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2 Preface

Information in this document is subject to changgeut notice and does not
represent a commitment on the part of the manufacturhe software described
in this document is furnished under license agre¢menondisclosure
agreement and may be used or copied only in accoedaith the terms of the
agreement. It is against the law to copy the safyvon any medium except as
specifically allowed in the license or nondisclesagreement. The purchaser
may make one copy of the software for backup papofNo part of this manual
may be reproduced or transmitted in any form oatny means, electronic or
mechanical, including photocopying, recording,rdormation storage and
retrieval systems, for any purpose other thanHergurchaser’s personal use,
without written permission.

Copyright © 1997-2009 Keil, Tools by ARM, and ARMd.
All rights reserved.

Keil Software and Desidh the Keil Software Logo, pVisiéh RealView,
C51™, C166™, MDK™, RL-ARM™, ULINK, Device Databa$e and
ARTX™ are trademarks or registered trademarks alf, Keols by ARM, and
ARM Ltd.

Microsoff® and Windows™ are trademarks or registered tradeafrMicrosoft
Corporation.

PC® is a registered trademark of International Busiridachines Corporation.

NOTE

This manual assumes that you are familiar with Msaft Windows and the
hardware and instruction set of the ARM7, ARM9,t€c0iVix, C166, XE166,
XC2000, or 8051 microcontroller.

Every effort was made to ensure accuracy in thisuaband to give appropriate
credit to persons, companies, and trademarks refedeherein.
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Preface

This manual is an introduction to the Keil devel@mntools designed for
Cortex-Mx, ARM7, ARM9, C166, XE166, XC2000, and 80microcontrollers.
It introduces the pVision Integrated DevelopmentiEEmment, Simulator, and
Debugger and presents a step-by-step guided tdbe afumerous features and
capabilities the Keil embedded development todisrof

Who should Read this Book

This book is useful for students, beginners, adedrand experienced developers
alike.

Developers are considered experienced or advahteelyihave used pVision
extensively in the past and knowledge exists of ey Vision IDE works and
interacts with the debugger, simulator, and tangetiware. Preferably, these
developers already have a deep understanding obcoictrollers. We
encourage this group of engineers to get familiéin the enhancements
introduced and to explore the latest features irsioq.

Developers are considered students or beginn#drsyfhave no working
experience with pVision. We encourage this groiugewelopers to start by
reading the chapters related to the pVision IDEtanslork through the
examples to get familiar with the interface andfiguration options described.
They should make use of the ample possibilitiestimeilator offers. Later on,
they should continue with the chapters describdmgRTOS and microcontroller
architectures.

However, it is assumed that you have a basic krogeef how to use
microcontrollers and that you are familiar witheavfinstructions or with the
instruction set of your preferred microcontroller.

The chapters of this book can be studied indivigiualnce they do not strictly
depend on each other.
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4 Preface

Chapter Overview

“Chapter 1.Introduction”, provides an overview of product installation and
licensing and shows how to get support for the Keilelopment tools.

“Chapter 2. Microcontroller Architectures”, discusses various microcontroller
architectures supported by the Keil developmenistand assists you in
choosing the microcontroller best suited for yopplecation.

“Chapter 3. Development Toolj, discusses the major features of the pVision
IDE and Debugger, Assembler, Compiler, Linker, atiter development tools.

“Chapter 4. RTX RTOS Kernel”, discusses the benefits of using a Real-Time
Operating System (RTOS) and introduces the feaawasable in Keil RTX
Kernels.

“Chapter 5. Using pVisior?, describes specific features of the pVision user
interface and how to interact with them.

“Chapter 6. Creating Embedded Programs, describes how to create projects,
edit source files, compile, fix syntax errors, @y@herate executable code.

“Chapter 7. Debugging, describes how to use the pVision Simulator antg€t
Debugger to test and validate your embedded pragram

“Chapter 8. Using Target Hardware’, describes how to configure and use
third-party Flash programming utilities and tardevers.

“Chapter 9. Example Programs, describes four example programs and shows
the relevant features of pVision by means of tleesanples.
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Document Conventions

README.TXT! Bold capital text is used to highlight the names of executable programs,
data files, source files, environment variables, and commands that you
can enter at the command prompt. This text usually represents
commands that you must type in literally. For example:

ARMCC.EXE DIR LX51.EXE

Couri er Text in this typeface is used to represent information that is displayed on
the screen or is printed out on the printer

This typeface is also used within the text when discussing or describing
command line items.

Variables Text in italics represents required information that you must provide. For
example, projectfile in a syntax string means that you must supply the
actual project file name

Occasionally, italics are also used to emphasize words in the text.
Elements that repeat...  Ellipses (...) are used to indicate an item that may be repeated

Omitted code Vertical ellipses are used in source code listings to indicate that a
fragment of the program has been omitted. For example:
void main (void) {

while (1);

«Optional ltems» Double brackets indicate optional items in command lines and input
fields. For example:

C51 TEST.C PRINT «filename»

{optl | opt2 } Text contained within braces, separated by a vertical bar represents a
selection of items. The braces enclose all of the choices and the vertical
bars separate the choices. Exactly one item in the list must be selected.

Keys Text in this sans serif typeface represents actual keys on the keyboard.
For example, “Press Enter to continue

Yt is not required to enter commands using all talfitters.
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Chapter 1. Introduction

Thank you for allowing Keil to provide you with $afare development tools for
your embedded microcontroller applications.

This book,Getting Started, describes the pVision IDE, pVision Debugger and
Analysis Tools, the simulation, and debugging aadihg capabilities. In

addition to describing the basic behavior and bssieens of pVision, this book
provides a comprehensive overview of the suppartiedocontroller architecture
types, their advantages and highlights, and supponi in selecting the
appropriate target device. This book incorporatets to help you to write better
code. As with angetting Started book, it does not cover every aspect and the
many available configuration options in detail. Afeourage you to work
through the examples to get familiar with pVisiolddahe components delivered.

The Keil Development Tools are designed for thdgesional software
developer, however programmers of all levels cantiem to get the most out of
the embedded microcontroller architectures thasapported.

Tools developed by Keil endorse the most popularacontrollers and are
distributed in several packages and configuratidapendent on the architecture.

= MDK-ARM : Microcontroller Development Kit, for several ARMARM9,
and Cortex-Mx based devices

= PK166: Keil Professional Developer’s Kit, for C166, XHE,Gand XC2000
devices

=  DK251: Keil 251 Development Tools, for 251 devices
= PK51: Keil 8051 Development Tools, for Classic & Extedd051 devices
In addition to the software packages, Keil offersdety of evaluation boards,

USB-JTAG adapters, emulators, and third-party tostsch completes the range
of products.

The following illustrations show the generic componblocks of pVision in

conjunction with tools provided by Keil, or tool®m other vendors, and the
way the components relate.
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10 Chapter 1. Introduction

Software Development Tools

Like all software based on Keil's pVision IDE,
the toolsets provide a powerful, easy to use and Seftware Development Tools
easy to learn environment for developing .
embedded applications. C/C++ Compiler
9
They include the components you need to create,R™* RTOS Kemel Library || 5
debug, and assemble your C/C++ source files, LVision e
and incorporate simulation for microcontrollers || IDE & Device Database &
and related peripherals. LVision 8
Debugger & Analysis Tools §
The RTX RTOS Kernel helps you to implement — w
complex and time-critical software. Complete Device Simulation
RTOS and Middleware Components
These components are designed to solve T e P
communication and real-time challenges of Components
embedded systems. While it is possible to
implement embedded applications without using R RTOS Source Code
a real-time kernel, a proven kernel saves time and — g
shortens the development cycle. TCPnet Networking Suite |} ‘o
@
This component also includes the source code Flash File System g
files for the operating system. °
USB Device Interface £
&
CAN Interface
Hardware Debug Adapters
The pVision Debugger fully supports several \ i

emulators provided by Keil, and other vendors. _ 2 83
The Keil ULINK USB-JTAG family of adapters /gg SIKEIL  ULINK Pio
con nect the USB port of a PC to the target _ .
hardware. They enable you to download, test,
and debug your embedded application on real
hardware.
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Last-Minute Changes

As with any high-tech product, last minute changéght not be included into
the printed manuals. These last-minute changegmimgncements to the
software and manuals are listed in Release Noteshipped with the product.

Licensing

Each Keil product requires activation through arise code. This code is
obtained via e-mail during the registration proceBlsere are two types of
product licenses:

Single-User Licensas available for all Keil products. A Single-User
License grants the right to use a product on a maxi of two computers to
one user. Each installation requires a license tioat is personalized for the
computer on which the product is installed. A $#Adser license may be
uninstalled and moved to another computer.

Floating-User Licenseis available for many Keil products. The Floating
User license grants the right to use that prodo&everal computers by
several different developers at the same time.h Hestallation of the
product requires an individual license code foheammputer on which the
product is installed.

Installation

Please check the minimum hardware and softwarerssgents that must be
satisfied to ensure that your Keil developmentd@ok installed and will
function properly. Before attempting installatimerify that you have:

A standard PC running Microsoft Windows XP, or Womg Vista
1GB RAM and 500 MB of available hard-disk spaceesommended
1024x768 or higher screen resolution; a mousel@rgiointing device
A CD-ROM drive

Keil products are available on CD-ROM and via davaal fromwww.keil.com.
Updates to the related products are regularly abkslatwww.keil.com/update
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12 Chapter 1. Introduction

Installation using the web download

1. Download the product fromvww.keil.com/demo

2. Run the downloaded executable

3. Follow the instructions displayed by therup program

Installation from CD-ROM

1. Insert the CD-ROM into your CD-ROM drive. The COBRI browser
should start automatically. If it does not, yom cansetup.exe from the
CD-ROM.

Selectinstall Products & Updates from the CD Browser menu

w N

Follow the instructions displayed by therup program

Product Folder Structure

The SeTUP program copies the development tools into subfsld&he base
folder defaults tac:\KEIL\ . The following table lists the default folders fach
microcontroller architecture installation. Adjuke examples used in this
manual to your preferred installation directory@cingly.

MDK-ARM Toolset C:\KEIL\ARM\
C166/XE166/XC2000 Toolset C:\KEIL\C166\
8051 Toolset C:\KEIL\C51\
C251 Toolset C:\KEIL\C251\
pVision Common Files C:\KEIL\UV4\

Each toolset contains several subfolders:

Contents Subfolder

Executable Program Files \BIN\

C Include/Header Files \INC\

On-line Help Files and Release Notes \HLP\
Common/Generic Example Programs \EXAMPLES\
Example Programs for Evaluation Boards \BOARDS\
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Requesting Assistance

At Keil, we are committed to providing you with thest embedded development
tools, documentation, and support. If you havegesgons and comments
regarding any of our products, or you have disceder problem with the
software, please report them to us, and wherecgipé make sure to:

1. Read the section in this manual that pertainsdddbkk you are attempting

2. Check the update section of the Keil web site t@arsure you have the latest
software and utility version

3. Isolate software problems by reducing your codastéew lines as possible

If you are still having difficulties, please reptitem to our technical support
group. Make sure to include your license codef@onduct version number. See
theHelp — About Menu. In addition, we offer the following supparid
information channels, all accessibleaatw.keil.com/support’.

1. TheSupport Knowledgebasas updated daily and includes the latest
questions and answers from the support department

2. TheApplication Notescan help you in mastering complex issues, like
interrupts and memory utilization

3. Check the on-lin®iscussion Forum
4. Request assistance througbntact Technical Support(web-based E-Mail)

5. Finally, you can reach the support department tyreca
support.inti@keil.com or support.us@keil.com

1 You can always get technical support, product tesiaapplication notes, and sample programs
at www.keil.com/support.
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Chapter 2. Microcontroller Architectures

The Keil pVision Integrated Development Environm@riision IDE) supports
three major microcontroller architectures and saostine development of a wide
range of applications.

= 8-bit (classic and extended 805Xevices include an efficient interrupt
system designed for real-time performance andaned in more than 65%
of all 8-bit applications. Over 1000 variants ax&ilable, with peripherals
that include analog I/O, timer/counters, PWM, danterfaces like UART,
I°C, LIN, SPI, USB, CAN, and on-chip RF transmittapporting low-power
wireless applications. Some architecture extelsspoavide up to 16MB
memory with an enriched 16/32-bit instruction set.

The pVision IDE supports the latest trends, liketom chip designs based
on IP cores, which integrate application-specigcipherals on a single chip.

= 16-bit (Infineon C166, XE166, XC2000)devices are tuned for optimum
real-time and interrupt performance and providelaset of on-chip
peripherals closely coupled with the microcontmotlere. They include a
Peripheral Event Controller (similar to memory-temory DMA) for high-
speed data collection with little or no microcoiigooverhead.

These devices are the best choice for applicatemsring extremely fast
responses to external events.

= 32-bit (ARM7 and ARM9 based)devices support complex applications,
which require greater processing power. Thesesqm@vide high-speed 32-
bit arithmetic within a 4GB address space. The(Rilstruction set has
been extended with a Thumb mode for high code tensi

ARM7 and ARM9 devices provide separate stack spiacdsgh-speed
context switching enabling efficient multi-taskingerating systems. Bit-
addressing and dedicated peripheral address spacast supported. Only
two interrupt priority levels, - Interrupt Requébd®Q) and Fast Interrupt
Request (FIQ), are available.
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= 32-bit (Cortex-Mx based)devices combine the cost benefits of 8-bit and
16-bit devices with the flexibility and performanog32-bit devices at
extremely low power consumption. The architectielvers state of the art
implementations for FPGAs and SoCs. With the immpdoThumb2
instruction set, Cortex-Mxbased microcontrollers support a 4GB address
space, provide bit-addressing (bit-banding), ameése interrupts with at
least 8 interrupt priority levels.

Selecting an Architecture

Choosing the optimal device for an embedded apmitcas a complex task. The
Keil Device DatabaseMwvw.keil.com/dd) supports you in selecting the
appropriate architecture and provides three diffiem@ethods for searching. You
can find your device by architecture, by specifyoegtain characteristics of the
microcontroller, or by vendor.

The following sections explain the advantages efdifferent architectures and
provide guidelines for finding the microcontroltbat best fits your embedded
application.

8051 Architecture Advantages

= Fast I/O operations and fast access to on-chip RAd&ta space

= Efficient and flexible interrupt system

= Low-power operation

8051-based devices are typically used in smallraedium sized applications

that require high I/O throughput. Many devicedwiexible peripherals are
available, even in the smallest chip packages.

! Cortex-MO devices implement the Thumb instrucsizm

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/842241/ULINKPRO.html

16 Chapter 2. Microcontroller Architectures

C166, XE166 and XC2000 Architecture Advantages

= Extremely fast I/O operations via the PeripheradiidvController

= High-speed interrupt system with very well-tunedeerals

= Efficient arithmetic and fast memory access

These devices are used in medium to large sizdaappns that require high

I/O throughput. This architecture is well suitedhe needs of embedded
systems that involve a mixture of traditional cofiar code and DSP algorithms.

ARM7 and ARM9 Architecture Advantages

= Huge linear address space
= The 16-bit Thumb instruction set provides high cddasity
= Efficient support for all C integer data types uraihg pointer addressing

ARM7 and ARM9-based microcontrollers are used fipli@ations with large
memory demands and for applications that use P€dbalgorithms.

Cortex-Mx Architecture Advantages

= One instruction set, Thumb2, reduces the complexfithe program code
and eliminates the overhead needed for switchihgdsn ARM and Thumb
instruction mode

= The Nested Vector Interrupt Controller (NVIC) remegvinterrupt prolog and
epilog code, and provides several, configurablerityilevels

= Extremely low power consumption with a variety l&ep modes

The Cortex-Mx microcontroller architecture is desd for hard real-time
systems, but can be used for complex System-on-&ippcations as well.
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Classic and Extended 8051 Devices

8051 devices combine cost-efficient hardware wisimaple but efficient
programming model that uses various memory regimmnsaximize code
efficiency and speed-up memory access. The fatigigure shows the
memory layout of a classic 8051 device.

THFS

98
SFR ¥ 8051 Bit

0x100 sSPACE 90 €<—— addressable

L. we”

OXFFFF

0x0000

256 Bytes

OXFFFF

4 Register

OxO0 Banks 0

2F
DATA 8051
DATA 128 Bitspace
128 ByIES Bytes 2

The 8051 architecture provides three different matsnemory regions:

= DATA/IDATA memory includes a 256 Bytes on-chip RAM with régis
banks and bit-addressable space that is usedsfiovdaable accessing.
Some devices provide an extended dBdATA ) space with up to 64KB.

= CODE memory consists of 64KB ROM space used for prograde and
constants. The Keil linker supports code bankireg allows you to expand
the physical memory space. In extended variapt$o 16MB ROM space is
available.

= XDATA memory has a 64KB RAM space for off-chip peripharad
memory addressing. Today, most devices provideesamrchip RAM that is
mapped intoXDATA..
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SFR andIDATA memory are located in the same address spaceebut a
accessed through different assembler instructions

For extended devices, the memory layout providasiwersal memory map
that includes all 8051-memory types in a single B§ké¢ address region

8051 Highlights

Fast interrupt service routines with two or fouopty levels and up to 32-
vectored interrupts

Four register banks for minimum interrupt prologiegp
Bit-addressable space for efficient logical operagi

128 Bytes of Special Function Register (SFR) spaceght integration of
on-chip peripherals. Some devices extend the $BBesusing paging.

Low-power, high-speed devices up to 100 MIPS aedlavie

8051 Development Tool Support

The Keil C51 Compiler and the Keil Linker/Locataopide optimum 8051
architecture support with the following featuresl &language extensions.

Interrupt functions with register bank support aréten directly in C
Bit and bit-addressable variables for optimal Baaldata type support

Compile-time stack with data overlaying uses diraemory access and
gives high-speed code with little overhead comp&weassembly
programming

Reentrant functions for usage by multiple interroptask threats
Generic and memory-specific pointers provide fleximemory access

Linker Code Packing gives utmost code density logirgy identical program
sequences

Code and Variable Banking expand the physical mgraddress space
Absolute Variable Locating enables peripheral aseesl memory sharing
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8051 Memory Types

A memory type prefix is used to assign a memory tigpan expression with a
constant. This is necessary, for example, whegxaression is used as an
address for the output command. Normally, symbadimes have an assigned
memory type, so that the specification of the mgntygpe can be omitted. The
following memory types are defined:

Prefix Memory Space

Code Memory (CODE)

Internal, direct-addressable RAM memory (DATA)
Internal, indirect-addressable RAM memory (IDATA)
External RAM memory (XDATA)

Bit-addressable RAM memory

Peripheral memory (VTREGD — 80x51 pins)

W Xx =00

The prefixP: is a special case, since it always must be follolyed name. The
name in turn is searched for in a special symbwétthat contains the register’s

pin names.
Example:

C:0x100 Address 0x100 in CODE memory

ACC Address OxEQ in DATA memory, D:

1:100 Address 0x64 in internal RAM

X:0FFFFH Address OxFFFF in external data memory
B:0x7F Bit address 127 or 2FH.7

C Address 0xD7 (PSW.7), memory type B:
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Infineon C166, XE166, XC2000

The 16-bit architecture of these devices is desidgaehigh-speed real-time
applications. It provides up to 16MB memory spaité fast memory areas
mapped into parts of the address space. High+meaioce applications benefit
from locating frequently used variables into thet fmemory areas. The below
listed memory types address the following memogyames:

Memory Type Description

bdata Bit-addressable part of the idata memory.

huge Complete 16MB memory with fast 16-bit address calculation. Object size
limited to 64KB.

idata High speed RAM providing maximum access speed (part of sdata).

near Efficient variable and constant addressing (max. 64KB) with 16-bit pointer and
16-bit address calculation.

sdata System area includes Peripheral Registers and additional on-chip RAM
space.

xhuge Complete 16MB memory with full address calculation for unlimited object size.

C166, XE166, XC2000 Highlights

= Highest-speed interrupt handling with 16 priorgyels and up to 128
vectored interrupts

= Unlimited register banks for minimum interrupt pyglepilog
= Bit instructions and bit-addressable space focidfit logical operations

= ATOMIC instruction sequences are protected frorarimipts without
interrupt enable/disable sequences

= Peripheral Event Controller (PEC) for automatic rogntransfers triggered
by peripheral interrupts. Requires no procesderaction and further
improves interrupt response time.

= Multiply-Accumulate Unit (MAC) provided for high-ggd DSP algorithms
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C166, XE166, XC2000 Development Tool Support

The Keil C166 Compiler supports all C166, XE166,2000 specific features
and provides additional extensions such as:

=  Memory type support and flexible digital patterogessing for extremely
fast variable access

=  Function inlining eliminating call/return overhead

= Inline assembly for accessing all microcontrolled MAC instructions

ARM7 and ARM9 based Microcontrollers

The ARM7 and ARM9 based microcontrollers run onadtstore RISC
architecture with 32-bit registers and fixed op-€dehgth. The architecture
provides a linear 4GB memory address space. Itrasirio the previously
mentioned 8/16-bit devices, no specific memory syaee provided, since
memory addressing is performed via 32-bit poinirermicrocontroller registers.
Peripheral registers are mapped directly into ithesak address space. The
Thumb instruction set improves code density by gliog a compressed 16-bit
instruction subset.

The ARM7 and ARM9 cores are easy to use, cost#fecand support modern
object-oriented programming techniques. They idela 2-level interrupt system
with a normal interrupt (IRQ) and a fast interr@iplQ) vector. To minimize
interrupt overhead, typical ARM7/ARM9 microconte$ provide a vectored
interrupt controller. The microcontroller operatimodes, separate stack spaces,
and Software Interrupt (SVC) features produce iefficuse of Real-Time
Operating Systems.

The ARM7 and ARM9 core provides thirteen generappse registers (RO—
R12), the stack pointer (SP) R13, the link regift®) R14, which holds return
addresses on function calls, the program countey 15, and a program status
register (PSR). Shadow registers, available irouaroperating modes, are
similar to register banks and reduce interrupnieye
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R1
ARM7 and ARM9 Operation Modes
R2
R3 User Normal execution state
FIQ Fast Interrupt mode
5 IRQ Interrupt mode
R5 SVC Supervisor mode (software interrupt)
- UND Undefined instruction execution
ABT Memory access failure
R7
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 = SP R13 = SP R13 = SP R13 = SP R13 =SP R13 =SP
R14 = LR R14 =LR R14 = LR R14 = LR R14 = LR R14 = LR
R15 = PC
’ CPSR ‘ ‘ SPSR ‘ ’ SPSR ‘ ‘ SPSR ‘ ‘ SPSR | ‘ SPSR
User FIQ IRQ SVC ABT UND

ARM7 and ARM9 Highlights

Linear 4 GB memory spacethat includes peripherals and eliminates the
need for specific memory types

Load-store architecture with efficient pointer addressing Fast task
context switch times are achieved with multipleisesy load/store.

Standard (IRQ) and Fast (FIQ) interrupt. Banked microcontroller
registers on FIQ reduce register save/restore eaerh

Vectored Interrupt Controller (available in most microcontrollers)
optimizes multiple interrupt handling

Processor modesvith separate interrupt stacks for predictablelsta
requirements

Compact 16-bit Instruction Set (Thumb) Compared to ARM mode,
Thumb mode code is about 65% of the code size @@%hTaster when
executing from a 16-bit memory system.
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ARM7 and ARM9 Development Tool Support

The ARM compilation tools support all ARM-specifeatures and provide:

= Function Inlining eliminates call/return overhead and optimizes ipatar
passing

= Inline assemblysupports special ARM/Thumb instructions in C/C++
programs

= RAM functions enable high-speed interrupt code and In-SystenhFlas
programming

=  ARM/Thumb interworking provides outstanding code density and
microcontroller performance

= Task function and RTOS supportare built into the C/C++ compiler

Cortex-Mx based Microcontrollers

Designed for the 32-bit microcontroller market, @artex-Mx microcontrollers
combine excellent performance at low gate courtt v@atures only previously
found in high-end processors.

With 4GB of linear, unified memory space, the Ceoifiéx processors provide
bit-banding features and supports big and littldiam configuration. Predefined
memory types are available, while some memory regitave additional
attributes. Code can be located in the SRAM, e=dleRAM, but preferably in
the Code region. Peripheral registers are mappgedhe memory space. Code
density is improved by the Thumb or Thumb2 insinrcset, depending on the
processor version.

