M3 active tasks, stack loading, and system resource usage.

CPU Clock Speed 60MHz 72MHz

Initialize system, start task 46.2uS 22.1uS

Create defined task, (no task switch) 17.0pS 8.1uS et T | e _EVE”MEW |

Create defined task, (with task switch)  19.1uS 9.3uS Jl&?ﬁf 5 ga:rggi 5g;;§;ﬁs Dzaaulﬁuus ?E:TM 41| Sel| @ Fuming

Delete task 9.3uS 4.8uS o

Task switch (by os_tsk_pass) 6.6pS 3.9u8 s ‘ e :-‘- s v af o 4 - ‘:|: .

Set event (no task switch) 2.4uS 1.9uS s:::g e b :"‘ ‘ L - “ . .‘ - o x|

Send semaphore (no task switch) 1.7uS 1.6uS D‘D‘Z‘; Flae o[l s di e sl o ] ) I !

Send message (no task switch) 4.5pS 2.5pS

Max. Interrupt lockout for IRQ ISR’s 3.1uS (TN B L SBOaT:  ahimes  hoeiame-eoh:

. . . e e G R A L B S S B R e s B A S A e A B B

eformanc fures are vatable ot wnkellcomsapportmanidocsform. —

RTX is provided as fully configurable object code within the
Microcontroller Development Kit and as source code
in the Real-Time Library.

) RealView Microcontroller Development Kit

Task and event timing is conveniently displayed in the Event Viewer, more
detailed information can be viewed by pointing the cursor at specific points.



ARM Microcontroller Development Tools

Microcontroller Development Kit (MDK) I |
Best-in-class ARM RealView® C/C++ Compiler. = " |

Genuine Keil pVision® IDE/Debugger/Simulator.

TR TR Ly

ULINK2

ULINK?2° Adapter

JTAG & Serial Wire Interface.
Target Debugging.

Royalty-free RTX Real-Time Operating System.

Easy device configuration with Device Database support
for more than 260 ARM Powered devices.

RealView® Microcontroller
Development Kit

Flash Programming.

RealView C/C++ Compiler

‘ AID Converter H ‘ /O Ports H
I I

Real-Time Trace and on-the-fly
debugging.

RTX RTOS Kernel Library Interrupt System

MVision
Device Database & IDE

pVision
Debugger & Analysis Tools

Examples and Templates

Complete Device Simulation

RealView”
Real-Time Library

RTX RTOS Source Code

Real-Time Library (RL-ARM)

TCPnet Networking Suite

Fiah File System e m RTX Real-Time OS with Source Code.
;ﬁ m TCP/IP Suite with Server Applications.
Us8 Devicencertace I ¢ ® File System for ROM and Memory Cards.
CAN Interface ® Supports USB Standard Device Drivers. s (e e G e
m CAN Driver with RTOS Interface. devices based on ARM7,ARM9 and Cortex-M3.
Europe: United States: ™
Keil Keil
Bretonischer Ring 15 1501 10th Street, Suite |10 A ®
n ARM® Compan
85630 Grasbrunn Plano, Texas 75074 empany
Germany USA
Phone +49 89 /456040 -0 Phone +1 800 348 8051
Support +49 89 / 45 60 40 - 24 +1972312 1107
FAX +49 89/ 46 81 62 FAX +1972312 1159 Information in this data sheet is subject to change
Email sales.intl@keil.com Email sales.us@keil.com without notice and does not represent a
support.intl@keil.com support.us@keil.com commitment on the part of Keil or ARM.

All brand names or product names are the property of their respective holders. Neither the whole nor any part of the information contained in, or the product described in, this document may be adapted or reproduced in any material form except
with the prior written permission of the copyright holder.The product described in this document is subject to develop and impr All particulars of the product and its use contained in this document are given in good faith.
All warranties implied or expressed, including but not limited to implied warranties of satisfactory quality or fitness for purpose are excluded.This document is intended only to provide information to the reader about the product.To the extent
permitted by local laws ARM shall not be liable for any loss or damage arising from the use of any information in this document or any error or omission in such information.

Program examples and detailed technical information are available from your distributor and our web site (www.keil.com).

www.keil.com
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