General-purpose registers rank from RO to R12. (8F3 is banked, with only
one copy of the R13 (MSP, PSP) being visible @aha.t Special registers are
available, but are not used for normal data pracgssSome of the 16-bit
Thumb instructions can access RO-R7 (low) regisielg. There is no FIQ;
however, nested interrupts and interrupt prioraypdiing is implemented via the
Nested Vector Interrupt Controller (NVIC), greatgducing interrupt latency.
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Cortex Core Register Set

-~
RO

R1

R2

R3
> Low Registers

R4

RS

R6 > General-Purpose Registers

R7

JL

R8

R9

R10 High Registers

R11

R12

_ /
R13 = PSP R13 = MSP Process Stack Pointer (PSP), Main Stack Pointer (MSP): (banked)

R14 =LR Link Register

R15 = PC Program Counter

XPSR Program Status Register

PRIMASK

FAULTMASK Exception Mask Registers Special Registers

BASEPRI

CONTROL Control Registers

Cortex-Mx Highlights
= Nested Vectored Interrupt Controller optimizes multiple external
interrupts (up to 240 + 1 NMI, with at least eighiority levels)

» RO-R3 R12 LR, PSR and PC are pushed automaticallyo the stack at
interrupt entry and popped back at interrupt eaihfs

= Only one instruction set (Thumb?2) assuring software upward
compatibility with the entire ARM roadmap

= Several Extreme Low-Power Modesvith an attached Wake-Up Interrupt
Controller (WIC)
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Cortex-Mx Development Tool Support

In addition to the ARM specific characteristicsg teil MDK-ARM supports the
Cortex-Mx Microcontroller Software Interface Stardti@CMSIS) and provides
the following features:

Core registers and core peripheralare accessible through C/C++
functions

Device independent debug channel for RTOS kernels

Supports object oriented programming reuse of code, and implements an
easy way of porting code to different devices

Extensive debug capabilitiesllowing direct access to memory without
stopping the processor

CMSIS is supported making the software compatible across the Cortex-Mx
architectures

Architecture Comparison Conclusions

The various architectures have pros and cons andgtimal choice depends
highly on the application requirements. The folilegvcode comparison section
provides additional architectural information tlkah help you in selecting the
optimal microcontroller for your target embeddedtsyn.
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Code Comparison

The following short but representative code exasplew the impressive
individual strengths of the different microcontesllarchitectures.

I/O Port Access Comparison

Source Code

Description

if I0_PIN==1) {
i++;

}

Increment a value when an 1/O pin is set.

= 8051devices provide bit-addressable 1/0O Ports andungbns to access
fixed memory locations directly

= (C166, XE166, XC2000devices provide bit-addressable I/O Ports and
instructions to access fixed memory locations diyec

= ARMY7 and ARM9 devices provide indirect memory access instrustion
only. However, there are no bit operations.

= Cortex-Mx devices provide indirect memory access instrustmmly, but
allow atomic bit operations

sfr PO=0x80;
shit PO_0=P0"0;

unsigned char i;
void main (void) {

if (P0_0) {
; JNB P0_0,7C0002

i++;
7 INC i

RET

6 Bytes

C166/XE166 and

XC2000 Code

sfr POL=0xFFOO;
shit PO_0=POL"0;

unsigned int i;
void main (void) {

if (PO_0) {
: JNB P0_0,7C0001

i++;
; SUB i,ONES

}

; RET
}

‘ 10 Bytes
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ARM7 and ARM9
Thumb Code

#define IOP *(int*))

unsigned int i;

void main (void) {

if IOP & 1) {

; LDR R0,=0xE0028000
; LDR RO,[RO,#0x0]

; MOV R1,#0x1

; TST RO,R1

;BEQL_1

i++;

; LDR RO,=i ;i

; LDR R1,[RO,#0x0];i
; ADD R1,#0x1

; STR R1,[RO,#0x0];i
}

; BX LR
}

‘ 24 Bytes

Cortex-Mx
Thumb2 Code

unsigned int i;

void main (void) {
if (GPIOA->ODR) {
; STR RO,[R1,#0xc]
; LDR RO,[R2,#0]
; CBZ RO,|L1.242]|

i++;

; MOVS RO,#2

; STR RO,[R1,#0xc]
;|L1.242|

}

;BX LR
}

12 Bytes
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Pointer Access Comparison

Source Code Description
typedef struct { int x; int arr[10]; } sx; Return a value that is part of a struct and
T et s ) indirectly accessed via pointer.

return sp->arr[i];

= 8051devices provide byte arithmetic requiring sevemedrocontroller
instructions for address calculation

= (166 XE166, XC2000devices provide efficient address arithmetic with
direct support of a large 16 MByte address space

= ARM devices are extremely efficient with regard tonpei addressing and
always use the 32-bit addressing mode

= |n Cortex-Mx devices, any register can be used as a pointet#o d
structures and arrays

C166, XE166, ARM 7 and ARM9 Cortex-Mx

XC2000 Code Thumb Code Thumb2 Code

MOV DPL,R7 MOV R4,R10 LSL RO,R1#0x2 ADD RO,RO,R1,LSL #2
MOV DPH,R6 SHL R4 #01H ADD RO,R2,RO0 LDR RO,[RO,#4]

MOV AR5 ADD RA4,R8 LDR RO,[RO,#0x4]
ADD AACC EXTS R9,#01H
MOV R7.A MOV R4,[R4+#2]
MOV A,R4
RLC A

MOV R6,A
INC DPTR

INC DPTR
MOV A,DPL
ADD AR7
MOV DPL,A
MOV A,DPH
ADDC AR6
MOV DPH,A
MOVX A @DPTR
MOV R6,A
INC DPTR
MOVX A,@DPTR
MOV R7,A

25 Bytes 14 Bytes 6 Bytes 6-Bytes
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Generating Optimum Code

The C/C++ compilers provided by Keil are leadersade generation and
produce highly efficient code. However, code gatien and translation is
influenced by the way the application software igten. The following hints
will help you optimize your application performance

Coding Hints for All Architectures

Hint Description

Keep interrupt functions short. ~ Well-structured interrupt functions only perform data collection
and/or time-keeping. Data processing is done in the main
function or by RTOS task functions. This reduces overhead
involved with context save/restore of interrupt functions.

Check the requirement for Atomic code is required for accessing data while using multiple

atomic operations . RTOS threads or interrupt routines that access the memory
used by the main function. Carefully check the application to
determine if atomic operations are needed and verify the
generated code. The various architectures have different
pitfalls. For example, incrementing a variable on the 8051 and
C166/XE166/XC2000 device is a single, atomic instruction,
since it cannot be interrupted, whereas multiple instructions are
required for an increment on ARM devices. In contrast, the
8051 requires multiple instructions to access the memory of an
int variable.

Apply the volatile attribute on The volatile attribute prevents the C/C++ compiler from

variables that are modified by an  optimizing variable access. By default, a C/C++ Compiler may

interrupt, hardware peripherals,  assume that a variable value will remain unchanged between

or other RTOS tasks. several memory-read operations. This may yield incorrect
application behavior in real-time applications.

When possible, use automatic As part of the optimization process, the Keil C/C++ compiler

variables for loops and other attempts to maintain local variables (defined at function level) in

temporary calculations. CPU registers. Register access is the fastest type of memory
access and requires the least program code.
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Coding Hints for the 8051 Architecture

Hint Description

Use the smallest possible data The 8051 uses an 8-bit CPU with extensive bit support. Most

type for variables. Favor instructions operate on 8-bit values or bits. Consequently, small

unsigned char and bit. data types generate code that is more efficient.

Use unsigned data types The 8051 has no direct support for signed data types. Signed

whenever possible. operations require additional instructions whereas unsigned
data types are directly supported by the architecture.

Favor the SMALL memory Most applications may be written using the SMALL memory

model. model. You can locate large objects, as arrays or structures,

into xdata or pdata memory using explicit memory types. Note,
the Keil C51 run-time library uses generic pointers and can work
with any memory type.

When using other memory Variables in the data address space are directly accessed by an
models, apply the memory type  8-bit address that is encoded into the 8051 instruction set. This
data to frequently used memory type generates the most efficient code.

variables.

Learn how to use pdata memory The pdata memory provides efficient access to 256 bytes using

type on your device. MOVX @RI instructions with 8-bit addressing. However, pdata
behaves differently on the various 8051 devices, since it may
require setting up a paging register. The xdata memory type is
generic and accesses large memory spaces (up to 64KB).

Use memory-typed pointers By default, the Keil C51 Compiler uses generic pointers that

when possible. may access any memory type. Memory-typed pointers can
access only a fixed memory space, but generate faster and
smaller code.

Reduce the usage of Reentrant  The 8051 lacks support for stack variables. Reentrant functions

Functions . are implemented by the Keil C51 Compiler using a compile-time
stack with data overlaying for maximum memory utilization.
Reentrant functions on the 8051 require simulation of the stack
architecture. Since reentrant code is rarely needed in
embedded applications, you should minimize the usage of the
reentrant attributes.

Use the LX51 Linker/Locater The extended LX51 Linker/Locator (available only in the PK51
and Linker Code Packing to Professional Developer’s Kit) analyzes and optimizes your
reduce program size. entire program. Code is reordered in memory to maximize 2-

byte AJMP and ACALL instructions (instead of 3-byte LIMP
and LCALL ). Linker Code Packing (enabled in C51
OPTIMIZE level 8 and above) generates subroutines for
common code blocks.
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Coding Hints for C166, XE166, XC2000 Architectures

Hint Description

When possible, use 16-bit data Parameter passing is performed in 16-bit CPU registers (many

types for automatic and 16-bit registers are available for automatic variables). More 16-

parameter variables. bit variables (signed/unsigned int/short ) can be assigned to
CPU registers. This generates code that is more efficient.

Replace long with int data types Operations that use 16-bit types (like int and unsigned int ) are

when possible. much more efficient than operations using long types.

Use the bit data type for boolean These CPUs have efficient bit instructions that are fully
variables. supported by the Keil C166 Compiler with the bit data type.
Use the SMALL or MEDIUM In these memory models, the default location of a variable is in
memory model when possible. near memory, accessible through16-bit direct addresses

encoded in the CPU instructions. You can locate large objects
(array or struct) into huge or xhuge using explicit memory

types.
When using other memory Variables in the near, idata, or sdata address space are

models, apply the near, idata, or accessed through a 16-bit address that is encoded directly into
sdata memory type to frequently a single C166/XE166/XC2000 instruction. These memory types

used variables. generate the most efficient code.

Use the memory model The memory models COMPACT and LARGE use the obsolete
HCOMPACT/HLARGE instead far memory type and have an object size limit of 16KB. The
of COMPACT/LARGE. memory models HCOMACT and HLARGE use the huge

memory type that feature a 64KB object size limit. Even cast
operations from near to huge pointers are more optimal.

Use near pointers when Check if a near pointer is sufficient for accessing the memaory,

possible. since near pointers can access variables in the near, idata, or
sdata address space. Near pointers generate faster and
smaller code.
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Coding Hints for the ARM7 and ARM9 Architecture

Hint Description

When possible, use 32-bit
data types for automatic and
parameter variables.

Use the Thumb instruction
set.

Use __ swi software interrupt
functions for atomic
sequences.

Enhance st r uct pointer
access by placing scalars at
the beginning and arrays as
subsequent struct

members.

Assign high speed interrupt
code to RAM.

Optimize for Size

MicroLIB

Optimize for Speed

Parameter passing is performed in 32-bit CPU registers. All ARM
instructions operate on 32-bit values. In Thumb mode, all stack
instructions operate only on 32-bit values. By using 32-bit data
types (signed/unsigned int/long ), additional data type cast
operations are eliminated.

Thumb mode is about 65% of the code size and 160% faster than
ARM mode when executing from a 16-bit memory system. The
MDK-ARM Compiler automatically inserts required ARM / Thumb
interworking instructions.

Via the __swi function attribute, the MDK-ARM Compiler offers a
method to generate software interrupt functions directly, which
cannot be interrupted by IRQ (__swi functions can be interrupted
by FIQ interrupts). In contrast to other embedded architectures,
ARM prevents access to the interrupt disable bits | and F in User
mode.

Thumb and ARM instructions encode a limited displacement for
memory access. When a st r uct is accessed via a pointer, scalar
variables at the beginning of a st r uct can be accessed directly.
Arrays always require address calculation. Consequently, it is
more efficient to place scalar variables at the beginning of a
struct.

Code executed from Flash ROM typically requires wait states or
CPU stalls. Code execution from RAM does not. Consequently,
time critical functions (like high-speed interrupt code) can be
located in RAM directly using the Memory Assignment feature in
Options for File — Properties  available via the Context Menu of
that file.

To optimize an application for minimal program size select under

Options for Target the following toolchain:

= In the dialog page Target enable Code Generation - Use
Cross-Module Optimization

= In the dialog page C/C++ select Optimization: Level 2 (-O2)
and disable the options Optimize for Time , Split Load and
Store Multiple , and One ELF Section per Function

The compiler offers a MicroLIB to be used for further reducing the
code size of an application. MicroLIB is tailored for deeply
embedded systems, but is not fully ANSI compliant.

Do not use MicroLIB when execution speed is your primary goal.
To optimize an application for maximum execution speed, under
Options for Target select the following toolchain:

= In the dialog pageTarget enable Code Generation - Use
Cross-Module Optimization

= In the dialog page C/C++ select Optimization: Level 3 (-O3),
enable Optimize for Time , and disable Split Load and Store
Multiple
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Coding Hints for the Cortex-Mx Architecture

Hint Description

When possible, use 32-bit Parameter passing is performed in 32-bit CPU registers. All ARM

data types for automatic instructions operate on 32-bit values. In Thumb mode, all stack

and parameter variables. instructions operate only on 32-bit values. By using 32-bit data types
(signed/unsigned int/long ), additional data type cast operations are
eliminated.

Optimize for Size To optimize an application for minimal program size select under

Options for Target the following toolchain:

= In the dialog page Target enable Code Generation - Use Cross-
Module Optimization

= Inthe dialog page C/C++ select Optimization: Level 2 (-O2) and
disable the options Optimize for Time , Split Load and Store
Multiple , and One ELF Section per Function

MicroLIB The compiler offers a MicroLIB to be used for further reducing the
code size of an application. MicroLIB is tailored for deeply
embedded systems, but is not fully ANSI compliant.

Do not use MicroLIB when execution speed is your primary goal.

Optimize for Speed To optimize an application for maximum execution speed, under
Options for Target select the following toolchain:
= Inthe dialog pageTarget enable Code Generation - Use Cross-
Module Optimization

= In the dialog page C/C++ select Optimization: Level 3 (-O3),
enable Optimize for Time , and disable Split Load and Store
Multiple

Sleep mode features To optimize power consumption of an application you may use the
WFI instruction to send the processor into Sleep Mode until the next
interrupt is received. In C programs, use the intrinsic function __ wfi()
to insert this instruction into your code.

Enhance st r uct pointer Thumb2 instructions encode a limited displacement for memory
access, by placing scalars  access. When a st r uct is accessed via a pointer, scalar variables

at the beginning and at the beginning of a st r uct can be directly accessed. Arrays
arrays as sub-sequent always require address calculations. Therefore, it is more efficient to
struct members. place scalar variables at the beginning of a st r uct .
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Chapter 3. Development Tools

The Keil development tools offer numerous featames advantages that help
you to develop embedded applications quickly aratessfully. They are easy
to use and are guaranteed to help you achievedgsign goals in a timely
manner.

Software Development Cycle

When using the Keil tools, the project developnwiie is similar to any other
software development project.

1. Create a project, select the target device from wVision IDE_
the Device Data base, and configure the too| ™eerated Pevelopment Environment
Settings uVision Project Manager

2. Create your source files in C/C++ or v V.
Assembly ‘ C/C++ Comp|ler ’ Macro Assembler ‘

3. Build your application with the Project [
Manager

Linker / Locator

4. Debug and correct errors in source files, verify ||

and optimize your application ‘ Vision Debugger ‘
5. Download your code to Flash ROM or SRAM L L
and teSt the ||nked application ‘ Device Simulation ‘ ’ Target Hardware ‘

Each component shown in the block diagram is desdrin the following
section.
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uVision IDE

The pVision IDE is a window-based software develephplatform combining a
robust editor, Project Manager, and Make Utilitgltou Vision supports all the
Keil tools including C/C++ Compiler, Macro Assemblkeinker, Library
Manager, and Object-HEX Converter. pVision helgseelite the development
process by providing:

= Device Databasdor selecting a device and configuring the develept
tools for that particular microcontroller
= Project Manager to create and maintain projects

= Make Utility for assembling, compiling, and linking your embedd
applications

» Full-featured source code editor

= Template Editor that is used to insert common text sequencesautdne
blocks

= Source Browserfor rapidly exploring code objects, locating améigzing
data in your application

= Function Browser for quickly navigating between functions in your
program

= Function Outlining for controlling the visual scopéhin a source file

=  Built-in utilities, such a$ind in Files and functions for commenting and
uncommenting source code

= pVisionSimulator andTarget Debugge are fully integrated

= Configuration Wizard providing graphical editing for microcontroller
startup code and configuration files

= Interface to configur&oftware Version Control Systemsand third-party
utilities

= Flash Programming Ultilities, such as the family of Keil ULINK USB-
JTAG Adapters

= Dialogsfor all development tool settings

= On-line Help and links to microcontroller data sheets and gsétes
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uVision Device Database

The pVision Device Database offers a convenient twaelect and configure
your device and project parameters. It includes@nfigured settings, so that
you can fully concentrate on your application regurents. In addition, you can
add your own devices, or change existing settingse the features of the Device
Database to:

= |nitialize the start up code and device settings

= Load the configuration options for the assemblemggiler, and linker

= You can add and change microcontroller configurasiettings

uVision Debugger

The pVision Debugger is completely integrated ihi® pVision IDE. It
provides the following features:

= Disassemblyof the code on C/C++ source- or assembly-levdt wibgram
execution in varioustepping modesand variouview modes like
assembler, text, or mixed mode

= Multiple breakpoint options including access and complex breakpoints
= Bookmarks to quickly find and define your critical spots

= Reviewandmodify memory, variable, and register values

= List theprogram call tree including stack variables

= Reviewthe status of on-chip microcontrolleeripherals

= Debugging commandsr C-like scripting functions

= Execution Profiling to record and display the time consumed, as \gdtha
cycles needed for each instruction

= Code Coveragestatistics foisafety-critical applicationtesting

= Variousanalyzing toolsto view statistics, record values of variables and
peripheral I/O signals, and to display them omeetaxis

= [nstruction Trace capabilities to view thaistory of executed instructions

= Definepersonalizedscreen and windovayouts
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The pVision Debugger offers two operating modé&srulator Mode and
Target Mode.

Simulator Mode configures the pVision Debugger asadtware-only product
that accurately simulates target systems inclugtisfyuctions and most on-chip
peripherals. In this mode, you can test your appbbn code before any
hardware is available. It gives you serious bésédir rapid development of
reliable embedded software. The Simulator Modersff

= Software testing on your desktop with no hardwargrenment

= Early software debugging on a functional basis maps software reliability
= Breakpoints that are impossible with hardware dgbtsy

=  Optimal input signals. Hardware debuggers adchextise

= Single-stepping through signal processing algoritisrpossible. External
signals are stopped when the microcontroller halts.

= Detection of failure scenarios that would destregl hardware peripherals
Target Mode' connects the pVision Debuggerr&al hardware Several target
drivers are available that interface to a:

=  ULINK JTAG/OCDS Adapter that connects to on-chip debugging systems

= Monitor that may be integrated with user hardware orithavailable on
many evaluation boards

= Emulator that connects to the microcontroller pins of tgét hardware

= |n-System Debuggeitthat is part of the user application program and
provides basic test functions

= ULINK Pro Adapter a high-speed debug and trace unit connecting to
on-chip debugging systems via JTAG/SWD/SWV, anénaffy Cortex-M3
ETM Instruction Trace capabilities

! Some target drivers have hardware restrictiong timait or eliminate features of the pVision
Debugger while debugging the target hardware.
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Assembler

An assembler allows you to write programs usingragontroller instructions. It
is used where utmost speed, small code size, aaxd bardware control is
essential. The Keil Assemblers translate symkadsembler language
mnemonics into executable machine code while suimgosource-level
symbolic debugging. In addition, they offer powtidapabilities like macro
processing.

The assembler translates assembly source filesadtuatable object modules
and can optionally create listing files with symbaible and cross-reference
details. Complete line number, symbol, and typermation is written to the
generated object files. This information enabfesdebugger to display the
program variables exactly. Line numbers are useddurce-level debugging
with the pVision Debugger or other third-party dggung tools.

Keil assemblers support several different typesi@tro processors (depending
on architecture):

= TheStandard Macro Processoris the easier macro processor to use. It
allows you to define and use macros in your assgproigrams using syntax
that is compatible with that used in many otheeassers.

= TheMacro Processing Language or MPLis a string replacement facility
that is compatible with the Intel ASM-51 macro pFssor. MPL has several
predefined macro processor functions that perfaseful operations like
string manipulation and number processing.

Macros save development and maintenance time, soroenonly used
sequences need to be developed once only.

Another powerful feature of the assembler's macoz@ssor is the conditional
assembly capability. You can invoke conditionaessbly through command

line directives or symbols in your assembly progradonditional assembly of
code sections can help achieve the most compaetmassible. It also allows

you to generate different applications from a fragsembly source file.
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C/C++ Compiler

The ARM C/C++ compiler is designed to generate &ast compact code for the
ARM7, ARM9 and Cortex-Mx processor architecturebjleithe Keil ANSI C
compilers target the 8051, C166, XE166, and XC2f1@bitectures. They can
generate object code that matches the efficiendyspred of assembly
programming. Using a high-level language like Cf@ffers many advantages
over assembly language programming:

= Knowledge of the processor instruction set is equired. Rudimentary
knowledge of the microcontroller architecture isidable, but not necessary.

= Details, like register allocation, addressing @& #arious memory types, and
addressing data types, are managed by the compiler

=  Programs receive a formal structure (imposed byoil@e++ programming
language) and can be split into distinct functiofifis contributes to source
code reusability as well as a better applicatiouncstire.

= Keywords and operational functions that resemb#entiman thought
process may be used

= Software development time and debugging time apifstantly reduced

= You can use the standard routines from the run-lionary such as
formatted output, numeric conversions, and floapo@t arithmetic

= Through modular programming techniques, existirgg@m components
can be integrated easily into new programs

= The C/C++ language is portable (based on the Akidard), enjoys wide
and popular support, and is easily obtained fortregstems. EXxisting
program code can be adapted quickly and as need#tdr processors.

Object-HEX Converter

The object-hex converter creates Intel HEX filegrirabsolute object modules
that have been created by the linker. Intel HEeSfare ASCII files containing a
hexadecimal representation of your application oy They are loaded easily
into a device program for writing to ROM, EPROM,A%H, or other
programmable memory. Intel HEX files can be malajad easily to include
checksum or CRC data.
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Linker/Locator

The linker/locator combines object modules intangle, executable program. It
resolves external and public references and asalgg@ute addresses to re-
locatable program segments. The linker includesfspropriate run-time library
modules automatically and processes the object lesdveated by the Compiler
and Assembler. You can invoke the linker from¢bexmand line or from

within the pVision IDE. To accommodate most apgiens, the default linker
directives have been chosen carefully and neediditi@nal options. However,
it is easy to specify additional custom settingsaioy application.

Library Manager

The library manager creates and maintains librariedject modules (created by
the C/C++ Compiler and Assembler). Library filesypde a convenient way to
combine and reference a large number of modulesrtag be used by the linker.

The linker includes libraries to resolve exterraliables and functions used in
applications. Modules from libraries are extracded added to programs only if
required. Modules, containing routines that areimeoked by your program
specifically, are not included in the final outp@bject modules extracted by the
linker from a library are processed exactly likeastobject modules.

There are a number of advantages to using librasesurity, speed, and
minimized disk space are only a few. Librariesvite a vehicle for distributing
large numbers of functions and routines withoutritigting the original source
code. For example, the ANSI C library is suppbesda set of library files.

You can build library files (instead of executaptegrams) using the pVision
Project Manager. To do so, check theéreate Library check box in the
Options for Target — Output dialog. Alternatively, you may invoke the
library manager from th€Eommand Window.
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Chapter 4. RTX RTOS Kernel

This chapter discusses the benefits of using a Rea Operating System
(RTOS) and introduces the features available ih REX Kernels. Note that the
Keil development tools are compatible with manyd¥party RTOS solutions.
You are not bound to use Keil RTX; however, the RRetnels are well
integrated into the development tools and are feaiah, and well tailored
towards the requirements of deeply embedded systems

Software Concepts

There are two basic design concepts for embeddgdatons:

= Endless Loop Designthis design involves running the program as an
endless loop. Program functions (tasks) are céited within the loop,
while interrupt service routines (ISRs) performeharitical jobs including
some data processing.

= RTOS Design:this design involves running several tasks witReal-Time
Operating System (RTOS) The RTOS provides inter-task communication
and time management functions. A preemptive RT&lBges the
complexity of interrupt functions, since time-aral data processing is
performed in high-priority tasks.

Endless Loop Design

Running an embedded program in an endless loapaslequate solution for
simple embedded applications. Time-critical fuoies, typically triggered by
hardware interrupts, are executed in an ISR tlsat @érforms any required data
processing. The main loop contains only basicatpmrs that are not time-
critical, but which are executed in the background.

This software concept requires only one stack anelis very well suited for
devices with limited memory. Architectures thabyde several interrupt levels
allow complex low-level ISR functions. Time-crigiigobs may execute in higher
interrupt levels.
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ISR

level 2

o =

ISR - -

level 0

Main | v:| Tj

» Time

8051, C166/XE166/XC2000, and ARM Cortex-Mx microtoiiers provide
several interrupt levels. Higher-level interruptay halt lower-level interrupts,
or the main function.

It is impossible to suspend the execution of andéQ&ept through higher priority
interrupts. Therefore, the timing of a system watAny complex ISR levels is
unpredictable, since high priority interrupts make up most of the CPU time.

Another challenge is to determine the worst-casekstesting. Applications
with complex ISR designs can have unnoticed stas&urce issues, which may
cause sporadic execution faults. Note, that thiAdRchitecture provides an
extra stack for ISR that avoids stack memory ssgsrduring the main loop
execution.

RTOS Design

The RTOS design, due to its very nature, allowessd\asks to execute within
sequential time slices. A preemptive RTOS providsk priority levels, in
which high priority tasks interrupt the executidriaw priority tasks. Most
RTOS systems offer inter-task communication ane tilmlay functions
supporting the design of complex applications.

The ARM based architectures are designed for RT€a8a1 An RTOS is almost
mandatory on ARM7, ARM9, and Cortex-Mx based systémat have several
interrupt sources. ARM devices provide a sepd&®Restack, and hence, each
task needs no additional stack for ISR executisréguired on 8051 and
C166/XE166/XC2000 devices).
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ISR
level 1 {
ISR

level 0

Tasks -
Priority 2

Tasks
Priority 1

A

Tasks :lj J

Priority 0

» Time

A preemptive RTOS supports multiple task prioritid@asks with the same
priority are executed in sequence; tasks with adrigriority suspend tasks with

a lower priority. An ISR always interrupts taskeextion and may exchange data
with other tasks.

The RTOS also solves many other challenges spégiBmbedded applications.
It helps you to maintain memory resources and datamunication facilities,
and allows you to split a complex application isimpler jobs.

Keil provides several different RTOS systems fa ¥arious microcontroller
architectures:

= RTX51 Tiny andRTX166 Tiny (for 8051 and C166/XE166/XC2000) is a
non-preemptive RTOS and uses a special stack sagpgxhnique designed
for devices with limited RAM

= RTX (for ARM7/ARM9 and Cortex-Mx) andRTX166 (for
C166/XE166/XC2000) are preemptive RTOS kernelsrivffetask priority
levels. These kernels support message passingS®h and implement
functions with thread-safe memory block allocat@om deterministic
execution times. An ISR may collect data into ragesbuffers and send
messages to a high priority task, which subsequeetiforms complex data
processing. The ISR remains short and simple.

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/842241/ULINKPRO.html

Getting Started: Creating Applications with pVision 43

RTX Introduction

Many microcontroller applications require simultans execution of multiple
jobs or tasks. For such applications, an RTOSwallikexible scheduling of
system resources (CPU, memory, etc.) to severkd.tas

With RTX, you write and compile programs using stam C. Only a few
deviations from standard C are required in ordespecify the task ID and
priority. RTX-166 programs require the inclusidrtlee RTX166.H or
RTX166T.H header file also. RTX_CONFIG.C is regdion ARM devices.
By selecting the operating system through the di@lptions for Target —
Target, the linker, L166, included in pVision, links thppropriate RTX-166
library file.

Single Task Program

A standard C program starts execution withrttenfunction. In an embedded
application, themainfunction is usually coded as an endless loop andoe
thought of as a single task that is executed coatisly. For example:

int counter;

main (void) {

counter = 0;
while (1) { Il rep eat forever
counter++; /l'inc rement counter

}
}

Round-Robin Task Switching

Round-Robin task switching allows a quasi-parafiehultaneous execution of
several tasks. Each task is executed for a prestepperiod. A timeout suspends
the execution of a task and causes another tadsk $tarted. The following
example uses this round-robin task switching tespimi

Program execution starts wiflob0, as an RTOS task function. The RTX
function os_tsk createmarks jobl as ready for execution. The task functions
jobOand jobl are simple counting loops. After its time slot bagn consumed,
RTX suspends the execution mb0 and begins execution gbbl. As soon as
its time slot is consumed, the system continuels yabO.
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Simple RTX Program using Round-Robin Task Switching

int counterO;
int counterl;

__task ! void jobO (void) {

0s_tsk_create (job1, 1); /I star tjob 1
while (1) { /I end less loop
counterO++; /I Inc rement counter 0
}
}
__task void job1l (void) {
while (1) { /l End less loop
counterl++; /I Inc rement counter 1
}
}
main (void) { /I the main function
0S_sys_init (job0); /I sta rts only job 0O

}

The Wait Functions

The RTX kernels providavait’ functions that suspend the execution of the
current task function and wait for the specifieémtv During that time, a task
waits for an event, while the CPU can execute amk functions.

Wait for Time Delay

RTX uses a hardware timer of the microcontrollerickeeto generate periodic
interrupts (timer ticks). The simplest event tin@e delay through which the
currently executing task is interrupted for a spedinumber of timer ticks.

This following program is similar to the previousaenple with the exception that
job0 is suspended witlos_dly wait after counterO has been incremented.
RTX waits three timer ticks untijobO is ready for execution again. During this
time, jobl is executed. This function also catkss_dly waitwith 5 ticks time
delay. The resultcounterQ is incremented every three ticks andunterlis
incremented every five timer ticks.

! For non-ARM devices the syntax is: void jobO (voidjask {...}.
2 Within RTX Tiny time delays are created with the function os_\{itfTMO, ...).
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Program with Wait for Time Delay

int counterO;
int counterl;

__task void job0 (void) {

0s_tsk_create (jobl, 1); /I start
while (1) {
counterO++; /I Incr
os_dly_wait (3); Il Wait
}
__task void job1 (void) {
while (1) {
counterl++; Il Incr
os_dly_wait (5); /I Wait
}
}

Wait for Event Flags

job 1

ement counter O
3 timer ticks

ement counter 1
5 timer ticks

Event flags are used for task coordination, that imsk waiting for another task
to raise an event flag. If an event flag was setipusly, the task continues its

execution.

Program with Wait for Event Flag
(job1 waits for jobO and counts overflow oi0)

long i0, save_iO, i1;
OS_TID id1; /l task |

__task void jobO (void) {

id1l = os_tsk_create (jobl, 1); /I start |
while (1) {
i0++;
if (0 > 1000000) { /l when
i0 =0; /I clear
0s_evt_set (1, id1); /] sete
}
}
}
__task void job1 (void) {
while (1) {
0s_evt_wait_or (1, 0xffff); I/l wait
save_i0 =i0; /I save
i1; /I count
}
}
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Preemptive Task Switching

Tasks with the same priorityexample above) need a round-robin timeout or an
explicit call to a RTXwait function to execute other tasks. Therefore, & th
example above, the value shve_i0is not zero, as you might have expected. If
jobl has a higher task priority thgob0, execution ofjobl starts instantly and
the value ofsave_iOwill be zero.jobl preempts execution gbb0 (thisis a

very fast task switch requiring a few ms only).

Start jobl with Higher Task Priority

_task void job0 (void) {
id1l = os_tsk_create (jobl, 2); /I start job 1 with priority 2

1 RTX Tiny does not offer task priorities. Inste&®TX Tiny has one event flag per task, called
signal, and uses the function os_wait (K_SIG, ..wWad for this signal flag.
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Mailbox Communication

A mailbox is a FIFO (first in — first out) buffeof transferring messages between
task functions. Mailbox functions accept pointalues, typically referencing
memory buffers. However, by using appropriate tyggts, you may pass any
integer 32-bit data type.

Program with Mailbox Communication®

os_mbx_declare(v_mail, 20); /I mailb ox with 20 entries

__task void jobO (void) {

inti, res;
0s_mbx_init (v_mail, sizeof (v_mail)); // creat e mailbox first
os_tsk_create (job1, 2); /I befor e waiting tasks
for (1=0;i<30;) { /l send 30 mail
res = 0os_mbx_send (v_mail, (void *) i, 1000);
if (res == OS_R_OK) i++; /I check that mail send OK
os_tsk_delete_self (); /I when done delete own task
}
__task void jobl (void) {
intv, res;
while (1) {
res = 0os_mbx_wait (v_mail, (void **) &v, OXFFFF ); /I receive malil
if res== OS_R_OK || s == OS_R_MBX) { /I check status
printf ("\nReceived v=%d res=%d", v, res); /I use when correct
}
}

The taskjobO uses a mailbox to send informationjabl. Whenjobl runs
with a higher priority tharjobO, the mail is instantly delivered. The mailbox
buffers up to 20 messages whgtl runs with the same or lower priority than
jobO.

The os_mbx_sendind os_mbx_waitfunctions provide a timeout value that
allows function termination when no mail can beagkd within the timeout
period.

1 When creating high-priority tasks using a mailbmitialize the mailbox before it might be used
by a high-priority task.
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Semaphores

Semaphores are utilized to synchronize tasks wéhiapplication. Although
they have a simple set of calls to the operatirsgesy, they are the classic
solution in preventing race conditions. Howevkeytdo not resolve resource
deadlocks. RTX ensures that atomic operations wihdsemaphores are not
interrupted.

Binary Semaphores

Synchronizing two tasks is the simplest use casesaimaphore:

0S_sem semA; /I dec lare the semaphore

__task void jobO0 (void) {
0s_sem_init(semA, 0);

while(1) {
do_func_A();
0s_sem_send(semA); Il fre e the semaphore

}
}

__task void job1 (void) {
while(1) {
o0s_sem_wait(semA, OxFFFF); /I wai t for the semaphore

do_func_B();

}

In this case the semaphore is used to ensure doaitgon of do_func_A() prior
to executingdo_func_B()
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Counting Semaphores (Multiplex)

Use a multiplex to limit the number of tasks tham @ccess a critical section of
code. For example, a routine to access memory reseand that supports a
limited number of calls only.

0s_sem mplxSema; /I declar e the semaphore

__task void job0 (void) {

0s_sem_init (mplxSema, 5); Il init semaphore with 5 tokens
while(1) {
0s_sem_wait (mplxSema); /[ acqui re a token
processBuffer();
os_sem_send (mplxSema); Il free the token

}
}

In this example, we initialize the multiplex semapdwith five tokens. Before a
task can callprocessBuffer()it must acquire a semaphore token. Once the
function has completed, it returns the token tosimaphore. If more than five
calls attempt to invokeorocessBuffer()the sixth must wait until one of the five
running tasks returns its token. Thus, the m@i@emaphore ensures that a
maximum of five calls can usprocessBuffer()simultaneously.

Interrupt Service Routines

An interrupt is an asynchronous signal from thelivare or software that forces
the microcontroller to save the execution stateertupts trigger a context
switch to an interrupt handler. Software intersugte implemented as
instructions in the instruction set of the microcoher and work similar to
hardware interrupts. Interrupts can be classkdied:

= Maskable interrupt (IRQ) — a hardware interrupt tten be ignored by
setting a bit in a bit-mask

= Non-maskable interrupt (NMI) — a hardware interrilatt cannot be
configured and thus cannot be ignored

= Software interrupt — generated within a procesgaexdecuting an instruction
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RTX ensures that interrupts execute correctly aaglds the machine in a well-
defined state. Interrupt service routines, alsmkmas interrupt handlers, are
used to service hardware devices and transitiogele@ operation modes, such
as system calls, system timers, disk I/O, poweradgy keystrokes, watchdogs;
other interrupts transfer data using UART or Etkérn

Hints for working with interrupt functions in RTX:

= Functions that begin witbs can be called from a task but not from an
interrupt service routine

= Functions that begin wittsr _ can be called from aiRRQ interrupt service
routine but not from a task. Never use them fFi@.

= Never enable anfRQ interrupt that callssr_ functions before the kernel has
been started

= Avoid nestingIRQ functions on ARM7/ARM9 targets
= Use shortRQ functions to send signals and messages to RT@S tas

= Interrupt functions are added to applications #maesway as in non-RTX
projects

= By default, interrupts are globally enabled attsiar

Another important concept is the interrupt latenelgich is defined as the period
between the generation and servicing of that inferr This is especially
important in systems that need to control machinergal time, and therefore
require low interrupt latency. RTX ensures thatbroutine will finish its
execution in an agreed maximum length of time &ad the interrupt latency
does not exceed a predefined maximum length of. time

The general logic of an ISR looks like the follogricode example. The interrupt
function extO_int sends an event tprocess_taskand exits. The task
process_taskprocesses the external interrupt event. Indk@nple,
process_taskis simple and only counts the number of intereygnts.
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#define EVT_KEY 0x00001

OS _TID pr_task;
int num_ints;

__irg void ext0_int (void) { /I external interrupt routine
isr_evt_set (EVT_KEY, pr_task); // send even t to ‘process_task’
acknYourlnterrupt (); /[ acknowled ge interrupt;

}

_ task void process_task (void) {
num_ints =0;

while(1) {
os_evt_wait_or (EVT_KEY, OxFFFF);
num_ints++;
}
}

__task void init_task (void) {

enableYourlnterrupt ();
pr_task = os_tsk_create (process_task, 100); / / create task with prio
os_tsk_delete_self ();

}

Pres«1 to browse through the numerous examples and additigieamation in
the on-line help.

Memory and Memory Pools

The compilers delivered with the Keil developmatil$ provide access to all
memory areas, regardless of the microcontrolldnitacture. Variables can be
explicitly assigned to a specific memory spacenmyuding a memory type in the
declaration, or implicitly assigned based on thenmey model. Function
arguments and atomic variables that cannot beddaatregisters are also stored
in the default memory area. Accessing the intedagh memory is considerably
faster than accessing the external data memonyoskible, place often-used
variables into the internal memory space and lesstwariables into the external
memory space.

RTX provides thread-safe and fully reentfaitocation functions for fixed sized
memory pools. These functions have a determingst@zution time that is

Y variable length memory allocation functions aré reentrant! Disable/enable system timer
interrupts using tsk_lock() and tsk_unlock() durthg execution of malloc() and free().
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independent of the pool usage. Built-in memorgation routines enable you
to dynamically use the system memory by creatinghorg pools and use fixed
sized blocks from the memory pool. The memory peads to be properly
initialized to the size of the object.

#include <rtl.h>

os_mbx_declare (MsgBox, 16); /I decl are an RTX mailbox
U32 mpool [16*( 2 * sizeof (U32) ) /4 + 3]; // memo ry for 16 messages
__task void rec_task (void); /I task to receive a message
_ task void send_task (void) { /I Task to send a message
U32 *mptr;
os_tsk_create (rec_task, 0);
os_mbx_init (MsgBox, sizeof (MsgBox)); // ini t mailbox
mptr = _alloc_box (mpool); /I alloc. memory for the message
mptr[0] = 0x3215fedc; /I set me ssage content

mptr[1] = 0x00000015;
0s_mbx_send (MsgBox, mptr, Oxffff); // Send t he message to '‘MsgBox'

os_tsk_delete_self ();

}

__task void rec_task (void) {
U32 *rptr, rec_val[2];

os_mbx_wait (MsgBox, &rptr, 0xffff); // Wait for message
rec_val[0] = rptr[0]; /I Store content to 'rec_val'
rec_val[1] = rptr[1];

_free_box (mpool, rptr); /I Relea se the memory block

os_tsk_delete_self ();

}
void main (void) {
_init_box (mpool, sizeof (mpool), sizeof (U32));

0S_sys_init (send_task);

To send a message object of a variable size anthesariable size memory
block, you must use the memory allocation functjavisich can be found in
stdlib.h.
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RTX and ARTX166 Function Overview

Function Group

Task Management

Event/Signal Functions

Semaphore Functions

Mailbox Functions

Memory Management

Mutex Management

System Clock (Timer -

RTX

create-task, delete-task, pass-
task, change-priority, running-
task-id, running-task-priority,
lock-task, unlock-task, system-
init, system-priority

clear-event, get-event, set-event,
wait-event, isr-set-event

initialize -semaphore, send-
semaphore, wait-semaphore,
isr-send-semaphore

check-mbx, declare-mbyx,
initialize -mbx, send-mbx, wait-
mbyx,

isr-receive-mbx, isr-send-mbx,

icvr AhAanl, mhy

create-pool, check-pool, get-
block, free-block

initialize-mutex, release-mutex,
wait-mutex

delay-task, wake-up-task, set-

ARTX166

create-task, delete-task, pass-
task, change-priority, running-
task-id, running-task-priority,
lock-task, unlock-task, system-
init, define-task

clear-event, get-event, set-event,
wait-event, isr-set-event

initialize -semaphore, send-
semaphore, wait-semaphore,
isr-send-semaphore

check-mbx, declare-mbyx,
initialize -mbx, send-mbx, wait-
mbyx,

isr-receive-mbx, isr-send-mbyx,

initialize-mutex, release-mutex,
wait-mutex

delay-task, wake-up-task, set-

Ticks) s]ice, create-timer, kill-timer, call- s_Iice, create-timer, kill-timer, call-
timer timer

Generic WAIT Function interval-wait interval-wait

RTX and ARTX166 Technical Data

Technical Data RTX ARTX166

max Tasks 250 250

Events/S ignals 16 per task 16 per task

Semaphores, M ailboxes ,  unlimited unlimited

Mutexes

min RAM 2 — 3 KBytes 500 Bytes
ARM7/ARM9 Cortex-Mx

max Code Space 4.2 KBytes 4.0 KBytes 4.0 KBytes

Hardware Needs 1 on-chip timer SysTick timer 1 on-chip timer

Task Priorities 1-254 1-254 1-127

Context Switch

Interrupt Lockout

<7 psec @ 60 MHz
3.1 psec @ 60 MHz

<4 pusec @ 72 MHz
not disabled by RTX

<15 psec @ 20 MHz
0.2 psec @ 20 MHz
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RTX51 Tiny and RTX166 Tiny Function Overview

Function Group RTX51 Tiny RTX166 Tiny
Task Management create-task, delete-task, create-task, delete-task,
running-task-id, running-task-id,
switch-task, set-ready, delay-task
isr-set-ready
Signal Functions send-signal, clear-signal, isr- send-signal, clear-signal, isr-
send-signal send-signal,
wait-signal
System Clock (Timer -Ticks) reset-interval delay-task
Generic WAIT Function wait wait

RTX51 Tiny and RTX166 Tiny Technical Data

Technical Data RTX51 Tiny RTX166 Tiny
max Tasks 16 32

Signals 16 32 max

RAM 7 + 3 Bytes/Task 8 + 4 Bytes/Task
max Code Space 900 Bytes 1.5 KBytes
Hardware Needs No Timer 1 on-chip Timer
Context Switch 100-700 Cycles 400 — 4000 Cycles
Interrupt Lockout < 20 Cycles <4 psec, O ws.
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Chapter 5. Using pVision

The pVision IDE is, for most developers, the edsies/ to create embedded
system programs. This chapter describes commaelgt 1 Vision features and
explains how to use them.

General Remarks and Concepts

Before we start to describe how to use pVision,esgeneral remarks, common
to many screensind to the behavior of the development tool, aesgnted. In
our continuous effort to deliver best-in-class depment tools, supporting you
in your daily work, puVision has been built to res#enthe look-and-feel of
widespread applications. This approach decreas@slgarning curve, such that
you may start to work with pVision right away.

Based on the concept of windows:
= pVision windows can be re-arranged, tiled, andcagd to other screen areas
or windows respectively

= |tis possible to drag and drop windows, objeatsl @ariables

= A Context Menu, invoked through the right mousedmutis provided for
most objects

= You can use keyboard shortcuts and define yoursintcuts
= You can use the abundant features of a modernredito

= Menu items and Toolbar buttons are grayed out win¢mvailable in the
current context

= Graphical symbols are used to resemble optionsaik unsaved changes, or
reveal objects not included into the project

= Status Bars display context-driven information

= You can associate pVision to third-party tools

The screenshots presented in the next chaptersiiemretaken from different example programs
and several microcontroller architectures to reséarthe main feature, sometimes the special
feature, of that topic. The same window, dialagab category will look slightly different for

other microcontroller architectures.
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Project Name /M

Toolbars

UMus‘e - pVision
File Edit View on;ed Flash Debug Peripherals Tools SVCS Window Help
étgua $ @A 90 e PRE R EE g @ adclin -[Be @ e oo [@]A
M EO &G ul o FNRGEE@A-O-E. 8- 6 6 =23
Breakpoint
@-{7 TRAFFIC - i != 4; i++ Symbols x R
TRAFFIC 0x00000 F4 E3A06000 MOV RS, : CF
i~ 0x000007 oxor Mask: {Coso Senstive
25 ConstFar Text file;
10 . 128: 00000 | | Name [ Address [ Type [«
ox000061 Options changed RO,: [T Parpherdl
Next statement 0x06000 RO, e
' = B Measure Application
and Breakpoint } + (] Runtime... E
) Blink + » L Flasen 7 ; =[] Getiine Module o
5 & Blinky [2) Measurect [[[], Seriake, | [] Getiines i PR P -
else { - [] Mcomm... Module a
if (interval.msec-- == () = u Measure Module
\ 499,500 ps interval.msec = 999; @ cmd... | (x400000A4 amay[1000] of uc...
DSTMSZFIO‘ if (interval.sec-- == ( # @ cur.. | (x40000034 struct mrec —
T 1. = 59;
T e ?E 00 e
< n » =
@er... [{} Fu..|Zre..[Gs.. | [ <[ | »
- - Trace X .
f Fiter: | Execution-All < n
/* Analog0 simulates analog input values given to chi 4 ol |~
" g0 () g inp g Addess: [0 . T_]
Signal void analog0 (float limit) { 0x00000000: 65530 (x0000073 LDRH  RO0.[RO.#0x0
float volts; 0x0000000F: 65531 | (00000738 | E2800001 ADD  RO.RO.#0x00C
I|lox0000001E: 65532 | (x0000073C | E3C00801 BIC  RO.R0.#(x0001
printf ("Analog0 (%f) entered.\n", limict); 0x0000002D: 65533 | (00000740 | E59F1430 LDR  R1,[PC#0x04:
wm.le 1)« /* forever */ - ||ox0000003C: 65534 | (x00000744 | E1C100B4 |STRH  RO.[R1.#0x0¢
a e 5 0x0000004B: 65535 | (x00000748 | E3500FFA CMP  RO.#0x00000:
0x0000005A: 65536 | 0x0000074C | 1A00001C BNE  (x000007C4 J
> 0x00000069: -
ASSIGN BreakDisable BreakEnable Br@akKill BreakList | 0x00000078: 00 00 40 E2 D7 FO 21 E3 00 DO A0 E1 00 00 40 -
=] Build Yutput | 5] Command I_aﬂnd in Fllesl \ l»_lcall Stack I,QLocals I.Q\Na((hl IjMemoryl |
Real-Time Agent: Target Stopped .\ Simulation t1: 167045508 sec L1

\ Commands available ‘

To launch pVision click the pVision icon on yoursétop or select
pVision from the Start Menu.

.

Window Layout Concepts

You can set up your working environmeirt pLVision at your discretion.
Nevertheless, let us define three major screersar€lae definition will help you
to understand future comments, illustrations, astructions.

! Any window can be moved to any other part of tisipn screen, or even outside of pVision to
any other physical screen, with the exception efdabjects related to the Text Editor.
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Project Windows Editor Windows
{4 Blinky - pVision [F=NEE
File Edit View Project Flash Debug Peripherals Tools SCCS Window Help
G A %5 SEEE M MIE Wl ] S& B~ X
X ES G u > PNREEREA D12 - F- 0 a8l
p— -
& WorkSpace A~ 108: while (cnt--): -
B Biinky 27.89 s0x08000890 1E40 SUBS r0,x0,#1
- - 18.95950x08000892 D2FD BCS delay (0x08000890)
=23 Simulator L 109: 1
=& Startup Code 7RMR Sanonnnona anan ov - %
|#] STM32F10x.s »
=43 Initialisation " [2] Lcp_abitc ‘ v X
[#] STM32_Init.c 147 67.250 s k Z]
=43 Configuration 148 unsigned char status;
|#] RTX_Config.c _ 149 =i
< LSS N 150 do {
151 1.802s status = lcd read status(); =
(=] Project | & Registers o
// Clear Display * | Stack Frames | Value/Address [+
LCD_Clear(): = & deiay0
} else if (Cmd & 0x80) { 4 & led_read_status)
// Set Cursor Position 0 ¢ wa; wh]ﬂa busy(
B T —— O & cdvtecnd0
+- @ led_int()
—_ = - R L L . o A laan ¥
bSsIG Srcakbicabie Sreakioable Sreakiill Srcakliss “ s
| Simulation t1: 18268061347 se:
| Output Windows \

TheProject Windows area is that part of the screen in which, by defthe
Project Window, Functions Window, Books Window, d&elisters Window are
displayed.

Within theEditor Windows area, you are able to change the source code, view
performance and analysis information, and checklib@ssembly code.

TheOutput Windows area provides information related to debuggingnony,
symbols, call stack, local variables, commandswbieoinformation, and find in

files results.

If, for any reason, you do not see a particulardew and have tried
displaying/hiding it several times, please invake tlefault layout of pVision
through theindow — Reset Current LayoutMenu

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/842241/ULINKPRO.html

58 Chapter 5. Using pVision

Positioning Windows

The pVision windows may be placed onto any ardh@&creen, even outside of
the pVision frame, or to another physical screen.

= Click and hold théTitle Bar? of a window with the left mouse button

= Drag the window to the preferred area, or ontoptiegerred control, and
release the mouse button

Please note, source code files cannot be moveieutstheEditor Windows?.

Invoke theContext Menu of the window'sTitle Bar to change the docking
attribute of a window object. In some cases, yastrperform this action before
you can drag and drop the window.

uVision displays docking helper contrjlemphasizing the area where the
window will be attached. The new docking aresj@esented by the section
highlighted in blue. Snap the window to the MU#ipocument Interface (MDI)
or to a Windows area by moving the mouse over théeped control.

New location of moving window Snap to Windows area ‘
(highlighted area)
1A Measure - pVision - (o] & |
File Edit View Project Fidsh Debug Peripherals ;ools SCCS  Window Help
& A e £ iF @ gt a O & |
L [ & f 33 Smuator =N BB |

[ Abstract.txt

B WorkSpace -
2-£3 Blinky

= 333 Simulator

=1 &5 Startup Code e
TVEZFIOS -
=] >TVEE Functions | Sir(Bts) i

it
i Pr. ... | a1 File Outiine: | <al fies> v

|

¥ Name [ Definitions and References - <none> ;
<unnamed>
>

’ Page/object name ’ Snap to MDI ‘

1 You may click the page/object name to drag ang the object.
2 Source code files stay in the Text Editor's window

3 Controls indicate the area of the new window posit The new position is highlighted.
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pVision Modes

K Vision operates in two modeBuild Mode andDebug Mode Screen settings,
Toolbar settings, and project options are storgtiencontext of the mode. The
File Toolbar is enabled in all modes, while tbebugToolbar andBuild
Toolbar display in their respective mode only. Buttonsnig, and menus are
enabled if relevant for a specific mode.

The standard working modeBaiild Mode. In this mode you write your
application, configure the project, set preferensekect the target hardware and
the device; you will compile, link, and assemble fnograms, correct the errors,
and set general settings valid for the entire appbn.

In Debug Mode you can also change some general options andadite code
files, but these changes will only be effectiveeaftou have switched back to
Build Mode, and rebuild your application. Changes to delaityng)s are
effective immediately.

Menus

TheMenu bar provides access to most pVision commandsdiraipfile
operations, editor operations, project maintenateeelopment tool settings,
program debugging, window selection and maniputai@md on-line help.

File Menu

TheFile Menu includes commands that open, save, printchos® source files.
TheDevice DatabaseindLicense Managerdialogs are accessed from this
menu.

Edit Menu

TheEdit Menu includes commands for editing the source coddo, redo, cut,
copy, paste, and indentation, bookmark functioasipus find and replace
commands, source outlining functions, and advaedgdr functions. Editor
configuration settings are also accessed fromntieisu.
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View Menu

1=
ES

tatus Bar

[<]

TheView Menu includes commands to
display/hide a variety of windows. You can
also enable/disable tlgtatus Bar. The
Periodic Window Update option is useful

in Debug Modeto force the screens to
periodically refresh. If this option has not
been selected, you can manually update th
screens via th&oolbox.

Toolbars L

Project Window

Books Window
Fundtions Window
Templates Window
Source Browser Window
Build Qutput Window

Project Menu _ o
Find In Files Window

TheProject Menu includes commands to
open, save, and close project files. You ca
Export your project to a previous version of
pVision, Manage project components, or
Build the project. In addition, you can set

Command Window
Disassembly Window

Symbol Window

& [l BTE1 &1 (4[4 [5][<| @]

. _ ) Reqgisters
Options for the project, group, and file. You
can manage multiple projects through the Call Stack
Multi-Project Workspace... Menu. Watch r
Kemory k
Flash Menu Serial b
Analysis L
TheFlash Menu includes commands you S R
can use to configure, erase, and program _
Flash memory for your embedded target System Viewe ’
system. #" Toolbox
Full Screen

Periodic Window Update
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Debug Menu

The DebugMenu includes commands that | pebug

start and stop a debug session, reset the CRIL) start/stop Debug Session Ctrl=F5
run and halt the program, and single-step iNee ¢...i oy
high-level and assembly code. In addition,

commands are available to manage
breakpoints, view RTOS Kernel information,* ="

Run FS

and invoke execution profiling. You can g tep i
modify the memory map and manage oy Sten v Fi0
debugger functions and settings. (1Y Stes Out P
1} Runto Cursor Line Ctri=F10
o+ Show Mext Statement
TOOIS Menu Ereakpoints... Ctri+BE
@ Insert/Remove Breakpoint F9
Configure and run PC-Lint or set Up YOUI | & Enapie/misable Breskpaint Ctri=F9
own tool shortcuts to third party utilities. (5 Disable All Breakpoints
ﬁ Eill &l Breakpoints Ctrl=5Shift=F2
SVCS Menu 0S Support b
Execution Profiling 3
The SVCSMenu allows you to configure Memory Map..
and integrate your project development with ;.. oo
third-party version control systems. Function Editor [Open Ini File)...

Debug 5Settings...

Help Menu

TheHelp Menu includes commands to start Help

the on-line help system, to list information | @ pvision Help

about on-chip peripherals, to access the | ¢ open Boaks window
knowledgebase, to contact the Technical
Support team, to check for product updates,
and to display product version information.

Simulated Peripherals for '"LPC2129°
Internet Support Knowledgebase
Contact Support
Check for Update

About pVision...
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Peripherals Menu

ThePeripherals Menu includes dialogs to Peripherals
display and change on-chip peripheral settings|  system Control Block b
The content of this menu is tailored to show the  vectared interrupt Cantrolter
specific microcontroller options selected for your i, connect Block
application. Dialogs are typically available for ~

System Configuration, Interrupts, UARTS, 12C, ﬁ:IFi :
Timer/Counters, General Purpose 1/0, CAN, -

Pulse-Width Modulators, Real-Time Clocks, R

and Watchdog Timers. This menu is active in SPlInterface *
Debug Modeonly. Timer b

Pulse Width Modulator

A/D Converter

CAN »
Beal Time Clock

Watchdog Timer

Window Menu

TheWindow Menu includes Window |

commands to split, select, and A Debug Restore Vi

close various windows in the =g =EDUD Restafe Yiews. .

Text Editor. Beset View to Defaults

In addition, you can define your 3piit

own screen layouts through the Close All

Debug Restore Views..dialog,

and switch back and forth ChEeilhARMExamples\Blinky\Abstract. e
between the screen layouts you C\KeilARM \Examples\Blinky\Blinky.c
defined.

Restore the default layout throuBleset View to Defaultsat any time.
Currently open source code windows are listedebtittom of th&Vindow
Menu.
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Toolbars and Toolbar Icons

The pVision IDE incorporates several Toolbars veitiitons for the most
commonly used commands.

= TheFile Toolbar contains buttons for commands used to edit sdilese to
configure pVision, and to set the project spea@fitions

= TheBuild Toolbar contains buttons for commands used to build thgpt

= TheDebug Toolbarcontains buttons for commands used in the debugger

TheFile Toolbar is always available, while thi&uild Toolbar andDebug

Toolbar will display in their context. In both moddalild Mode andDebug
Mode, you have the option to display or hide the afiie Toolbars.

File Toolbar
SHS &8 9 PRBB =KL
& | [@ ADC rRe @ e O |E- X

New File — opens an empty text window

=% Open File — dialog to open an existing file

=l Save File — saves the contents of the current file

@  Save All — saves changes in all open files

& Cut — deletes the selected text and copies ited@lipboard

-3 Copy — copies the currently selected text to tigbohlrd

iy Paste — inserts text from the clipboard to theenircursor position
¥} Undo changes — removes prior changes in an eddomin

b Redo changes — restores the last change that wiasein

4= Navigate Backwards — moves cursor to its formekwacd position
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=»  Navigate Forwards — moves cursor to its former sooposition
™ Bookmark — sets or removes a bookmark at cursatipos

T2  Previous Bookmark — moves the cursor to the bookmpeavious to the
current cursor position

T3  Next Bookmark — moves cursor to the bookmark aludalde current
cursor position

7% Clear All Bookmarks — removes bookmarks in the eénirdocument
£ Indent — moves the lines of the highlighted texa tab stop to the right
€= Unindent — moves all highlighted text lines one $&dp to the left

/= Set Comment — converts the selected code/textrtonamt lines

/% Remove Comment — converts the selected text linek to code lines

[#  Find in Files — searches for text in files; resgh®wn in an extra

window
= Find — searches for specified text in current doguim
¥ Incremental Find — finds expression as you type
@}  Debug Session — starts/stops debugging
&  Breakpoint — sets or removes a breakpoint at cyrssition
O Disable Breakpoint — disables the breakpoint as@uposition
¢  Disable All Breakpoints — disables all breakpointsll documents
¢* Kill All Breakpoints — removes all breakpoints fraal documents
izl  Project Window — dropdown to enable/disable projetzsited windows
“,  Configure — dialog to configure your editor, shats; keywords, ...
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Build Toolbar
2 (%] 3y ¥3 | Simulator - 4K A
2  Translate/Compile — compiles or assembles thérfitae current edit

L

._
=
I
=

window

Build — builds and links those files of the projétat have changed or
whose dependencies have changed

Rebuild — re-compiles, re-assembles, and re-liik8es of the project

Batch Build — re-builds the application based ottlhénstructions. This
feature is active in a Multi-Project environmentyon

Stop Build — halts the build process
Download — downloads your application to the tagystem flash

Target — drop-down box to select your target sygiarthe Toolbar
example above: Simulator)

Target Options — dialog to define tool and targetisgs. Set device,
target, compiler, linker, assembler, and debugoogthere. You can also
configure your flash device from here.

File Extensions, Environments, and Books — diatbgdanfigure targets,
groups, default folders, file extensions, and adidél books

Manage Multi-Project Workspace — dialog to addemnove individual
projects or programs to or from your multi-projeontainer
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Debug Toolbar

% EO Brdon » |DRE sl

Crm
RET
Q

I
o

i

@l B [ v o

|v|§vg,;=.;, ==

Reset — Resets the microcontroller CPU or simulatole debugging
Run — continues target program execution to nesdifpoint

Stop — halts target program execution

Step One Line — steps to the next instruction tr pmocedure calls
Step Over — steps over a single instruction and prexedure calls
Step Out — steps out of the current procedure

Run to Line — runs the program until the currensouline

Show Current Statement — Shows next statement éxdauted
Command Window — displays/hides the Command Window
Disassembly Window — displays/hides the DisassemMbiydow
Symbol Window — displays/hides Symbols, VariabRaits, ...
Register Window — displays/hides Registers

Call Stack Window — displays/hides the Call Staekt

Watch Window — drop-down to display/hide Locals &ddtch Windows
Memory Window — drop-down to display/hide Memoryitfows

Serial Window — drop-down to display/hide UART-gereral windows
and the Debug printf() View

Logic Analyzer — displays variable values graphicaAlso used as a
drop-down to display/hide the Performance Analyret Code Coverage
Window.
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Performance Analyzer — displays, in graphical faoitme, time consumed
by modules and functions as well as the humbeurdtion calls

Code Coverage — dialog to view code executionssiediin a different
way than with the Performance Analyzer

System Viewer — view the values of your Periph&adjisters
Instruction Trace — displays/hides the Instrucfioace Window

Toolbox — shows/hides the Toolbox dialog. Depegdin your target
system, various options are available.

Debug Restore Views — drop-down to select the predlevindow layout
while debugging

Additional Icons

=
{

0,
E)

£

Print — opens the printer dialog

Books — opens the Books Window in the Project Wuoakse
Functions — opens the Functions Window in the tdj¢orkspace
Templates — opens the Templates Window in the Erbtjorkspace
Source Browser — opens the Source Browser WinddheOutput
Workspace. Use this feature to find definition®ocurrences of
variables, functions, modules, and macros in yodec

pVision Help — opens the pVision Help Browser

File — Source file; you can modify these files;aldf options are used

File — Source file; you can modify these filesg fdptions have been
changed and are different from the default options

File or Module — header files; normally, includedanatically into the
project; options cannot be set for these file types
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‘4  Folder or Group — expanded — icon identifying apaaded folder or
group; options correspond to the default settings

:1 Folder or group — expanded — icon identifying apaaded folder or
group; with changed options that are different fittve default settings

71 Folder or group — collapsed — with options corresjpag to default
settings

i1  Folder or group — collapsed — with options charged different form
default settings

.| Lock — freezes the content of a window; prevends window from
refreshing periodically; You cannot manually chatige content of that
window.

i Unlock — unfreezes the content of a window; alldfat window to
refresh periodically. You can manually changedbetent of that
window.

it Insert — creates or adds an item or object tata lis
.  Delete - removes an item or object from a list

4 Move Up - moves an item or object higher up inlisie
+

Move Down - moves an item or object down in the lis

Peripheral SFR (Peripheral Registers, Special kam&egister)
Simulator VTREG (Virtual Register)

E Application, Container

@  Variable

mh i Parameter

$ Function
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Project Windows

Project Windows display information about the

current project. The tabs at the bottom of thesaar | = &2 LPC2129 Simulator

provide access to:

Ea Startup Code

. -5 System Calls
Project structure and management. Group your o[£ Retarget.c

files to enhance the project overview. - [] stdio.h

. . . . ] F_misc.h
Functions of the project. Quickly find and =3 Q,ia.,c
navigate between functions of the source code. - [] Ipelich

. . i . =5 Source Code
MicrocontrollerRegisters Only available while - [#] Getline.c
det)ugging. Mecommand.c

Measure.c
Templatesfor often-used text blocks. Double £-£3 Documentation
click the definitions to insert the predefined text | Abstract.bd

at cursor position. \@v. [Cr Bl 6e]

Booksspecific to the pVision IDE, the project,
and sometimes to the microcontroller used. Conéigund add your own
books to any section.
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TheFunctions Window e — x

displays all functions of = [ Getline.c

‘.. @ getline (char*ling,int n)

your pr_oject or of open - [ Mcommand.c
editor files. = Ll

£ [zs] Retarget.c
..... @ _sys_exit (int return_code)

Double-click a functionto | . & _thywrch (int ch)
jump to its definition. | - $ femor(FLE')
Invoke itsContext Menu | (3 are
to toggle the displaying | ¢ getkey (void)
mode of this window or | ¢ init_serial (i)

S TR A e @ sendchar (int ch)
scan the files.

Functions 4
_zypz_exit [int retumn_code)

_thyarch [ink ch)

ChangeSFRO [void)

clear_records [void)

DeflSR [vaid)

ferrar [FILE* f)

fputs [int ch, FILE* f)

getkey [void)

getling [charine,int n)

init_zenal [vaoid]

main [void)

measure_display (struct mrec display)
1_basepri [vaoid]

1_fault [void)

1_mzp [void)

Go to Function

Scan Project Files

Scan Current Editor Files

Display Modules

ﬂ Praj. @Baaks {} Fun...|[].,Ten1...|

|ﬂ Pro... |@B-J... | {}ru. |[]¢Te... |

TheTemplates Windowprovides user-defined text
blocks, which can be defined through the
Configuration — Templatesdialog.

Double-click a definition or invoke th@ontext

Templates x
Hdefine

Hif

Hinclude

contiriue

da

Eum

fiar

fpointer_type

Menu to insert often-needed constructs into your cog@tien

files.
Alternatively, you can type the first few letterfstioe

template name followed bytri+Space to insert the
text.
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Editor Windows

TheEditor Windows are used to:

Measure.c | [ ] teCate | [ tecabecr | -] measuren [ 4] Micomme

212
213

char cmdbuf [1000]:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

214
= Write, edit, and debug source files. g mir i
Press1 on language elements for help.Z;
220 PINSEL1 = 0x15400000;
. =3 IODIR1 = OxFF0000;
= Set breakpoints and bookmarks s - oovsoso:
224 init_serial ():
H - H T4 H = ChangeSFRO () ;
=  Set project options and initialize target = !
. 227 /* setup the timer counter 0 interrupt */
systems by using powerful 2| Tom0 - 1400;
configuration wizards N—
=  View disassembly code and trace 3 srtups [ Mesee | e [ ) et 7 %
instructions while debugging seren | et —
Option Value
Typically, this area contains tHext il i
Editor with source code files, the b
Disassembly Window Performance
Analyzer, andLogical Analyzer.
W}\ Configuration Wizard
Editor Configuration
Configure Editor settings, | efae - _ =l
itor olors & Forts ser ords ortcy emplates er
colors and fonts, user it e Tl
. e lypes emplates: i
defined keywords, shortcut] e s . =
keys, and templates
through theConfiguration Feer e e
dialog.
Text
You can invoke this dialog | [
Vla thecontext Menu Of /¢ TODO: enterthe block content hers
the Template Window, e
the Edit — Configuration
Menu, or
Cancel Help
=,  through theile Toolbar command.
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Using the Editor

You can view text MANG 5] CAN.C [l ABSTRACHXE. - x
files in the Editor el P 9
side by side. Invoke | s seerine gt
the Context Menu 005 | fdeine| | oo
. $define
of the file tab and gg? fendif Open Containing Folder
choose a horizontal | fe sinciuae {5 NewHorizontal Tab Group
or Vertlcal g::-? o |_’|_’| NEW\c:EI’tiC_ElTEbGrO%I;? .
012 Zdi;‘d:;zri::;f z._.ir‘;;je;;“s‘;;::jii:;‘&us‘:s
arrangement. oo
014 | stronct stCanCk]j

. 015§ {
Files can be dragged | ws  woyee wopatare:

mq ulong uwlCANAR:

and dropped from 08| ulong wlCANAMR;
oneTab Group into | gy &eid wecumeor:

the other, or can be J<_DI21_ uwiord uwMSGCFG:  // Message Configuration f
moved to the Next
Tab Group through
the Context Menu.

In addition, you can mamc [T amamacrna ] v x || caN.C v x
. . . | Close l#ifde aroe -
tlle a flle Vertlca”y ggy: Close All But This ggy:l igeiiie gD;n 0x100 :l
and horizontally. 003 | closean L eroerine T onn

004 004 | #else
Complete your code | m& | copyrunpan 008 facfine IDO 0x101

006 006 #define ID1 0Ox100

in any part of these Q7 | | OpenContainingFolder |, 007 | $endit

0os ’ 0os . -
fragments g ] mew vertical Tab Group % | #incluge wpad TI|II’1Q line

0o | Move To Next Tab Group i 010

01T /* Int Vector at 00B0H, S -

- =

i 012 | #ifdef T B 001 [-|#ifdef Targetd -

Double-click the v lobje-mairgecpa“em; 002‘ $define IDO O0x100 :‘
tiling line to remove 014 | #else 03| #define ID1 0x101

015 objl0dat

i 015 | #endif Tile the file horizontally or vertically | 1= Ipo  ox101
the fragmentation. o e 100 oxior
018 it (0); Uo7 | FSOGIL
mg if (g ern) pattern = pat 0os

else pattern = 0x01;: 009 | #include "MATIN.H"

Double-click a file’'s |
tab to close the file. | i A N
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Output Windows

By default, theOutput Windows® are displayed at the bottom of the pVision
screen and include:

=  TheBuild Output Window includes errors and warnings from the compiler,
assembler, and linker. Double-click a messagartpjto the location of the
source code that triggered the message. Pidss on-line help.

=  TheCommandWindow allows you to enter commands and review
debugger responses. Hints are provided oistaris Bar of that window.
Press1 for on-line help.

= TheFind in Files Window allows you to double-click a result to locate the
source code that triggered the message

=  TheSerial andUART windowsdisplay I/O information of your peripherals
= TheCall Stack Window enables you to follow the program call tree

= Thelocals Window displays information about local variables of the
current function

= TheWatch windows provide a convenient way to personalizetat
variables you would like to trace. Objects, stuoes, unions, and arrays may
be monitored in detail.

=  TheSymbols Windowis a handy option to locate object definitions.uYo
can drag and drop these items into other area¥isfqn.

=  TheMemory windows enable you to examine values in memorysarea
Define your preferred address to view data.

= TheSource Browser Windowoffers a fast way to find occurrences and
definitions of objects. Enter your search critédaarrow the output.

! Since almost all objects can be moved to their nimdow frame, the terminology ‘page’ and
‘window’ is interchangeably used in this book.
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Other Windows and Dialogs

Peripheral Dialogs and Windows
Peripheral Dialogs and Windowsallow you to review and modify the status of

on-chip peripherals. These dialogs are dependetiteotarget system you
selected at the beginning of your project and thasoptions provided will vary.

On-line Help

pVision includes many pages of on-line manuals@mrdext-sensitive help. The
main help system is available from tHelp Menu.

@ ARM Development Tools =5 | Eo 8=~

T - & o

Hide Back Print  Options

We are constantly adding new devices and simulation support for on-chip peripherals so

Cortert | | - =
Qorterts | index | Search | Favorges | be sure to check web-based Device Database™ if your plan to use a device that is

T:li RealView® Compilation Tools Introduction ~ currently not listed in your local pvision installation.
[ Q Getting Started User's Guide . ) ) ) )
= @ pVision® IDE User's Guide [ This Getting Started User's Guide provides an overview of the Keil ARM toolchain and

= RealView Compiler User Guide contains the following chapters.

= @ RealView Compiler Reference Guide 1 X X
[ @ RealView Libraries and Floating Point Suppc Introduction gives an overview of the development tools and discusses the folder
@ @ RealView Assembler User Guide S

[ Q ARM Instruction Set User's Guide Development Tools describes the major features of the Keil ARM development

P Q RealView Linker User Guide tools including the pVision IDE/Debugger. It explains how to select the Keil CARM

1 @ RealView Linker Reference Guide Compiler, GNU, or ADS/Realview toolchain,

= @ RealView Ltifies Guide Creating Applications describes how to create projects, edit source files, compile
@ @ RL-ARM Real Time Library User's Guide and fix syntax errors, and generate executable code.

2 @ wcei7o0 Usars Cusde Testing Programs describes how you use the pvision debugger to simulate and
= @ WMCB2100 User's Guide test your entire application.

= @ MCB2103 User's Guide 3
= Q MCE2130 User's Guide Sample Programs provides several sample programs that show you how to use

[ @ MCB2140 Users Guide Keil pVision/ARM and the related development tools.
= @ MCB2300 User's Guide

m

Using On-chip Peripherals shows how to access the on-chip peripherals with the

= @ MCB2400 User's Guide development tools.

| % MCB2300 User's Guide = CPU Setup provides information about the CPU startup code and the tool

[ MCBSTMAZ User's Guide configuration.

< MEESTMACE Uearls fide = JTAG Debuqging discusses how to use the Keil ULINK USB-ITAG Adapter to debug
@ MCBSTRT Users Gude in your target system.

= @ MCBSTRT30 User's Guide

= @ MCBSTR750 User's Guide

= Q MCBSTRS User's Guide

= @ MCETMPM330 User's Guids

23] 0 ULINK2 User's Guide -

4 [ ' Revision History

Flash Programming describes how to setup Keil ULINK for Flash programming via
the JTAG interface.

RDI Interface Driver explains the usage of RDI compliant Debugging Solutions.

Context sensitive on-line help is available in naiatogs in pVision.
Additionally, you can pressl in theEditor W indows for help on language
elements like compiler directives and library raes. Use1 in theOutput
Window for help on debug commands, error messages, aminga.
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Chapter 6. Creating Embedded Programs

HVision is a Windows application that encapsul#tesKeil microcontroller
development tools as well as several third-paititias. pVision provides
everything you need to start creating embeddedranag quickly.

pVision includes an advanced editor, project managel make utility, which
work together to ease your development effortsredeses the learning curve, and
helps you to get started with creating embeddedtcapions quickly.

There are several tasks involved in creating a exelvedded project:

= Creating a Project File

= Using the Project Windows

= Creating Source Files

= Adding Source Files to the Project

= Using Targets, Groups, and Files

= Setting Target Options, Groups Options, and Filéddp
= Configuring the Startup Code

= Building the Project

= Creating a HEX File

= Working with Multi-Projects

The section provides a step-by-step tutorial thains you how to create an
embedded project using the pVision IDE.

Creating a Project File
Creating a new pVision project requires just treeps:

1. Select the Project Folder and Project Filename
2. Select the Target Microcontroller
3. Copy the Startup Code to the Project Folder
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Selecting the Folder and Project Name

To create a new project file, select fimject — New Project...Menu. This
opens a standard dialog that prompts you for tepreject file name. Itis
good practice to use a separate folder for eaglegiroYou may use th€reate
New Folderbutton in this dialog to create a new empty falder

Select the preferred folder and enter the file nfonéhe new project. pVision

creates a new, empty project file with the spediiame. The project contains a
default target and file group name, which you cigmwon theProject Window.

Selecting the Target Microcontroller

After yo u h ave Select Device for Target 'LPC2129 Simulator'... @
selected the folder and| <
decided u pon a file Vendor:  NXP founded by Phiips)
H Device: LPC212%
name for the project, | == 0
uVision asks you to R
choose atarget Sicen | (B R IR
m I Croco ntrOI I er ThIS g I[ggi ggm1 Two uARTlsLllzc serial interface, 2 SPI éenal interfaces
Step is ve ry important, £1 LPc2109 I w‘&ﬁﬂﬂ?ﬁ\?\?ﬁaﬁ;&?nalsk
SI nce IJVISIO n g tgg?‘ ?i/D‘I és:la%l:nis&g;l:.J’R.“[a?gt'c:ﬁctl:o,:NTﬁ::EI:n.em\ purpose |40 pins.
£ LPC2114/01 CPU clock up to 60 MHz, On-chip crystal oscillator and On-chip PLL
customizes the tool - Lee2is
. . £1 LPco119/01
settings, peripherals, - Lo
; £ LPC2124/01
and dialogs for that QEEE - :
particular device.
. | 0K | | Cancel |
The Select Devick?

dialog box lists all the devices from the pVisibavice Database.

You may invoke this screen through fPmject — Select Device for Target...
Menu in order to change target later.

! For some devices, pVision requires additional paeters you must enter manually. Please read
the device description in the Select Device diaagefully, as it may contain extra instructions for
the device configuration.

2 If you do not know the actual device you will fipaise, uVision allows you to change the device
settings for a target after project creation.
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Copying the Startup Code

All embedded programs require some kind of micradier initialization or
startup code?that is dependent of the tool chain and hardwarewid use. It is
required to specify the starting configuration otiy hardware.

All Keil tools include chip-specific Wison =
Startup COde for mOSt Of the deVICeS C Copy Standard 8051 Startup Code to Project Folder and Add File to
listed in theDevice Database Copy & popar

the startup code to your project folder
and modify it there only. pVision
automatically displays a dialog to copy
the startup code into your project folder. Ansies question withYES.

uVision will copy the startup code to your projéater and adds the startup file
to the project.

The startup code files are delivered with embeduaedments used by the
configuration wizard to provide you with a GUI infigce for startup
configuration.

Using the Project Windows (550 Tagt :

Ea Source Group 1

Once you have created a project file successtilgy,
Project Window shows the targets, groups, and files of
your project. By default, the target name is sétarget

1, while the group’s name Bource Group 1

.|£|Pro...|@5-3... |[].;Te... | {}Fu.. |

The file containing the startup code is added o th —
source group. Any file, the startup filcluded,may be 5 vson
moved to any other group you may define in future. @ uision Release Notes

E“ Tools User's Guide
i Release Notes

x

TheBooks Window, also part of th&roject Windows, g Complete liser's Gulde Selo
provides the Keil product manuals, data sheets, and @ RV Compiler Introduction

programmer’s guides for the selected microcontrolle |, .
Double-click a book to open it. Hrro..|so... [OyTe.. | B ru..]

! The startup code’s default settings provide a gstadting point for most single-chip
applications. However, changes to the startup codg be required.

2 Library and add-on projects need no startup code.
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Right-click theBooks Windowto open it<Context Open
Menu. ChooseManage Books.., to invoke the A4 Manage Books...
Components, Components, Environment and Books =l
Environments and Project Components | Folders /Extensions Books |
Books" dialog to modify
th es ettin gS Of th e exitin g ﬁ:;;.:l 2:;:; Nm;.: T+ L:; :::i:es ¥ |4+ #| Device Specfic 73| W |+
manuals or add your own RTLARM Feemss Noten "
RV Compiler Introduction
manuals to the list of
books.
Later, while developing
the program, you may use
the Functions Window — e — =
andTemplates Window Sl
as well.

Creating Source Files

Use the button on tHele Toolbar or the select thEile — New... Menu
to create a new source file

This action opens an empEgitor Window to enter your source code. pVision
enables color syntax highlighting based on theeideension (after you have
saved the file). To use this feature immediatedye the empty file with the
desired extension prior to starting coding.

=l  Save the new source file using the button orFiteToolbar or use the
File — SaveMenu

! Most microcontroller manuals are part of the ta|sor are available on the Keil Development
Tools CD-ROM.
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Adding Source Files to the Project

After you have created and saved SourceFilel e | Z]uSout
your source file, add it to the project| =i Target1 [
Files existing in the project folder, =
but not included in the current
project structure, will not be
compiled. Openiiae fie

ebuild all target files

,ﬁ\ Options for Group "Source Group 1°.., Alt+F7

Open File

Open List File

Right-click a file group in the i "
Project Window and selecAdd S
Files to Group from theContext 20 Group..
Menu. Then, select the source file | Add Fles to Group ‘Source Group 1.
or source files to be added. Remove Group ‘Source Group 1" and its Files
A4 Manage Components..,
A self-explanatory window will Show Include File Dependencies
guide you through the steps of @ [Gaonl0reu]iaren] M

adding a file.

Add Files to current Project Group

Using Targets, Groups, and Files

The pVision’s very flexible project management stawe allows you to create
more than ondarget for the same project.

A Target is a defined set of build options that assemhdeyaile, and link the
included files in a specific way for a specific thtam.

Multiple file groups may be added to a target andtigie files may be attached
to the same file group.

You can definenultiple targets for the same project as well.
You should customize the name of targets and groupsatch your application
structure and internal naming conventions. Itgoad practice to create a

separate file group for microcontroller configuaoatifiles.

44 Use theComponents, Environment, and Books. dialog to manage
your Targets, Groups, and Files configuration
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To change the name of a Target, Group, or Filengay either:

| Double-cllck the Compenents, Environment and Books [l
des”‘ed item’ OI" Project Componerts |Fn|derst7densinns|Ennks |
" High”ght the item Proct Targets: 123 [ X 4| | Groups: X[ 4] ] Fles x|+ +
SourceGroupd I SITEFGIE
and press2 Coce

Change the name and
click theOK button.
Changes will be visible in
the other windows as
soon as this dialog has

been closed.
Set as Cument Target Add Files
Cancel Help

i Insert - create a new target or group
w  Delete - remove a target, group, or source filenfthe project
4 Move Up - move a target, group, or source file upltst

4 Move Down - move a target, group, or source filevdahe list

Instead of using the Move Up or Move Down buttormsy may drag and drop the
source files within th@roject Window to re-arrange the order of the files.
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Setting Target Options

i%  Open theDptions for Target dialog from theBuild Toolbar or from the
Project Menu

Options for Target "Simulator' ==
Device largst | Output | Listing | User | C/C++ | Asm | Linker | Debug | Ltilities |
S5TMicroelectronics STM32F103RE
Code Generation
¥tal (MHz): |8.0
Dperating system: |Nnne j [~ Use Cross-Module Optimization
[~ Use MicroLIB r
[~ Use Link-Time Code Generation
Read/Only Memory Areas Read/Write Memory Areas
default  off-chip Start Size Startup default offchip Start Size Nolnit
I ROMT: | | - I RAMI: | | r
~  ROMZ | | . ™ RAMZ | | r
r ROM3: | | r © RAM3: | | -
on-chip on-chip
¥ IROM1: |(x3000000  [Dx20000 & ¥  IRAM1 |220000000  [0x5000 r
~ IROM2: | | r ~ IRAMZ: | | -
QK | Cancel | Defaults | Help

Through this dialog, you can

= change the target device
= set target options
= and configure the development tools and utilities

Normally, you do not have to make changes to theultesettings in th&arget
andOutput dialog.

The options available in ti@ptions for Target dialogs depend on the
microcontroller device selected. Of course, thailatsle tabs and pages will
change in accordance with the device selected dhdive target.

When switching between devices, the menu optioasaailable as soon as the
OK button in theDevice Selectiordialog has been clicked.
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The following table lists the project options thae configurable on each page of

the Target Options dialog.

Device Selects the target device from the Device Database

Target Specifies the hardware settings of your target system

Output Specifies the output folders and output files generated

Listing Specifies the listing folders and listing files generated

User Allows you to start user programs before and after the build process

C/C++ Sets project-wide C/C++ Compiler options

Asm Sets project-wide Assembler options

Linker Sets project-wide Linker options. Linker options are typically required to
configure the physical memory of the target system and locate memory classes
and sections.

Debug Sets Debugger options, including whether to use hardware or simulation

Utilities Configures utilities for Flash programming

Setting Group and File Options

In nVision, properties of objects and options carsét at the group level and on
individual files. Use this powerful feature to sgtions for files and groups that
need a configuration different from the defaultisgs. To do so, open the
Project Window:

= Invoke theContext Menu of a file group and sele@ptions for Group to
specify the properties, compiler options, and aséemoptions for that file

group

= Invoke theContext Menu of a source file and sele©ptions for File to
specify the properties, compiler, or assembleromgtifor that file

TreatTarget options similar to general options. They ared/&dr the entire
project and for that target. Some options candfmeld at the group level and on
individual files. File-level options will supersedroup-level options, which in
turn, supersede the options set at the target level

i3 I Red dots on the icon’s left side are an indizathat the options of
that item differ from the general target options
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Configuring the Startup Code

Keil tools include files with chip-specific startapde for most of the supported

Blinky - pVision [E=R(ESR(ET)
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
= Ha | ) ;E ;E [ Jadc_in1 -
& [ B £% | OnChip Aash AN .|
START_V2.A66 - %
EE=| On-Chip Flash
163 Source Files Bpand Al | Colapse Al | Help
: Option Value
[E1-£3 Documentation [=- Definitions for System and User Stack
ABSTRACT.TXT - S5TKSZ: Maximum System Stack Size selection 0x0200
~ USTSZ: User Stack Size Definition
- UST15Z: User Stack Size for local register bank 1 0:0020
- UST25Z: User Stack Size for local register bank 2 0:0020

[+ Definitions for Startup Code

- CPU Configuration

[ OCDS Debug Peripheral Suspend Configuration

[ Peripheral Configuration

[ Definitions for Reset Configuration Register RSTCON
[ Definitions for PLL Centrel Register PLLCOMN

[

[

[

- Definitions for Watchdog Timer Control Register WDTCON

<TIERIR T

|- Definitions for Frequency Output Signal FOCON

+|- External Bus Configuration

-‘ =] Project (4 1empl...| {} Functi.., Text Editor }\Conﬁguration Wizard f

=] Build Qutput | _;Fmd in Files

Keil startup files contain assembler code with @psiyou can adjust to your
particular target system. Most startup files handedded commands for the
pVision Configuration Wizard , which provides an intuitive, graphical, and
convenient interface to edit the startup code.

Simply click the desired value to change data.eratively, you can use
the Text Editor to directly edit the assembly source file.

Keil startup files provide a good starting point foost single-chip applications.
However, you must adapt their configuration for iytarget hardware. Target-
specific settings, like the microcontroller PLL ckoand BUS system, have to be
configured manually.
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Building the Project

Several commands are available fromBudd Toolbar or Project Menuto
assemble, compile, and link the files of your pcojeBefore any of these actions
are executed, files are saved.

& Translate File — compiles or assembles the cugractive source file

%  Build Target — compiles and assembles those filastave changed,
then links the project

##  Rebuild — compiles and assembles all files, regasihether they have
changed or not, then links the project

While assembling, compiling, and linking, pVisioisplays errors and warnings
in theBuild Output Window .

Highlight an error or T e s E
warning and pressl to

get help regarding that e seriarci

particular message.

Double-click the message. e 77" | i e s s

to jump to the source line o= = crescea
that caused the error or

g: #223-D: function "lfsfscd clear” declared implicitly

warning.

uVision displays the o ot St e
messag@ Error(s), 0 =il

Warning(s) on S e

successful completion of |z =z

the build process. PR S ey e

Though existing

warnings do not prevent
the program from running correctly, you should edessolving them to
eliminate unwanted effects, such as time consumptindesirable side effects,
or any other actions not necessary for your program
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Creating a HEX File

Check theCreate HEX File box undelOptions for Target — Output, and
pVision will automatically create a HEX file duririge build process.

Select the desired HEX format through the drop-dowmtrol to generate
formatted HEX files, which are required on somesklprogramming utilities.

Options for Target "Simulator' @
Device | Target Output | Listing | User | C165 | EC++ | A165 | L165 Locate | L166 Misc | Debug | Utiites |

Select Folder for Objects... | Mame of Executable: |TWiI'ICAN

{* Create Executable: NTwinCAN

[+ Debug Information [¥ Browse Information

¥ Creste HEXFle HEX Fomnat: [HEX-386 (H167) | Sta: End:
B —- e [ Ofeat

" Create Library: S\TwinCAM.LIB | Create Batch File

0K | | Cancel | | Defaults
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Working with Multiple Projects

Sometimes, application development requires worlirig more than one
project at the same time. With single projectat tequires closing the current
project and opening the new project. The pVisiantMProject feature allows
you to define a group of projects as a Multi-Projde and to work with those
projects in one Project Window.

By combining pVision projects, which logically deykon each other, into one
Multi-Project , you increase the overview, consistency, and pamesicy of your
embedded system application design. pVision supyou in grouping various
stand-alone projects into one project overview.

While all features described for single-projecsoapply to Multi-Projects,
additional functionalities are required and areilatsée in the pVision IDE.

Creating a Multiple Project

ChooseProject — New Multi-Project Workspace... | Eroject
to create a new Multi-Project file. This opens a New p¥ision Project...
standard Windows dialog that prompts you for the e

new project file name. Open Projet...

To open an existing Multi-Project, choose

Project — Open Project You can differentiate a Multi-Project file froanstand-
alone project file by its file extension. A fil@wmtaining a Multi-Project has the
extensiorfilenameuvmpv rather tharfilenameuvproj — the naming convention
for stand-alone projects.

Managing Multiple Projects

Invoke theManage Multi-Project Workspace Componentddialog through the
Project — Manage — Multi Project Workspace...Menu, or

use theManage Multi-Project Workspace... button of theBuild Toolbar .

T Manage Multi-Project Workspace... — dialog to add individual
projects or programs to your Multi-Project
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Add eXlStlng Stand'alone Manage Multi-Project Workspace Components @
pl’OjECté’z tO yOUI’ Multl' pVision Project Components |
Project. Use the controls e TEAEIr?

to Change the file order, to C\Keil\ARM"Eoards"Keil\MCE5 TM32\RTX_Blinky"Blinky.uvproj
. . Keil \ ARM"Boards" Keil"\MCBS TM32\Timer Timer.uvproj
add or remove project files

MKeil '\ ARM"Boards* Keil\MCBS TM32"Measure\Measure uvproj
. . Keil\ARM\BoardsSILICANLPC2103"Blinky"\Blinky uvproj

or to define the active

project.

MUsers‘\bruneul1\Documents \uVision\yVision MultiProject \Measure \Measure.uvproj
WKeil\ARM"Boards"Keil\MCE2300"RTX_Traffic\ TRAFFIC uvproj
RMRLWRTX\Examplest Traffic\ TRAFFIC uvproj

51%Eamples\FarMemory 1MB Constants on Classic 8051ConstFar uvproj
M\Keil\ARM"Boards"Keil \MCBS TM32"Blinky"Blinky uvproj

Removing or deleting a
project from this list will
not physically delete the
project files, or the
respective project from the
storage location.

oK Cancel |
Activating a Multi-Project
To switch to another project, right click project X
the project name you wish to activate, |g.== workspace
and clickSet as Active Project :g ot o5 Actve Project
In this exampleMeasureis the B3
currently active project, where8sinky B3 TRAFFIC
is just about to become the active g gl'?”;;Far
. -- In
project. 1 Blinky

-] Measure

To uniquely identify the currently
active

project, pVision highlights its name in black. Alttions executed within the
pVision IDE apply only to this project; therefoggu can treat this project the
same way you treat a stand-alone project.

! Only existing projects can be maintained and addeal Multi-Project. You have to create the
stand-alone project prior to managing it in the MRroject environment.

2 Projects can have identical names as long as tésige in different folders.
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Batch-Building Multip

le Projects

While you can compile the individual projects onedne, the Multi-Project
environment provides a more convenient way to ctargli the projects in one

working step.

Use theBatch Build* command from th&uild Toolbar or from theProject —

Batch Build Menu to build, re-build, or clean the Project Tetsy

&  Batch Build — opens the window which lets you selee targets and

actions
Select the checkbox of the [szheui =
projects and related targets  sekectrroect targets:
you wish to build, re-build, Sany Buiid
or clean. ¥ McasTM32 Rebuild
[=1- Blinky -
p ean
Object files will be created oL wessmzz
based on the settings =1 ConstFar
outlined in the respective | | o, coresen oot Select Al
project. No ‘in common’ et smuator Desslect Al
object file will be created - mMes2130
in addition. Fi——
LW mcBsTM32
I TRAFFIC Help
iV Simulator

TheBuild button compiles and assembles those files tha bhanged and links
the selected targets.

TheRebuild button compiles or assembles all files and litkesdelected targets.

TheClean button removes the object files for the selecteddts.

! Batch Build can be used in a Multi-Project setuyo
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Chapter 7. Debugging

The pVision Debugger can be configured as a Simdlat as a Target
Debugget. Go to theDebugtab of theOptions for Target dialog to switch
between the two debug modes and to configure eacle m

The Simulator is a software-only product that simulates mostuies of a
microcontroller without the need for target hardevaBy using the Simulator,
you can test and debug your embedded applicatifamebany target hardware or
evaluation board is available. pVision also sirtegaa wide variety of
peripherals including the serial port, external, lliers, and interrupts.
Peripheral simulation capabilities vary dependinglee device you have
selected.

TheTarget Debuggeris a hybrid product that combines pVision with a
hardware debugger interfacing to your target syst&he following debug
devices are supported:

= JTAG/OCDS Adapters that connect to on-chip debugging systems like the
ARM Embedded ICE

= Target Monitors that are integrated with user hardware and tleat ar
available on many evaluation boards

= Emulators that connect to the MCU pins of the target har@war
= |n-System Debuggerghat are part of the user application program and
provide basic test functions

Third-party tool developers may use the Keil Adweth&GDI to interface pVision
to their own hardware debuggers.

No matter whether you choose to debug with the &itauor with a target
debugger, the pVision IDE implements a single ugerface that is easy to
learn and master.

! The Simulator offers more capabilities and feasuttean those available when debugging on
target hardware. The Simulator runs entirely oa BC and is not limited by hardware
restrictions.

2 Programs run on your target hardware. You canudgepour application with restrictions.
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TO debug programs Options for Measure - Target 'LPC2129 Simulator’ ==
u Si ng th e Sl mu | ator’ Device | Target | Output | Lising | User | C/C++ | Asm | Linker Debug | Utiies |
Ch eCk : E:;i;n:z?; N Settings || © Use: |ULINKARM Debugger j Settings
Use SI m U |at0 r O n th e ¥ Load Application at Startup ¥ Runto main() [V Load Application at Startup [~ Run to main{)
Ieft SI d e Of th d:)ebu g Initialization File: Initializztion File
| “Measure ini J Edit ‘ J
d Ial Og . Restore Debug Session Settings Restore Debug Session Settings
¥ Breakpoirts V¥ Toolbox ¥ Breakpoirts ¥ Toolbax
¥ Watchpairts & PA [~ Watchpoirts
TO de b ug prog rams ¥ Memory Display ¥ Memory Display
running on target
CPUDLL: Parameter Driver DLL: Parameter:
hardware, check [sARMDLL  [<LFC2i00 SARM DLL
Use Hardware
1 Dizlog DLL: Parameter Dialog DLL: Parameter:
D_ebu gger >0n the rlg ht |DARgI‘v1P DLL -pLPCEZt1 09 ‘TAR?VIP.DLL |-pLPCeE11[)5
side of theDebug
d |a| og . 0K | Cancel | Defautts | Help

In addition to selecting whether you debug with Simulator or Target
Debugger, th®ebugdialog provides a great variety of debugger camfigjon

options.
Control Description
Settings Opens the configuration dialog for the simulation driver or the
Advanced GDI target driver
Load Application at Startup Loads the application program when you start the debugger
Limit Speed to Real-Time Limits simulation speed to real-time such that the simulation
does not run faster than the target hardware
Run to main() Halts program execution at the main C function. When not set,
the program will stop at an implicit breakpoint ahead of the main
function
Initialization File Specifies a command script file which is read and executed
when you start the debugger, before program execution is
started
Breakpoints Restores breakpoint settings from the prior debug session
Watchpoints & PA Restores watchpoints and Performance Analyzer settings from
the prior debug session
Memory Display Restores memory display settings from the prior debug session
Toolbox Restores toolbox buttons from the prior debug session
CPU DLL Specifies the instruction set DLL for the simulator. Do not
modify this setting.
Driver DLL Specifies the instruction set DLL for the target debugger. Do not
modify this setting.
Dialog DLL Specifies the peripheral dialog DLL for the simulator or target
debugger. Do not modify this setting.
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Simulation

uVision simulates up to 4 GB of memory from whigesific areas can be
mapped for reading, writing, executing, or a corabon of these. In most cases,
pVision can deduce the correct memory map fronptbgram object module.
Any illegal memory access is automatically trappad reported.

A number of device-specific simulation capabilitaae possible with pVision.
When you select a microcontroller from the Devicgdbase, pVision configures
the Simulator accordingly and selects the apprtgimestruction set, timing, and
peripherals.

The pVision Simulator:

= Runs programs using the ARM7, ARM9, Thumb, Thun@@5s1,
C166/XE166/XC2000 instruction sets

= |s cycle-accurate and correctly simulates instamgtiand on-chip peripheral
timing, where possible

= Simulates on-chip peripherals of many 8051, C166662XC2000, ARM7,
ARM9, and Cortex-Mx devices

= Can provide external stimulus using the debuggscript language

Starting a Debug Session

When you start a debug session, pVision loadsppkcation, executes the
startup code, and, if configured, stops at the @afanction. When program
execution stops, pVision opendext Editor window, with the current source
code line highlighted, and@isassembly Window showing the disassembled
code.

@} Use theStart/Stop Debug Sessic command of th®ebug Toolbar to
start or stop a debugging session. Screen layoetsestored when
entering and saved automatically when closing tebugger.

=» The current instruction or high-level statemene (@me executed on the

next instruction cycle) is marked with a yellowaa Each time you
step, the arrow moves to reflect the new curreat dir instruction.
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This screenshot below shows some of the key windmagable inDebug
Mode.

| Source Editor ‘ ‘ Peripheral Window ‘

‘ Register Window ‘ ‘ Disassembly Window ‘

v 3 X

8 System Viewer Windows

Show or hide the system viewer
windows

47:

E3560000
Ox000002C4 1A000001
000002C8 E3A00001
5.247 mf0x000002CC  EA000000
DO E MoV

Pulse Width Modulator (PW|

-» Hw0x000002D4 ES9F10C8 LDR
000002D8 ES911000 LDR PR:| JCR: | I Reset IR: [Bx00000000
000002DC E1D00721 BICS pC: Tc I PWM Enable )
5247m}ox000002E0 0A000017 BEQ <
[~ Match Channels
x| MRc | intemupt [ Reset | Stop | MRxnt [ Latch | PWM .
0  00000000H

os_dly_wait

(x40000538
000000200
000000244

*

95690ms

*
]
@ Supervisor main 99.690 ms
& Abort = Serial 13298 ms
- Undefined Seriallnit 0322 s
= Intemal sendchar 13.291ms
= Ous
6.680 ps
10.687ms © B X | Symbols
2111823 A - )
Ous 0% Mask: I™ Case Senstive
Name | Address | Type |l
0x40000090: 407D4400 41000000 0000407F ] Blinky Module
0x4000009C: 00000000 4@60000 00314949 ] Font5x7 Module _]
0x400000A8: 417F4100 4Q7F0000 00404040 =] . LEDmatrix Module
0x400000B4: 00 41§3SE0000 00224141 @ CoL x40000020 amay]8] of uint
° 0x400000C0: 7E 09230075 00080808 @ dsps.. mm int
0x400000CC: 4040407F 0Y7F0040 00060909 o amay[9) of uint
0x400000D8: 4141413E 61}620022 00464951 } [ uchar -
0x400000E4: 407F4200 SUSE0000 003E4549
0x400000F0: 25454121 000031 00000000~ |EICommand [Rocis [RBwstfh | @symvos
Show or hide the system vieer windows Real-Time Agent: Target Jtopped Simulation t1: 0.12405931 pec CAP
Call Stack ‘ ‘ Memory Window ‘ ’ Symbols Window ‘

‘ Performance Analyzer ‘
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Debug Mode

Most editor features are also available while dginmg TheFind command can
be used to locate source text and source codeecarobified. Much of the
Debugger interface is identical to the Text Editherface.

However, inDebug Modethe following additional features, menus, and
windows are available:

DebugMenu andDebug Toolbar— for accessing debug commands
= Peripherals Menu — is populated with peripheral dialogs usechtmitor the

environment

=« Command Window — for executing debug commands and for showing
debugger messages

= Disassembly Window- provides access to source code disassembly
« Registers Window- to view and change values in registers directly

= Call Stack Window — to examine the programs call tree

= Memory, Serial, andWatch Windows — to monitor the application

= Performance Analyzer Window- to fine tune the application for
performance

= Code Coverage Window- to inspect the code for safety-critical systems

= Logic Analyzer Window — to study signals and variables in a graphicahfo

= Execution Profiler — to examine the execution time and number o§call

= Instruction Trace Window - to follow execution of the program sequence

= Symbol Window — to locate program objects comfortably

= System Viewer- to supervise peripheral registers

= Multiple Debug Restore Layouts— can be defined to switch between
preferred window arrangements

Besides the disabled build commands, you may not:

= Modify the project structure
= Change tool parameters
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Using the Command Window

Generic compile and Command

. . define button "&nalogl O0..3V", "Analogl(3.0)" -
debug Informatlon are define button "Stop Analogl®™, "signal kill Analogl™
displayed here while 1cD Display()

stepping through the code. = 2

ush 52
Addltlonal nOtIflcathnS %** ;IIOI“ 99: =signal() already activated
are provided if, for pusn_s2 ()
example, memory areas - 3
cannot be accessed. Enter> _ 3 _
debugger Commands on AS5IGN BreakDisable BreakEnable BreakKill BreakList BreakSet |
the Command Line of the
Command Window. Valid instructions will rise on its status baitlwhints to
parameters and parameter options. Insert expresgioview or modify the
content of registers, variables, and memory ar&asi can invoke debugger
script functions as well. We strongly advise yountake use of the detailed on-
line help information, by pressirgy. Describing the many options available is
beyond the scope of this book.

Using the Disassembly Window

Configure this window by  pisssensy
) ; - 0014 19x08000128 4668 MOV r0,sp -
|nV0k|ng itsContext 0014808000124 F3808808 MSR PSP, 20
. 0042 9x0800012E 4804 LDR x0, [pe, $16]  ; BOx08000140
Menu. You can use this 0042 px08000130 6800 LDR 0, [0, $0x00]
. . . 0014 p9x08000132 07CO LsLS r0,x0,$31
window to view the time 0.014p9x08000134 BF14 ITE NE
. . 004 ps)x08000136 2002 MOVNE 0, #0x02
an |nstruct|0n needs to 0014 p9)x08000138 2003 MOVEQ 0, $#0x03
. 0028 p9x08000134 F3808814 MSR CONTROL, £0
execute or to display the = 1x0800013E 4770 BX 1r
JX08000140 12DC BSRS re,r3, $11
1x08000142 0800 LSRS x0,70,%0
number of calls. You can L
)x08000144 FBDFCO18 LDR.W  ri2, [pc,$24] ; @0x02000160
also set or remove
b kpoint d )x0800014% F3EFS305 MRS r3,IPSR i
reakpoints an ‘ ' 0
bookmarks.

View a trace history of previously executed instiarts through the
View — Trace — View Trace Record$/enu. To view a history trace, enable the
optionView — Trace — Enable Trace Recording

If the Disassembly Windowis the active window, single-stepping works at the
assembler instruction level rather than at the fanogsource level.
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Executing Code

pVision provides several ways to run your prograrvieu can

= [nstruct the program to run directly to the maifu@ction. Set this option in
theDebugtab of theOptions for Target dialog.

= Select debugger commands from BebugMenu or theDebug Toolbar

= Enter debugger commands in themmand Window

= Execute debugger commands from an initializatita fi

Starting the Program

Select theRun command from
theDebug Toolbar
or DebugMenu
or typeGO in theCommand Window to run the program

Stopping the Program

€ SelectStop from
the Debug Toolbar
or from theDebugMenu
or press th&sc key while in theCommand Window

Resetting the CPU
far  SelectResetfrom
the Debug Toolbar
or from theDebug — Reset CPWenu
or typeRESET in theCommand Window to reset the simulated CPU
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Single-Stepping

'y
==

To step through the program and into function aadls theStef
command from th®ebug Toolbar or DebugMenu. Alternatively,
you enteflTSTEP in theCommand Window, or press11.

<

To step through the program and over function castheStep Ovel
command from th®ebug Toolbar or DebugMenu. EnterPSTEPIin
the Command Window, or press10.

m,
wa

To step out of the current function use 8tep Out command from the
Debug Toolbar or DebugMenu. EnterOSTEP in theCommand
Window, or pressCtri+F11.

Examining and Modifying Memory

pVision provides various ways to observer and cagrggram and data
memory. Several windows display memory contentssieful formats.

Viewing Register Contents

TheRegistersWindow shows the content of Registers x
microcontroller registers. To change the contémt 0 === Ve
H H H RO O DOO00004
register double-click on the value of the register. i 520000008
H R2 00000100
You may also pres= to edit the selected value. R3 00800041
R4 Q<02000520
R5 03000520
R& Q<D0000000
R7 Q< 00000000
RE2 O DO000000
RS Q< 00000000
R10 D DOO00000
R11 O DO000000
R12 Q00000000
R13 {5F) 20000208
R14 {LR) Q<080003591
R15{PC} 02000488
+- PSR 01000000
+- Banked
+- System
=l Intemal
Mode Thread
Privilege Privileged
Stack MSP
States 27936754
Sec 0.38801158

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/842241/ULINKPRO.html

Getting Started: Creating Applications with pVision

Memory Window

Monitor memory areas through four distiddemory Windows.

Open theMlemory Window from theDebug Toolbai or the
View — Memory — Memory[x] Menu

The Context Menu allows you to select the — Memoyt ::
output format. [ s Fmeriosros Wl
0x00000001: 002 000 032 253 000 000 008
. . . OXOOOOOOOSi 00:=l Decimal
Enter an expression in taldressfield to 000000016+ 200 0 Unsigned .
monitor the desired area or object. To chang&)oooozs: 000 o Semee g
the content of an address, double-click on the€soosoes: oo
value and modify it. mtoasonso: 513 § | oo
0x00000047: 008 O
. i i Ox0000004E: 000 Q Modify Memary at 0200000002
To update thdemory Window periodically, 2Zoooocss: oo) o setbreakpoint atoocoonos
enableView — Periodic Window Update gxoo0nOoEs: Doa 9 N AddWimervedposto.. ¥
UseUpdate Windowsin the Toolbox to [sticanstee | duocai [oglwaten 1 | @wemonys

refresh the windows manually.

11 To stop theMemory Window from refreshing, uncheckiew — Periodic
Window Update, or use thd_ock button to get a snapshot of the window.
You may compare values of the same address spae&ibhyg snapshots of
the same section in a secdviémory Window.

Memory Commands

The following memory commands can be entered irfCii®mand Window.

Command Description

ASM Displays or sets the current assembly address and allows you to enter
assembly instructions. When instructions are entered, the resulting op-
code is stored in code memory. You may use the in-line assembler to
correct mistakes or to make temporary changes to the target program.

DISPLAY Displays a range of memory in the Memory Window (if it is open) or in the
Command Window. Memory areas are displayed in HEX and in ASCII.

ENTER Allows you to change the contents of memory starting at a specified
address

EVALUATE Calculates the specified expression and outputs the result in decimal,
octal, HEX, and ASCII format

UNASSEMBLE Disassembles code memory and displays it in the Disassembly Window
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Breakpoints and Bookmarks

In pVision, you can set breakpoints and bookmartkien

= Creating or editing your program source code
= Debugging, using thBreakpoints dialog, invoked from th®ebugMenu

= Debugging, using commands you enter inGoenmand Window

Setting Breakpoints and Bookmarks

To set execution breakpoints in the v | Mixed Mode
source code or in thRisassembly

. Assembly Mode
Window, open theContext Menu and

select thénsert/Remove Breakpoint Address Range '
Command_ Show Disassembly at Address...

Set Program Counter
You can double-click the gray sidebar of:qy gunto cursor line Crl=F10

the Editor Window or Disassembly _
Window to set a breakpoint, or use the Insert/Remove Breakpoint
breakpoint buttons of thelle Toolbar. (3 Enable/Disable Breakpoint Ctrl+F3

Breakpoints and bookmarks visualize in

the Editor and theDisassembly foad Hexor Objectfie..

Window alike and differ in their Instruction Trace 3

coloring. Breakpoints will display in Executjon Profiling v

red, where as bookmarks can be - .

recognized by their blue color. 17 Insert/Remove Bookmark Ctri=F2
53 Copy Ctrl=C

Analog actions are required to define
bookmarks. In contrast to breakpoints, bookmarikisnat stop the program
executing.

UseBookmarks to set reminders and markers in your source c@u#ine the
critical spots easily and navigate quickly betwbenkmarks using the bookmark
navigation commands. You can also define a bookmad a breakpoint on the
same line of code concurrently.

Whereas bookmarks do not require additional expians, breakpoints are
discussed in detail in the following section.
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Breakpoints Window

Invoke theBreakpointS Breakpoints ==
W|nd0W from the Cument Breakpoints:
Debug Menu i|:||:|: (E) (x00000A60

|:|. 02: (A readwrite Ox4000000C len=4), 'startflag”. count=4,
03: (A write OxE0034000 len=4), "ADCR == (x002E0401°, count=4,

You have to stop the ] 04: (E) 0x00000A64

program running, to get

access to this dialog. g 8
. L Access

Modify existing Expression: [setiterval sec == 100 [ Read [ Wite

breakpoints and add newy  cest: [T = Sie: -

breakpolnts Vla thls Command: |prirrlf|,"-."3';1.|. Interval sec set to: ' W', setinterval sec); =y

dialog. Enable/disable

breakpoints using the Defire | Kl Selected | KAl | Cose | Hep |

checkbox in the
Current Breakpoints list. Double-click on an existing breakpoint todify its
definition.

Define a breakpoint by entering Brpression Depending on the expression
entered, one of the following breakpoint typesafiried:

= An Execution Breakpoint (E) is defined when the expression specifies a
code address. This breakpoint is triggered whersprecified code address is
reached. The code address must refer to thebfitetof a microcontroller
instruction.

= An Access Breakpoint (A)is defined when the expression specifies a
memory access (read, write, or both) instructidhis breakpoint is triggered
when the specified memory access occurs. You mpegify the number of
bytes or objects (based on the expression) whigher the breakpoint.
Expressions must reduce to a memory address aad @perators (&, &&,
<. <= >, >= == I=) may be used to compare valoefore thé\ccess
Breakpoint triggers and halts program execution or exectite€bdmmand.

= A Conditional Breakpoint (C) is defined when the expression specifies a
true/false condition and cannot be reduced to a@nead. This breakpoint is
triggered when the specified conditional expresgdrue. The conditional
expression is recalculated after each instructibimerefore, program
execution may slow down considerably.
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When aCommand has been specified for a breakpoint, pVision etescthe
command and continues to execute your target pmagiehe command specified
can be a pVision debug function or signal functidio. halt program execution
in a pVision function, set thesreak_ system variable. For more information,
refer toSystem Variablemm the on-line help.

The Count value specifies the number of times the breakmiptession is true
before the breakpoint is triggered.

Breakpoint Commands

The following breakpoint commands can be enteredeiCommand Windows.

Command Description

BREAKSET Sets a breakpoint for the specified expression. Breakpoints are program
addresses or expressions that, when true, halt execution of your target
program or execute a specified command.

BREAKDISABLE Disables a previously defined breakpoint
BREAKENABLE Enables a previously defined breakpoint that is disabled
BREAKKILL Removes a previously defined breakpoint

BREAKLIST Lists all breakpoints

You may also set execution breakpoints while eglibtndebugging using buttons
on theFile Toolbar.

Watchpoints and Watch Window

By default,Watch Windows consist of four page tabs: thecalsto view
variables of the current function, tWdatch pages for personalized watchpoints,
and theCall Stack showing the program tree. Through Watch Window, you
can view and modify program variables. Nestedtionccalls are listed in this
window as well. The content is updated automdyic@henever you step

through the code iDebug Modeand the optioview — Periodic Window
Updateis set. In contrast to tHeocals Window, which displays all local
function variables, th&/atch Window displays user-specific program variables.
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Watchpoints
Define watchpoints to observe watch1 X
variables, objects, and memory| name Value |
areas affected by your target \Measure \mdisplay Q00000000
program. Watchpoints can be (FORTO & (3000)>>15 (00000001
defined in twowatch pages FPortd 7BFFFFFF

. al =\ Measure'setinterval struct interval { .. }
TheLocals Window contains i D0
items of the currently executed sec 00
function. Items are added CLO"[;T{ED iﬁmu
a.U-tomatlca”y to thé&ocals
Window.

|5,-11Ca|| Stack |,€;§Laca|s |,;';"EWatch1 |£Euﬁ.-‘atch 2 |

There are several ways to add &
watchpoint:

= |n anyWatch Window, use the fiel&double-click or F2 to add>

= Double-click an existing watchpoint to change thene

= |n Debug Mode open theContext Menu of a variable and us&dd <item
name> to... — Watch Window. pVision automatically selects the variable
name beneath the mouse pointer. You can also amaekpression and add
it to theWatch Window.

= |n theCommandWindow, use thewVATCHSET command to create a new
watchpoint

= Finally, drag-and-drop any object from t8gmbols Windowor from source
code files into th&vatch Window

Modify local variables and watchpoint values by blledclicking the value you
want to change, or click on the value and pressRemove a watchpoint by
selecting it and press tibel key.

Watchpoint Commands

The following watchpoint commands can be enterati@Command Window.

Command Description
WATCHSET Defines a watchpoint expression to display in a Watch Window
WATCHKILL Deletes all defined watchpoint expressions in any Watch Window
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Serial I/0 and UARTSs

pVision provides thre8erial Windows, named {JART #{1|2|3}», for each
simulated on-chip UART. Serial data output frora gsimulated microcontroller
are shown in these windows. Characters you tyjoetie Serial Window are
considered input to the simulated microcontroller.

UART #1

R R R R R REHOTE }LEASURE].LENI‘ RECORDER R R R o R R R R
| Thi=s program iz a simple Measurement Recorder. It is based on |
the S5TR912FW44 and records the state of the Buttons 52,53 and |
the voltage on the four analog inputs ADDO trough AD3. |

|

|

+ command -+ syntax —--—-——-— + fuwnetion ----————————————————— - — — ——— +
| Read | B [n] | read <n> recorded measurements |
| Display | D | display current measurement values |
| Time | T hh:mm:=s= | =et time |
| Interval | I mm:ss.ttt | set interval time |
| Clear | C | clear measurement records |
| Quit R | guit measurement recording |
| Start | 5 | start measurement recording |
Fo—m——————— Fomm e et e +
Command: r 1

Command: d

Display current Measurements: (ESC to abort)

Time: 0:00:22.858

GPICA:0001 GPICC:3000 RA1:2.70V A2:0.00V A3:0.00V

m

Toolbox @

Update Windows

Button Key2
Button Key3
My Status Info
Analogl 0.3V
Stop Analog1

The serial output can be assigned to a PC COMusang theASSIGN
Debugger command.

Several modes for viewing the data are provided:

= Basic VT100 Terminal Mode
= Mixed Mode

= ASCII Mode

= HEX Mode

You can copy the content of the window to the adigial or save it to a file.
Where applicable, you can use Faolbox" features to interact with the

program.

1 You can add, remove, and change Toolbox buttoasyatime. Use the Command Line in the
Command Window for this purpose.
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Execution Profiler

TheExecution Profiler in pVision records the amount of time and the nemb
of times each assembler instruction and high-lstatement in your program
executes.

The amount of time and the number of calls, whiehdasplayed in the
DisassemblyWindow and in theEditor Window alike, are cumulative values.

Measure.c r Getline.c r Mcommand.c r Serial.c r Retarget.c l v X
163 461 = ndisplay = 0; /* mdisplay = 0 for ready sig. */ z‘
164 H
165
166 461 = TIM3->5R &= ~(1<<0); /* clear UIF flag *f
167 H
168
169 e
170
171 =1
172 R *xy
173 L’ Calculate first Read Index *f
174 frEREkEkktk bkttt tttb bbbttt tbdkdbddbddbbbkkdkddddhbdkdkhthth bk k *k )/

175 NE*]static int read index (char *buffer) {

02176 I int index = 0:

177 int args:; -
4 4

Enable théexecution Profiler through thédebug — Execution ProfilingMenu.

Invoke theContext Menu of theDisassembly Windowto switch between the
time and calls.

When you locate program hotspots (with Berformance Analyzel), the
Execution Profiler makes it easy to find real performance bottlenecks
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Code Coverage

TheCode Coverage Code Coverage x
Window marks the code Mode: [ <Al Modues> =
that has been executed’ an _od:;esfFundcilons | Execution percentage I;
gI’OUpS the |nf0rmat|0n measurs_display 0% of 40 instructions
based on modules and e el 0t of St
i +- Getline
functions. o Getine
save_cument_measur... 0% of 38 instructions
H adc_Init 100% of 60 instructions
Use thls feature to teSt TIM3_IRGQHandler 44% of 125instructions, 10 condjumpi(s) not fully executed
safety-critical applications read_index 0% of 43 instructions
. . clear_records 100% of 17 instructions
where certification and i 3% of 262 instructions
validation is required. i
+ Serial i
+- Retarget -

You can detect instructions
that have been skipped, or have been executed paitially, or not at all.

Code Coverageadata can be saved to a file. You can even incudemplete
CPU instruction listing in this report. To makeeus all these features, examine
the COVERAGE command in th€ommand Window.

In addition to theCode Coverage Window pVision provides color-coded hints
on the side bar of tHeisassemblyandEditor Window . The colors have the
following meaning:

= Lines not executed — are marked withray block

= Fully executed lines — are marked witraenblock

= Skipped braches — are marked withoaange block

« Executed branches — are marked witiiuee block

= Lines with no code — are marked withight grey checkedblock
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Performance Analyzer

The pVisionPerformance  petomance ansiyzer x
. Module,/Function Calls | Time(Sec) Time{%) -
Analyzer displays the = Measre W—:—
: : =1 Measure ms |69% T
execution time recorded o armtme. | 0| ae o
for functions in your ?I'TI\Cd_SI_n\T?QHandIer 421 35;[_);“;2”3 ? :
application program. gl P el
main 0 12 13ms |68%
= Serial 42038 ms 253':, | |
Results show up as bar g | e .
graphs along with the Sl B
1 * ¥ 0 i} |
number of calls, the time Lot ol |
spent in the function, and - Getine b 0% g
+ STM3Z Init Ops ) 1 -

the percentage of the total
time spent in the function.

Use this information to determine where your pragspends most of its time
and what parts need further investigation.

Objects are sorted automatically dependent onirtires gpent.

Invoke theContext Menu of thePerformance Analyzerto switch to another
presentation of your investigation. You can dtive output to display statistics
of modules or functions. Eventually, you might ai¢e clean up the collected
data to get a fresh summary.

Double-click an object exposed in the Module/Furttolumn to jump to the
source code line.
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Logic Analyzer

ThelLogic Analyzer D e e —— ) o
. Setup .| Export 4021874s | 40.24295s |0.100000ms 0.005000ms | In ||Out] Al Show Auto Undo
displays values of =

variables or virtual
registers and shows the - —C

changes on a time axis. & mm JM Hﬂ = U W e J{
e e

Add values through the

Setup ...button or drag D >< ><

and drop objects from

other windows into the

ADCT_INT

| e—

Logic Analyzer. oo T L
Presel, or use the o st ——

Setup... button,
or invoke theContext Menu
to remove items from the list.

TheLogic Analyzer window contains several buttons and displays s¢wetds
to analyze data in detail. Move the mouse poitat¢he desired location and
wait one second to get additional information, whpops-up automatically.

Control Description

Setup... Define your variables and their settings through the Logic Analyzer Setup dialog
Export... Saves the currently recorded signals to a tab-delimited file

Min Time Displays the start time of the signal recording buffer

Max Time Displays the end time of the signal recording buffer

Range Displays the time range of the current display
Grid Displays the time range of a grid line
Zoom Changes the time range displayed. Zoom All shows the content of the buffer

recording the signals. Zoom Sel zooms the display to the current selection (hold
Shift and drag the mouse to mark a section).

Show Opens the Editor or Disassembly Window at the code that caused the signal
transition. It will also stop the program from executing.

Setup Configures the range of a signal. The Auto button configures the minimum and
Min/Max maximum values based on the values from the current recording. The Undo button
restores the settings prior to using Auto .
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System Viewer

Peripheral Registers are memory mapped regis1__ —
that a processor can write to and read from to Vedtored Interupt Controter (1)
control a peripheral device. pVision provides an”/ o oo«

General Purpose Input/Qutput (GPIO)

advanced method for viewing and debugging Memory Acceerator Module (MANY
these peripheral registers. Phace Locked Loz (PL)

WPE Divider

Power Control
Invoke theSystem Viewerfrom the geema et
Debug Toolbaror from the Timer1
View — System Viewer WindowsVienu. You Puls W Modltor (UMD

Universal Asynchronous Receiver Transmitter O (UARTO)

Can deflne Up tO 100 dlfferent perlpheral ObjeotS t Universal Asynchronous Receiver Transmitter 1 (UARTL)
monitor their behavior.

SPIO (Serial Peripheral Interface 0}
SPIL (Serial Peripheral Interface 1)
The System Vieweroffers the following features:| ™™«

CAN Acceptance Filter RAM

= Parse a microcontroller device C header filg| = o aceptance Fiter

CAN Central Registers

into a binary format AN Contrafer 1 (can)

- . CAN Controller 2 [CANZ)

= Additional properties can be added to the CAN Controler 3 (CANG)
)

CAN Controller 4 [CAN4

header file to provide extra information such ...
as Peripheral Register descriptions and the
data breakdown of an Peripheral Register

= The value of a Peripheral Register is juisionsrr-Grid checksrr =2
updated either from the Simulator or 12}
Property Value

from the target hardware. This can 700 o ciceasm
happen when the target is stopped, Or & [6rsFro @0x40000030 = 0x00000080

H H H Low-nibble mode “** undefined value 0x) ***
perIOdlca"y by enabllng the High-nibble mode Mode #11
View — Periodic Window Update Encble nibblebit 0
7-bit field 0:0

Menu.

Unused halfword 00

= At any time, the content of a
Peripheral Register can be changed
simply by overwriting its value in the
. GRSFRO @0x40000030 := 0x000000B0
System Viewer GRSFRO - a test sfr

PropertyGrid attribute checker

[® Pin Connect Block | [ uVision SFR-Grid ... | [ 12C Interface
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Symbols Window

The Symbols Windowdisplays information from the Debugger in an oedier
and grouped manner and can be called vid#igug Toolbaror from the
View—Symbol Window Menu. This functionality includes objects:

= Of simulated resources as the virtual registémmulator VTREG, with

access to I/0 pins, UART communication, or CANftcaf

= From Peripheral RegisteBeripheral SFR, to access peripherals

= Of the embedded application, recognizable by tmeenaf the program, with
access to functions, modules, variables, structares other source code

elements

Use this functionality to find items quickly. Dragd drop the objects to any

other window of pVision.

Mask works similar to a
find function. Enter your
search criteria and browse
the results. For nested
objects, the entire tree is
displayed if a leaf item is
found. The following
search criteria may be
used:

# matches a digit (0 - 9)

$ matches any single
character

* matches zero or more
characters.

Configure the window by

invoking theContext
Menu.
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Symbols X
Mask: |m™ [~ Case Sensttive
Name Address | Type
Simulator VTREG
+ P Peripheral SFR
- E Measure Application
+-[77 Runtime Library
+ Getline Madule
- Meommand Module
- & measure_display k00000264 Function
- @ display [R13+8-28] struct mrec
- i@ time struct clock
@ min uchar
@ msec ushort
- & set_interval k0000D03D4 Function
+- g itime [R13+8-16] struct interval
@ min [R13+#-20] int
i@ msec [R13+5-28] int
+- @ set_time k00000308 Function
= Measure Module
i  mdisplay (be20000008 int
i@ measurement_interval | (40000004 int
@ menu 00002540 amay[860] of uchar
@ main (k0000820 Function
Retargst Madule
[] Seral Module
|-;,-'_'|Call Stack |¢F§aL-Jcals |j§§:—‘."atch 1 | il Memory 1 |_|ESymb0Is
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Browse Window

TheBrowse Window enables you to search for objects in the codes fEature
can be used iDebugandBuild Mode. Nevertheless, the browse information is
only available after compilation. You have to thet optionOptions for Target

— Output — Browser Information to signal to the compiler to include browse
information into the object file. Launch this wion via theFile Toolbar or

View — Source Browser Window

Enable or disable theilter on buttons, enter your search criteria in Syambol
field and narrow the result through thge Outline drop-down. You can sort the
results by clicking the header controls. Clickitem to browse the occurrences
and locate its usages. Double-click a line inDieéinition and Referencegage
to jump to the code line.

Browse x
Symbal: |* ﬂ Memory Spaces: | eram
Filter on: Macros Data ¥ data
v const
Functions Sfr{Bits) ™ srom
Parameters Types W code
File Outline: | <all files> |
& MName | Class Type Space | Uses + | Definitions and References - time
vsscanf functicn func code 1 E| . ChKeilhARNM\Examples\Measure\measure.h
vsprintf function func code 1 ¢ .id® [D]Line19, member of tag ‘'mrec’
vsnprintf funct!on fune code 1 BB . C \Kal\ARM\Examples\Measure\Measure c
\rsc?n; :unc:!on ;unc coje i [ R]Line 106 [rfw]
vprin unction unc code
vfscanf function func code 1 ‘ [ R LfnelU? [W:]
viprintf function func code 1 ' Id: [R] L!I"IElUg [r/w]
wval data uint data 6 ~idy [R]Line110 [w]
ungetc function func code 1 -----idﬂ [R]Line112 [r/w]
toupper function func code 2 -----id§ [R]Linel1l3 [w]
tolower function func code 1 .....id§ [R1Line115 [rfw]
trpnam function func code 1 -----id§ [R]Line116 [w]
tpfile functicn func code 1 [ R]Line173 [w]
time member struct data 19
. [R]L|r1e222 [r]
jat] function func code 2
stdout rmacro none 5 |';‘|- C‘\KEH\ARM\E}@mples\Measure\Mcommand .
stdin macro none 1 ~idy [R]Line30(r]
stderr macro none 1 -""ld‘ [R]Line31[r]
startflag data int data 6 -----id§ [R]Line32(r]
stack_limit member uint data 1 -----id§ [R]Line33[r]
stack_base member uint data 1 -----idﬂ [ R Line 59 [w]
sscf':mtfF :unc:ion ;unc coje i dﬂ [R]Line50 [w]
sprim unction unc code 4 .
snprintf function func code 1 - d: [R] LWEG]‘ [w]
- m - df [R]Line 62 [w]

Invoke theContext Menu while pointing at an item. Dependent on the object
class you will get different options. For functsryou can invoke the callers
graph and the call graph.
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Toolbox
TheToolbox contains user-configurable buttons that Toolbox =S
execute debugger commands or user-defined functions [ Update Viindows
Click on aToolbox button to execute the associated 1 Button Key2
command.Toolbox buttons may be clicked at any time, 5 Button Key3
even while the program executes. 2 My Status Info
Analog1 0.3V
Define aToolbox button using th€ommand Window ‘ St::;aw
and theDEFINE BUTTONY? command. Use the same °

command to redefine the button. The general syfiotathis command is:

DEFINE BUTTON " button_| abel *," conmmand"

Where:
but t on_I abel is the name that displays in the Toolbox
command is the command that executes when the buttoresspd

The following examples show the commands useddaterthe buttons in the
Toolbox shown above:

DEFINE BUTTON " Deci mal Qut put”," radi x=0x0A"

DEFINE BUTTON" My Status Info"," MStatus ()" /* call debug function */
DEFINE BUTTON " Anal ogl 0..3V"," analogO ()" /* call signal function */
DEFINE BUTTON " Show R15"," printf (\"R15=%04XH\n\")"

Remove a oolbox button with theiLL BUTTON ®* command. The button number
required in this statement is shown on the lek sifithe button. For example:

KILL BUTTON 5 /* resembles to: “Remove the ‘Stop Analogl’ button” */

! The printf() command defined in the last exampiiodluces nested strings. The double quote (")
and backslash (\) characters of the format stringstbe escaped with \ to avoid syntax errors.

2 Use this command to redefine the meaning of abuwit change the description.

% TheUpdate Windows button in the Toolbox is created automatically @aginot be removed.
When pressed, this button updates the contentsvefa Debugger windows.
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Instruction Trace Window

To follow the instruction sequence history, invdke Instruction Trace
Window from theDebug Toolbaror via theView — TraceMenu. Use this
window in conjunction with th®isassembly Window Trace recording has to
be enabled to gather the information needed. Tsodase the

View — Trace — Enable Trace Recordingienu.

Double-click any line in thénstruction Trace Window to jump to or open the
Disassembly Window Use the predefineflilter options to view the instruction
tree in the preferred mode.

Instruction Trace b4
) ) . ) Fitter: |Execution-All - il
ThIS funCtlonallty IS : Opcode Instruction
i L e A

available for the TUE2 | 0001284 | E2BFCODT | ADD  RIZFC #0<00300001

. . 53 | 0001263 |ET2FFFIC | BX  RI12
Simulator and while 54 | D«0DDIZ6C | 4C05 DR R4[PC.HODI4]

. 55 | xD00D12E | 4D06 DR R5[PC.HG018]
debugg| ng the target 5 | 00001270 | EDO4 B BeODIDIZIC
. 57 | xDODDI27C | 42AC CMP  R4RS5
hardware. The window’s 58 | B0D0127E | D3FB BCC  eID001272
. 59 | 00001272 | 0020 5L RO.R4x0

look and feel mlght vary, 60 | «D0DD1274 | CSOF LDMIA  ROI{RO-R3}

. . 61 | 00001276 | FODO BL  _ARM_ common_cal_via_r}{B00001B7C) - Patt &1
since it depends on the 62 | O«00001278 | FC81 BL  _ARM_common_cal_via_r3{lx00001B7C) - Part #2
d rlve r Settl ngS Of the I@Dl:asseml:l;‘ | ;ﬂlnstructlon Trace

debugging environment.

Defining Debug Restore Views

Multiple window layouts are possible Debug Modeto switch quickly between
preferred screen settings and window arrangemént®ke the layouts from the
Window — Debug Restore Views..dialog, or from thédebug Toolbar.

Restore defaults throughindow — Reset View to Defaults

Define and save your Debug Restore Views ==
preferred IOOk and feel Global Views: . Project Views: e
through theindow Defauk Lo | ey

. . MemoryAmangeme
Restore Views...dialog. I |
Global Views propagate to oo |
all your projects, where
Project Viewsare bound | coreh e ew:

. . MemoryAmangement [Project] _Close
to that particular project. enenrers ' _ceseie | o= |
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Chapter 8. Using Target Hardware

This section describes the debugging possibild@fgsVision in conjunction with
your target hardware. The Keil ULINK USB-JTAG Adapfamily is discussed
in detail, and third-party adapters are mentioned.

The following device families are supported by el ULINK adapters:

8051 ULINK for Infineon XC8xx, ST uPSD3xxx, and NXP LPC95x
166 ULINK for Infineon C166, XE166, and XC2000
ARM ULINK , ULINK Pro for ARM7, ARM9, and Cortex-Mx devices

The pVision Debugger interfaces to the target hardwhrough the following
drivers, which are provided by Keil:

8051 Monitor , FlashMon, MonADI , ISD51, EPM90C, Infineon DAS
251 Monitor
166 Monitor for C166
166 Monitor, Infineon DAS for XE166, XC2000
« ARM SEGGERIJ-Link/J -Trace for ARM7, ARM9, and Cortex-Mx

In addition, many third-party vendors offer pVisidrivers for their hardware,
for example:

8051 CyprestJSB development kit: for EZ-USB devices
8051 Quickcord-PGA based Pro805 device
8051 SSTSoftICE for FlashFlex51 devices

= 8051 Silab®Debug Adapter for C8051Fxxx devices

ARM Signum System3TAGjet for ARM7, ARM9, and Cortex-Mx
devices
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Configuring the Debugger

i%  ChooseTarget Options — from theBuild Toolbar and select thBebug

tab

Alternatively, you can use
theProject — Options for
Target Menu, to open this
dialog.

Check thdJseradio button
and select the appropriate
debug interface.

Control Description

Opens the configuration dialog for the simulation driver or the
Advanced GDI target driver

Settings

Load Application at Startup
Limit Speed to Real-Time

Run to main()

Initialization File

Breakpoints

Watchpoints & PA

Memory Display
Toolbox
CPU DLL

Driver DLL

Dialog DLL

Options for Timer - Target 'MCBSTM32'

" Use Simulator
[™ Limit Speedto Real-Time

[V Load Application at Startup
Initialization File:

Restore Debug Session Settings
[V Breakpoirts ¥ Toolbox
¥ Watchpoints & PA
[¥ Memory Display

CPUDLL: Parameter:

¥ Runto main(}

Device | Target“ Output | Llstmg“ User ‘ C/C++ | Asm | Linker Debug | Ut\lmes“

Settings || ™ Use: |ULINK ARM Debugger | Settings

Debugge
ULINK Cortex Debugaer
[# Load |RDI Interface Driver

Intializatiq Lumiriary Eval Board

’— Signum Systems JTAGjet
J J-LINK / J-TRACE

ST-Link Debugger
Cortex-M3 J-LINK
[¥ Breakpoints

[v Watchpoints
[# Memory Display

Restore)

Driver DLL: Parameter

Altera Blaster Cortex Debugger

I Toolbox

==

main(}

| e |

|SARMCM3.DLL |

Dialog DLL: Parameter:

|SARMCM3.DLL \

Dialog DLL: Parameter:

|DARMSTM.DLL |-pSTM32F1[)3RB

|TARMSTM.DLL \psmszm 03RB

OK

Cancel || Defaults |

Restores toolbox buttons from the prior debug session

Loads the application program when you start the debugger

Limit simulation speed to real-time such that the simulation does
not run faster than the target hardware

Program execution halts at the main C function. When not set,
the program will stop at an implicit breakpoint ahead of the main
function

Specifies a command script file which is read and executed
when you start the debugger, before program execution is
started

Restores breakpoint settings from the prior debug session

Restores watchpoints and Performance Analyzer settings from
the prior debug session

Restores memory display settings from the prior debug session

Specifies the instruction set DLL for the simulator. Do not
modify this setting.

Specifies the instruction set DLL for the target debugger. Do not
modify this setting.

Specifies the peripheral dialog DLL for the simulator or target
debugger. Do not modify this setting.
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Programming Flash Devices

The pVision IDE can be configured to program thesklmemory of your target
system. You can use third-party Flash programrtoonts that you may attach to
and invoke from the development environment. Fasigramming is
configured from theJtilities tab of theOptions for Target dialog. You have to
select the target driver, or a third-party comménd-tool, which is usually
provided by the chip vendor.

Options for Measure - Target 'LPC2129 Simulator' @
Device | Target | Output | Listing | User | C/C++ | Asm | Linker | Debug Utilties |
Corfigure Flash Menu Command
(% |se Target Driver for Flash Programming
| j Settings [ Update Target before Debugging
it File: | | e
" Use Extemal Tool for Flash Programming
Command:|—: C210c_ISP.EXE J
Argumerds:| H#H" X 5D COM1: 9600 1
[+
lTl Cancel | Defaults | Help

SelectUse Target Driver for Flash Programmingto use a target adapter, like
the Keil ULINK USB-JTAG Adapter, SEGGER J-Link, ERRIO Emulator, or
Silabs adapter to program your system’s Flash mgmor

SelectUse External Tool for Flash Programmingto use a third-party
command-line utility, like FlashMagic, to programuwy system’s Flash memory.

i3  Once configured, thBownload to Flast button of theBuild Toolbar
or Flash Menu downloads the program to your target systéftash
memory

You can configure the pVision Debugger to autonadiftradownload to flash
memory. To do so, chedkpdate Target before Debugging
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Configuring External Tools

To configure pVision for Flastprogramming with a command-line utility, select

Use External Tool for Flash Programmingand specify th€ommand and the

Arguments to be used.

#X ChooseTarget Options — from theBuild Toolbar and select the

Utilities tab

Alternatively, you can use theroject — Options for TargetMenu to open the

Utilities dialog.

Device | Target | Output | Listing | User | C/Cs++ | Asm | Linker | Debug Ltilities |
Configure Flash Menu Command

(" Use Target Driver for Flash Programming

| ULINK ARM Debugger =~ r
it Fie: | J 4

(¥ Use Extemal Tool for Flash Programming;

Command: [LPC210¢_ISP.EXE
Argumerts: |"#H" "X $D COM1: 3600 1

v Run Independent

QK | Cancel | Defautts | Help

Options for Measure - Target 'LPC2129 Simulator’ [

Project-specific items, like the path for the geved HEX file, output file name,

device name, or clock frequency can be used i\tgaments field.

Please use the on-litelp for additional information.

! The pVision Device Database provides the correnfiguration for memory Flash of many

microcontroller devices.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/842241/ULINKPRO.html

116 Chapter 8. Using Target Hardware

Using ULINK Adapters

The Keil ULINK USB-JTAG family of adapters, furthezferred to as ULINK,
connects your PC’s USB port to your target systdime connection between the
microcontroller and the ULINK unit can be estabdigivia the JTAGport pins

of the embedded system. The ULINK adapters engbleso:

= Download target programs

= Examine memory and
registers

= Single-step through
programs

= Insert multiple breakpoints

= Run programs in real-time

= DKEIL
=  Program Memory Flash L

Before using the Debugger on target hardware, ywe o configure the
pVision IDE to use the ULINK adapter, or any otk&ternal tool suited for
Flash programming.

The pVision Debugger can display memory contentisvanmiables in several
familiar formats. Memory and variables are updatedodically, providing an
instant view of the current program status, evaimdyrogram execution. It is
possible to set breakpoints that trigger on acogssispecific variable.

The Keil ULINK adapter family supports Flash devmm@gramming with
configurable programming algorithms. You can cleoivem preconfigured
programming algorithms, or customize the algoritlamsording to your needs.
External Flash memory programming is supportedrfany target systems as
well.

! The ULINK adapters support a wide variety of desiand protocols, and support your target
hardware port pin characteristics.
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ULINK Feature Comparison

Feature ULINK2 ULINKPro
Run control debug (ARM & Cortex-Mx) Yes Yes

Run control debug (8051 & C166) Yes -

Data Trace(Coretex-M3) Yes Yes
Instruction Trace(Cortex-M3) - Yes

JTAG Clock Speed 10MHz 50MHz

Flash Download 28 KBytes/s 600 KBytes/s

Configuring pVision for ULINK Adapters

When using ULINK adapters, you must change a fetings, so that the
pVision IDE knows how to use the ULINK adaptersdebugging. In detail,
you must configure:

= Debug Settings

= Trace Settings (for Cortex-Mx devices only)

= Flash Download

Connect the ULINK adapter to your PC. Only thée, WLINK configuration is
possible in pVision.

i%  Click Target Options from theBuild Toolbar and select thBebuc tab,
or open the dialog from tHeroject — Options for Target — Debug
Menu

Click the Settingsbutton to open th&arget Driver Setup dialog.
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Configuring Debug Settings

TheTarget Driver Setup
dialog depends on the
target device selected in
your project.

Please use the on-litelp
for additional information.

Cortex-M Target Driver Setup
Debug | Trace | Flash Download |
ULINK USB - JTAG/SW Adapter

Serial Mo: =

ULINK Version: [ULINK2

Device Famity: ,m

Firmware Version: ’W

¥ SWi Pot:[iTAG <
Max Clock: m

Debug
Connect & Reset Options

JTAG Device Chain

IDCODE Device Name | [Rlen
TDO
TDI
& Automatic Detection
" Manual Configuration

[ [ s ] [0

Cache Options Download Options

Connect: ‘ Nomal

[V Reset after Connect

j Reset: |Muda13d

=

¥ Cache Code
¥ Cache Memory

[ Verfy Code Download
I Download to Flash

Configuring Trace Settings

TheTrace dialog tab
controls the real-time trace
operations.

Please use the on-litelp
for additional information.

TheTrace features are

available for Cortex-Mx
devices only.
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Cortex-M Target Driver Setup

Debug Trace | Flash Download \

Core Clock 10.000000 MHz

Trace Port

Serial Wire Output - UART/NRZ J
SWO Clock Prescaler: 8
v Autodetect

SWQ Clock 1.250000 MHz

Emor: <SW Port not selected>

ITM Stimulus Ports

¥
Timestamps Trace Everts
[¥ Enable Prescaler: |1 = [~ CPI: Cycles per Instruction
[ EXC: Exception overhead
PC Sampling r .
SLEEP: Sleep Cycles
Frescaler: [1024°16 =

[ LSU: Load Store Unit Cycles
[~ FOLD: Folded Instructions
[ EXCTRC: Exception Tracing

[™ Periodic Period: | <Disabled>

™ on Data R/W Sample

k| Port 2423 Port 16 15 Port 8 7 Port 0
Enable: |&xFFFFFFFF Vvl Wivivviviviviv WMIvIvvIvviie WIvIviv e
Privilege: |2<00000007 Port 31.24 [~ Port 23.16 ¥ Port 15.8 ¥ Pot 7.0 ¥

Cancel Help
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Configuring Flash Download
The Keil ULINK drivers support a wide variety ofdsh-based microcontrollers.

#%  Click Target Options from theBuild Toolbar and select theltilities
tab, or open the dialog from tlReoject — Options for Target Menu

To configure pVision for a specific driver, selétge Target Driver for Flash
Programming and choose the appropriate driver from the droprdoontrol.

Use theSettingsbutton to open the driver-specifitash Download Setup

dialog.
Here, you can configure  FfehBesnicadsei =
hOW FlaSh DOW”load DD:I;I:'T FUEIOETBSE Ful Chip ¥ Program FAlfer Aartm

g € EmseSedos ¥ Vedy Start: (340000000 Size: [(x0800

works and specify the
prOgrammlng algorlthms Programming Algorithm
Description | Device Type Device Size Address Range

that are requ ired by your LPC2000 IAP2 128kE Flash  On-chip Flash 128k 0000D000H - 0001FFFFH
target syste m.

" DonotErase [ Resetand Run

Please use the on-litelp
for additional information. Stert: [00000000  Size: [2600020000

Add | Remave 0K | Cancel | Help
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Programming Algorithms

The ULINK driver allows
you to specify the
programming algorithm
used to program Flash
memory.

Use theAdd button of the
Flash Download Setup
dialog to open this dialog
Add Flash Programming
Algorithm .

From here you can select
one or more programming
algorithms, one for each
different Flash device.
Highlight your preferred

X3

Add Flash Pregramming Algorithm
Description | Device Type | Device Size |
ADuC 702X Flash (w1.1) Orn-chip Fash 62
ADUCT03X Fash 32KB (v1.4) On-chip Flash 30k
ADUCT03X Flash 64KB (v1.1) On-chip Fash 6
ADUC703x Flash S6KE (v1.4) Orn-chip Hash Sk
ADuC 706X Flash 32KB (v1.0) Qn-chip Hash 30k
ADUCT12x Flash (v1.2) On-chip Fash 126k
ADUCTZ25 Flash (v1.2) On-chip Fash 126k
AMZIF16008B Flash Ext. Flash 16-bit 2M
AMZIF1600T Flash Ext. Flash 16-bit 2M
AMZSF32008B Flash Bxt. Flash 16-bit 4aM
AMZ3F3200D8B Dual Fash Ext. Flash 32-bit aM
AMZIF3200T Flash Ext. Flash 16-bit AM
AMZIF320DT Dual Flash Bxt. Flash 32-bit amM
AMZ25x033 Flash Ext. Flash &-bit 4AM
AMZ2%x128 Flash Ext. Flash 16-bit 16M
AMZ2%<200EE Flash Ext. Flash 16-bit M
| | | Cancel

*

m

programming algorithm tAdd it for your target hardware.

If the Flash device you use is not listed, you mefine new algorithms. Do this
for a new Flash device, which is currently not dikgsupported by Keil. You
may use the algorithms found in amryAsH\ folder as a template for new

algorithms.

The programming algorithms included in your kit atered in these folders:

=  ARM Toolset: \KEIL\ARM\FLASH\

= C16x Toolset:\KEIL\C166\FLASH\
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Using an Init File

Some applications or target systems require theutix® of specific debug
commands or functions ahead of Flash programmiirigs feature is typically
used to define BUS configuration for your devicémprogram Flash with
auxiliary files, containing code or data, which ace included in your target
program. The debug commands and functions aredstoran initialization file
defined by thenit File text box. This file is executed before the Fldelwnload
is performed.

BUS Configuration

Typically, the BUS system has to be configured eetodevice with external
Flash memory can be programmed. If you use theNMLWSB-JTAG adapter,
you may create an initialization file that usesdefened debug functions, like
_WBYTE and_WDWORD, to write to memory and configure the BUS. For

example:
_WDWORD(0xFFE00000, 0x20003CE3); // BCFGO: Flash Bus Configuration
_WDWORD(0XE002C014, OXOE6001E4); // PINSEL2: CSO0, OE, WE, BLSO0..3

Auxiliary Memory Content

In addition to BUS configuration, the initializatidile may contain instructions
to load auxiliary programs or data into memoryr &mample:

LOAD MyFile.HEX

By default, the executable specifiedbject — Options for Target — Outputis
downloaded to Flash.
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Chapter 9. Example Programs

Each Keil toolset includes example programs, whighready to run and which
help you to get started. Browse the examplesaimlaow the development tools
work and get familiar with the look and feel, adlvas with the behavior of
pnVision. You may copy the code of the examples/éur own purpose.

Example programsare stored in th&xaMPLES\ folder, where each program
resides in a separate subfolder along with itsgetdjles. Thus, you can re-build
the examples and evaluate the features of pVisioekly.

While there are numerous example programs for ga@xamine, this manual
describes and demonstrates only four:

= Hello: Your First Embedded Program
= Measure: A Remote Measurement System
= Traffic: A Traffic Light and Pedestrian Cross W&ystem

= Blinky: An example of how to use target hardware

As described in the previous chapters, many actomgnctions of pVision can
be called from a toolbar, a menu, or by entericgramand in th€ommand
Window. Some actions may be triggered through key comlanati

We advise you to try out the various functions wigion while inDebug Mode
Please test the features described in precedimgenisa In particular, get

familiar with the navigation, invoke th@ontext Menu of various objects, drag
and drop windows to other screen areas or othesigdiyscreens, and create and
save personalized layouts. Invoke Begformance Analyzer, Logic Analyzer,
Code Coverage Symbols Window, and drag and drop items from one window
to another window. Single-step through the coeéfamiliar with the
Disassembly Window and inspect how it works in conjunction with the
Register Window, Output Window , and Serial Window.

! Example programs are license free.
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“Hello” Example Program

The first program in any programming language synmpints ‘Hel | o Wor | d”

to the screen. In an embedded system, theressreen, so the “Hello” program
sends its output to the on-chip serial port. Hmsre program has one single
source fileHELLO.C.

This small application helps you to confirm thatiyean compile, link, and
debug an application. You may perform these oerafrom the command
line, using batch files, or from pVision using thrvided project file.

The target hardwatdor the “Hello” project is based on a standard
microcontroller. Examples are provided for all gogied architectures and are
located in the folders as specified in the tablewe

Architecture Example Folder

ARM \KEIL\ARM\EXAMPLES\HELLO\
C166/XE166/XC2000 \KEIL\C166\EXAMPLES\HELLO\
8051 \KEIL\C51\EXAMPLES\HELLO\

Opening the “Hello” Project

To begin working with the “Hello” project, open tHELLO.UVPROJ project file
from the appropriate example folder.

Select théProject — Open ProjectMenu and opeRELLO.UVPROJ from the
..\EXAMPLES\HELLO\ folder.

Alternatively, you may drag and drop tHELLO.UVPROJ file into the pVision
application, or simply double-click the file.

! Since pVision simulates the target hardware regglifior this program, you actually do not need
target hardware or an evaluation board.
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Once the project has been opened,
pVision shows the source files that
comprise the project. The files are
shown in theéProject Window.
Double-click onHELLO.C to view or
edit the source file. pVision loads
and displays the file contents in the
Editor Window .

Building the “Hello” Project

Compile and link the project using
theBuild button of theBuild
Toolbar, or select théroject —
Build Target Menu.

pVision runs the assembler and
compiler, to assemble and compile
the source files of the project. The
linker adds the necessary object
modules and combines them into a
single executable program, which
may be loaded by the pVision
Debugger for testing.

You can follow the build process in
the Build Output Window . Errors,
warnings, and additional trace
messages are displayed here.
Double-click an error or warning
message to jump to the source line
that triggered the notification.
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Hello - pVision (E=1 Eon =
File Edit View Project Flash Debug Peripherals Jools SVCS Window Help
== K- Y " == [ =dcn1
& [F %% | Lrc2100 AP .|
Hello.c - x
=529 LPC2100 2 =
43 Startup Code 03
Startup.s 04
()49 System Calls 05
etarget.c 05

#include <stdio.h>

#include <LPC21xx.H> /* LBCZ1x3

7
1S
Y
{

Hello - pVision

File Edit View | Project | Flash Debug Peripherals Tools SV
Mew p¥ision Project...
Mew Multi-Project Workspace...
Open Project...
E--E LPC2100 LClose Project
E‘E Startup C Export »
() Starty Manage 3
=-£5 Systemn (
E| Retar Select Device for Target "LPC2100°..,
Remove Item
: . ,ﬁ\ Options for Target 'LPC2100°... Alt+F7
E‘a Source C Clean target
[ Abstr Rebuild all target files

&

=] Project | [y Temg

Build target files

Build Output

Batch Build...
Translate C\KeilARM\Examples\Hell  Ctrl+F7

Stop build

1 C\Keil\ ARM\ExamplesiHello\Hello

T A Kail TR Framnlach HFLE OV HFL L

Build target 'LPC2100°'
compiling Retarget.c..

compiling Serial.c...
compiling Hello.c...
linking...

Program Size: Code=728 RO-data=32 RW-data=4 ZI-data=1164
" \Cbj\Hello.axf" - 0 Error(s),

0 Warning(s) .



http://elcodis.com/parts/842241/ULINKPRO.html

Getting Started: Creating Applications with pVision 125

Testing the “Hello” Project

Once the “Hello” program has been ] _ .

. . . ‘lash m‘ Peripherals Tools SWCS Window He
compiled and linked successfully, test it @ startstop Debug Session cners | o
with the pVision Debugger. Select e IV O =
Debug — Start/Stop Debug Session  — = Lt
from the menu or from thigile Toolbar. =M Bun = |
uVision initializes the debugger, starts @) ston -
program execution, and halts before ) FLL e
entering the main() C function. :|L - _m_:: S

{ ¥ Runto Cursor Line Ctri=F10 =11

Use the following debugger commands
to control program execution.

= Open theSerial Window UART #1 to display the application’s output

Click theRun button of theDebug Toolbar or chooséebug— Run to
start the “Hello” program. Hel | o Wor | d” is printed to theSerial
Window and the program enters into an endless loop.

& Click theStop button to halt the program. Alternatively, préssEsc
key while in theCommand Line of theCommand Window

@  Use thdnsert/Remove Breakpoin command to set or clear a
breakpoint

o¥  Test theReset command to reset the simulated microcontrollethéf
program is still running, it halts at the first bkgoint.

1 Single-step through the program using $teg buttons. The current

instruction, which will execute next, is markediwé yellow arrow. The
yellow arrow moves each time you step.
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While debugging, pVision displays the following delt screen layout. If you
re-arrange the layout, pVision saves the layousraatically and provides this
layout next time you invoke the debugger. Howeyet, cannot explicitly recall
the changed layout, unless you saved it through\imelow — Debug Restore
Views... Menu.

4 Hello - pVision
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
EN=4" - A= R m e

e @ ecoa @]

i Register |Va]ue _L: 26: printf ("Hello Worldim"); /% the 'printf' function call =~
= 27: |
1"0x00000208 E2Z8FO00C ADD RO, BC, #0x0000000C B
— 1 e e $VenSATSISS  Zprintf (0x0000025C)
Rg‘f} i fi”s‘ g£ir?%2'! /* Bn embedded program dt
e T
50059363 °0x00000214 EAFFFFFF = nennnnnasa
i 0x00000218 E002C00¢ Instruction Trace =
0x0000021C 6CECE54E gy W &l |
- 0xNNNNN220  AFRTINAT
™ Nr. ! Address ] Opcode I Instruction

65517 | bODODD214 | EAFFF.. B G«00D00214 =
= _| 65513 | DDD00D214 | EAFFF
Elint main (volc| gsng | (00000214 | EAFFF.. |

PINSELD
UILCR = Ox8%| gseyy | [00D0D2Z14 | EAFFF.. |
U1DLL

7; | g5524 | 0«0DD0D214 | EAFFF
ULLCR = O0x0| g56505 | cDODOO214 | EAFFF

« | |
ey 3| |
1% printt ("He|——— == =
1" while (1) { /% An embedded program doc
4

;513110 World . Pldessr "mam—' : Mask: |* ™ Case Sensitive

Mmoo milm m m

+ Fast Intermupt
- Intemupt

=] Project | = Registers

|0%000001DC: 10 40 2D E2 05 08 A0 E3 2C 10 SF E5 Nerne | Address J Type
| |0x000001EE: 00 00 81 E5 83 00 A0 E3 07 18 41 E2  fll Simulato...
|0=000001F4: OC D0 C1 E5 €1 00 AD E3 00 00 C1 E5 g Peripher.
|0x00000200: 03 00 RO E3 OC 00 C1 E5 OC 00 8F E2 =B Hello Application
|0x0000020C: 12 00 00 EB 00 00 AO E1 FE FF FF EA #[E Run..
|0=00000218: 00 CO 02 E0 48 65 6C 6C &F 20 57 &F [ Medule
_ |loxooooo224: 72 &C €4 O 00 00 00 00 01 CO 8F E2 Module
% : gcxoooocmo: iC FF 2F F1 05 4C 06 4D 04 EO 20 00 | Module
L Il : i in FR 10 34 A D3
ﬂCommandl;i';UART#Z g‘L‘]CaIIStack ;’éﬂlacals é’a'.*v'atchl = Memaory 1
Real-Time Agent: Mot in target Simulation t1: 5,06

Take the opportunity to get familiar with the newok and feel, and the
navigation features. See how the content of registnd memory areas can be
changed. Display the values in the different repngations. We recommend
taking some time and using this simple examplexpdoge the pVision
capabilities.
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“Measure” Example Program

The “Measure” program is a simple example thatectdl analog and digital data
using methods similar to those that can be foundaather stations and process
control applications. Three source fil&ETLINE.C, MCOMMAND.C, and
MEASURE.C are used.

The “Measure” prograhrecords data received from digital ports and Aipuits.
A timer, which can be configured between 1 millsed and 60 minutes,
controls the sample rate and interval. The cuitier@ and all data from the
input channels are measured and saved to a RAMbuff

Please find your preferred “Measure” program in ohthe following locations:

Architecture Example Folder

ARM \KEIL\ARM\EXAMPLES\MEASURE\
C166/XE166/XC2000 \KEIL\C166\EXAMPLES\MEASURE\
8051 \KEIL\C51\EXAMPLES\MEASURE\

Opening the “Measure” Project

To start the “Measure” project, open EESEAES
the project fileMEASURE.UVPROJ from &3 P2t simustor

Ea Startup Code
[

the example folder of your choice. o ,
= a System Calls 45 Options for File ‘Startup.s'... Alt=F7
. . : Ret.arget.c Open Startup.s
Compile the program; enable or disable = seile et e
a Source Code EERE

the include files in the project structure,
invoke theContext Menu of the

¥] Measure.c Open Map File
Mcomma

Getline.c Rebuild all target files

Project Window, and toggleShow €3 Documentaic . Buld trge "
. T e Abstract.by Translate Startup.s
Include File Dependencies op bule
. . EL {}rd Add Group...
Three application-related source code Add Files to Group...
files are located in thBource Code R s
group. The serial I/O and system dh Manage Components..
modules are placed |n t}&lstem Show Include File Dependencies

Calls, whereas the startup file resides underStetup Code group.

! Since pVision simulates the hardware requiredfics program, you do not actually need target
hardware or an evaluation board.
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A project may contain one or more targets, a festiiat allows you to build
different versions of your program. The “Measupedject contains several
targets for different test environments includihg simulator and evaluation
boards. Select the model with the Simulator tardgdte following files comprise
the source code:

MEASURE.C This file contains the main C function and themipt
service routine for the timer. The main functianializes all
peripherals and performs command processing. fitkerupt
routine manages the real-time clock and sampling.

MCOMMAND.C This file processes the display, time, and intecoaamands.
These functions are called from the main C functidhe
display command lists the analog values in floapogqt
format to give a voltage between 0.00V and 3.00V.

GETLINE.C This file contains the command-line editor for iccters
received from the serial port.

Building the “Measure” Project

There are several commands you can access froRrdiject Menu and the
Build Toolbar to compile and link the files in a project.

& Use theTranslate File command to compile the selected file in the
Project Workspace

%  Use theBuild Target command to compile files that have changed
since the last build and link them

[#§  UseRebuild All Target Files command to compile and link all files in
the project

Use theStop Build command to halt a build that is in progress

Select théBuild Target command to compile and link the source files ef th
“Measure” project. pVision displays a messagd@Command Window
when the build process has finished.
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Source Browser

The “Measure” project is configured to generate pl@te browser and debug
information.

= Use theScurce Browse command from th&ile Toolbar or View
Menu to view information about program variabled ather objects

Testing the “Measure” Project

The “Measure” program is designed to accept coms&an the on-chip serial
port. If you have actual target hardware, you mnsg Hyperterm or another
terminal program to communicate with the boardyolfi do not have target
hardware, you can use pVision to simulate all aspafcthe hardware, for
example, th&erial Window in pVision simulates serial input.

@}  Use theStart/Stop Debug Sessic command from th®ebug Toolba
or DebugMenu to start the pVision debugger

Using the Serial Commands

Test the following commands in tiserial Window.

Action Command Description

Clear C Clears the measurement record buffer

Display D Displays the current time and input values continuously

Interval | mm:ss.ttt Sets the time interval for measurement recording. The interval
time must be between 0:00.001 (for Ims) and 60:00.000 (for 60
minutes).

Quit Q Quits the measurement recording

Read R [count] Displays the saved records. Specify the number of records to be

shown. All records are transmitted if count is not specified. You
can read records on the fly if the interval is greater than one
second, otherwise recording must be stopped.

Start S Start recording. Data inputs are stored at the specified time
interval.
Time T hh:mm:ss Sets the current time in 24-hour format
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Using the Serial Interface
= Open the seridDART Window from theView Menu or theDebug
Toolbar to view the output
Before you start running the 8 o e s s o e, -

“Measure” program, open the | 7 I T LT fae measerenencs
Serial Window so that you can | =
enter commands and view the 1 c==
program output. | seare

I R
| Display | D | display current measurement values
| T hh:mm:ss3 | set time
Interval | I mm:ss.ttt | set interval time
| C | clear measurement records
1 Q | gquit measuremsnt recor ding
| 5 | start measurement recording

| Quit

Command :

Running the Program

Use the step-buttons to execute code commanddduodily. If theDisassembly
Window is the active window, the debugger steps throsglembler instructions
rather than through the source code.

2

"1}

The current instruction or high-level statemené (@me about to execute)
is marked with a yellow arrow. Each time you sthp, arrow moves to
reflect the new current instruction line.

Use theRun command from th®ebug Toolbal or DebugMenu to start
debugging the program

Use theStop command to halt program execution or presEtaekey
while in theCommand Window

Use theStep Inta command from th®ebug Toolbar or DebugMenu
to step through the program and into function calls

Use theStep Ovel command from th®ebug Toolbar or DebugMenu
to step through the program and over a functioh cal

Use theStep Oui command from th®ebug Toolbat or DebugMenu to
step out of the current function

Use theRun To Cursor Line command from th®ebug Toolbar or
DebugMenu to run the program to the line you just highted
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Viewing Program Code

Eh, Use theDisassembly Windov command from th®ebug Toolbar or
View Menu to view mixed source and assembly code

Test the various stepping Disassemby :
. . . 0x0800046C 6309 LDR r1, [r1,%0x00]
commands, first while in the nggaggg:ﬂ Boo0oE. A  xo,m0zASRA
. . x08 72 T pc 2 g x08
Disassembly Window and then  Bexozooes/ [ weawose 3
while in theEditor Window . s1; [ Aceemby Mode
. . . 0x080004]  Address Range H[v] 0.5 pexc
Notice the different behavior of = gexosooos ™ [ s 0.42¢
the Debugger. gOx020004 Set Program Counter (8 04EC
gigiggg:*{} RBunto Cursor line Ctrl=F10 CSLeE baEs
- 0..1M =
(Ox080004 .
Call theContext Menu of the e e s B ECY
. . R oxosoo004 Enable/Disable Breakpoint Ctrl+F2 0..4GE MES
windows while moving the mouse Bexcsooos .
. . . oxos0004) Inline Assembly... ; BOxX0B0004ES
over various code lines. Notice 0x080004  Load Hex or Object file... o1
the different options. They 02000009 [ istrston T ,
depend on whether the statement go.osooed | =i i e
can be eXeCuted or not Not'ce th gig:ggg:?‘ Insert/Remove Bookmark Ctrl+F2 O]: E0x080004ES
lines marked green, gray, or 0205000 457 TETH———TDR———TT,TDe¥EUI ; G0x080004EC
without any color. Invoke the  [fssiiss e o+ e
ConteXt MenUWhlle pOIntIng On leOSSS(:J'iRO 4813 ]'_DRS_-—M3 ;;,E[E::;S—G§}J: B0x080004F0
the memory address. O~ T

Using the Call Stack

@1 Use theCall Stack Window command of th®ebug Toolbar or View
Menu

pVision tracks function nesting  jezisiack
and displays data in tiall

~ . Stack Frames | Value/Address
Stack Window. Double-click & stm32 Init)
on the line of a function to jump = & main}
to the source code. @ cmdouf (b2000057c: ™
@i (02002500
@ idx (02002800

-‘.;}.'_] Call 5tack |,;'§§'.-‘:’atch 1 | Iemaory 1 | ES}'mh-:uls ‘
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Using the Trace Buffer

In any programming process, it is often requiretht@stigate circumstances that
led to a certain state. You can guide the pViglebugger to record instructions
into a trace memory buffer. Debug Mode you can review the trace buffer
using theView — Trace — Show Records in Disassembépmmand.

:i]  Use theTrace Windowscommand from th®ebug Toolbar or from the
View — Trace — Instruction Trace WindowMenuto view executed
instructions stored in the trace buffer

Instruction Trace X | Disassembly x
Fitter: ,W‘ - -10 0x0000025C ETFE B 0X0000025C  »
-9 0x0000025C ETFE B 0x0000025C
M. Address Opcode Instruction -8 0x0000025C ETFE B 0x0000025C
(e DDDD025C ] (e DDDDO25C -7 0x0000025C ETFE B 0x0000025C
65518 | CeDDDDO2SC | EFFE B e DDDDO25C -6 0x0000025C ETFE B 0x0000025C
5519 | GeDDDDO25C | EFFE B (e DDDD025C -5 0x0000025C ETFE B 0x0000025C
65520 | GeDDDDO2SC | EFFE B (e DDDD025C -4 0x0000025C ETFE B 0x0000025C
5521 | QeDDDDO2SC | EFFE B (e DDDD025C -3 0x0000025C ETFE B 0x0000025C
5522 | (eDODDO2SC | EFFE B (e DDDD025C -2 0x0000025C ETFE B 0x0000025C
5523 | (eDDDDO2SC | EFFE B (e DDDD025C -1 0x0000025C ETFE B 0x0000025C
5524 | (eDDDDO2SC | EFFE B (e DDDD025C EY0x0000025C ETEE B 0x0000025C
65525 | (eDDDDO25C | EFFE B (e DDDD025C 0x0000025E 0000 L5L RO, RO, #0
5526 | (eDDDDO25C | EFFE B (e DDDD025C 0x00000260 6CECES48 DD Ox6CECESLE
5527 | (eDDDDO2SC | EFFE B (e DDDD025C 0x00000264 T266206F DD 0XT266206F -
5528 | (eDDDDO2SC | EFFE B (e DODD025C -1 r

Whereas the trace information is always availablianéDisassembly Window
thelInstruction Trace Window is enabled for ARM devices only.

In addition, inspect thRegistersWindows showing register contents of the
selected instruction.

Invoke theContext Menu of the Disassembly Windowto review the options
offered.

When you double-click in thimstruction Trace Window, theDisassembly
Window shows the corresponding instruction.
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Using Breakpoints

pVision supports execution, access, and compleakpants. The following
example shows how to create a breakpoint thaiggdred when the value 3 is
written tocurrent.time.sec

Open theBreakpoints dialog from |Beskeeins ==
theDebug — BreakpointsMenu. | o i s

Enter theExpression o o B ooenmipe
current.time.sec== and SIS T =

select theNrite check box. This

specifies the breakpoint to trigger | - i
when the program writes the valug ... freiem= e e
3 tocurrent.time.sec . Click Caurt: [1 =] =
the Define Button to set the Connand: | L
breakpoint. Double-click any s | [GSn] | e | - |
breakpoint definition to redefine it

Resetthe CPU to test the breakpoint, which will triggerd halt program

execution when the number 3 is writterctorent.time.sec . The program
counter line of th®ebug Window marks the position where the breakpoint
triggered.

Viewing Memory Contents

Use theMemory Window command from th®ebug Toolbat or View
Menu to display the memory content

11 Use theLock/Freeze icon to prevent values from refreshing

pVision displays memory in Memary 2 x
various formats and reserves four Lzf;f:‘iD‘“”E“'Z";fi":;b” S
diStinCtMemory Windows 0%0800020E rce "t o mmcanas cann ne

' .26425e+024 Decimal

0x08000218

0x08000226: 7.2638%9=+024

. . 0x08000232: -1.98577e+029 .
Define the starting\ddressto 0x0800023E: 3.1943e-029 | | Soned >

0x08000244: -3.40241e+038

view the content, or drag and dropexozsecozse: 1.156572020 | *

Unsigned »

. 0x08000262: £493.27 Float
objects from th&ymbols 0X0800026E: 1.73079e+010 | | pouple
h . 0x0800027A: 10304
W|nd0W Into theMemory 0x08000286: —1.03551e+034 Modify Memory at 0x0800020E

. 0x08000292: 906504
Window. 0x0500029E; -1.03551e+03¢
0x0800023A: -1.03551e+034
0x08000286: -2.38195e+029
0x080002C2: -1.39677e+031 -3.8623824030 544.769

Open theContext Menu to 0x020002CE: 3.92812e+012  3.63194e4024  2.12947 o
change formats, modify memory, or set breakpoints.

Set Breakpoint at 0x0300020E

Add "LCD_4bit\wait_while_busy’ to... 4
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Watching Variables

The pVision Debugger provides tWdatch Windows to which you can add
variables, structures, and arrays for easy refereiitieWatch Window updates
at the end of each execution command. Enabl¥ige — Periodic Window
Update Menu to refresh the content of this window dunomggram execution.

& Use thewatch Window command on thBebug Toolbat or View
Menu to launch the functionality or invoke thecals

TheLocals page shows local Watch 1 X
symbols of the currently Name [ Value
executed function. “Measure \mdisplay 00000000
(PORTO & B<2000):315 000000001
- "Prt0 < 7BFFFFFF
TheWatch pages dlsplay =l % Measure \setinterval struct irterval {... }
program objects, which you min 000
desire to monitor. Structures and sec (00
arrays open on demand when msec 00000
. TLOCK 1042420
you click on thq:'f'] symbol.
Indented lines reflect nesting.

FElocals |,;';-‘EWatch 1 |

There are several ways to add variablé#/aich pages.

» IntheWatch Window, select the last line<flouble-click or F2 to add>) on
the Watch page. Press or click with the mouse on this line. Enter the
name of the variable you wish to watch.

= Select a variable in theditor Window , open theContext Menu (right-
click), and selecAdd to Watch Window

= In theCommand page of th®utput Window enterws (for WatchSet)
followed by theWatch Window number (1 or 2) followed by the variable
name

=  Simply drag and drop an object into this window
Remove a variable from thatch Window by selecting the line and press the

Del key or use th€ontext Menu. Individual elements of structures and arrays
cannot be removed singly.
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Viewing and Changing On-Chip Peripherals

The “Measure” program accepts input from sevef@ldhd A/D ports. Use the
K Vision Debugger to view data and interact withpfegrals. Changes made to
the inputs are reflected in the dialog window afteperipheral. Entew in the
Serial Window to monitor the output and the changes appliedpatimalues.

f¥  Rese the simulated CPU

Start the program if it is not running already

= Open the Serial Window if it is closed

TheDb command causes the
“Measure” program to refresh the
time, 1/0 Ports, and the A/D Inputs
continuously. The input from the
I/O Port and the A/D converter
channels can be controlled from

UART 22
| Time
| Interval

| Quit
| Start

| T hhimmiss | set time
| T mm:ss.tee | set interval time
| Clear 1 c | clear measurement records
1 e | quit measurement recording
15 | start measurement recording

Command: d

Display current Measurements: (ESC to abort)

Time: 0:00:02.131 PO:03FFFCFF A0:0.00V A1:0.00V A2:0.00V A3:0.00V -

5] Command | EUaRT £2

peripheral dialogs, which are
available from thé&eripherals Menu.

Using Peripheral Windows

The pVision Debugger provides windows for I/O aeda ports, A/D

converters, interrupts, timers, and for most otgp-specific peripherals.

Open the windows from the
Peripherals Menu.

The windows display the status of
the registers as well as the pins of

the simulated device.

Open the A/D Converter dialog to

view the status of the A/D controls
and A/D data. You can enter input
voltages for the Analog Input, which
are reflected in the Serial Window.

General Purpose Input/Qutput 0 (GPIO 0) ==
GFIOO -
owr: B P AT P AR T
IO0SET: [000000000 T T T T T [T T T T T FTrrrrrT
I00CLR: | T T T T T T I T I T T I T T I T T T ITTTTIrrT
I00PIN: |[.D3FFFFFF I TTTTT MW FFFRFIFE FRFRRRRE FRRERRT
FW:W Wivlvly [vlv Wivivivivivivive [vivivivivivivlv ivivivivielele
A/D Converter (=3
A/D Contral
ADCR: |[2<002ED407 SEL: |01 v PDN
[~ BURST
CLKS: |dchk/3bit |  CLKDIV: (D4 ™ EDGE
START: |None | A/D Clock: |3000000
A/D Data
ADDR: | 00000000 CHN: |2x00 [ DONE
[~ OVERUN
W3A: |3.3000 WAA: | k0000
Analog Inputs
AIND: [0.0000  AINT:|0.0000  AINZ: [0.0000  AIN3: [0.0000
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Using VTREG Symbols

In addition to the peripheral dialogs, you may Ustual Target Registers
(VTREG) to change input signals. On thiemmand Window, you can assign
values to VTREG symbols. For example:

PORTO0=0xAA55 [* Set digital input PORT to OxA A55 */
AIN1=3.3 [* Set analog input AIN1 to 3.3 volts */

Using User and Signal Functions

The pVision Debugger supports a C-like script laagguthat enables you to use
VTREG symbols in a more programmatic way. A debiggal function is
included in the “Measure” program. It can be in#dkising the buttons in the
Toolbox. Inspect th€€ommand Window and press1 to invoke the on-line
help for further information.

Using the Toolbox

#+ Use theToolbox command from th®ebug Toolbar or View Menu to

display theToolbox dialog

TheToolbox contains user-defined buttons that are link6@ saibex =
to debugger commands or to user-defined functions. [ Update indows
Several buttons are predefined for the “Measureg@m. 1 Stton Koy

: : Button Key3
TheAnalog0..3V button starts a user-defined signal 2 MYS;:US =
function that provides input to Analog Input 1 e t : Praiog] 0.3V
simulated microcontroller. ! -

5 Stop Analog
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Using the Logic Analyzer

The pVision Debugger includes a configurabbgjic Analyzer you can use to
trace simulated signals and variables during pragraecution.

M  Open thd_ogic Analyzer Window
from theDebug Toolbar or View Menu

Add a number of signals to th®giC [ setup Logic Analyzer [
Analyzer, including the simulated _ _
A/D input signal. Current Logic Analyzer Signals: P

S
Click theSetup button in thd_ogic
Analyzer Window to open theSetup
dialog. Press thes key, enter — .
ADC1_IN1%, which is the name of the || _ ey Forge
input signal for A/D Channel 1, and Dispay Type: [Ardog 7], | M e
close theSetupdialog. You may Coor | %] | Vi EE—
prefer to just drag and drop the objeqgl | rexadecimal Dispay
from theSymbolsWindow into the e LR S
Logic Analyzer Window. frafiesc: 0000000 SR Rge 0

ort # Import
EmExport Sl:i,gnal Definftions... | Import Signal Defintions... |

)

For complex analysis, multiple signal
can be selected and recorded. Save kA [ dese | [ Wb |
and load the signal definitions using

the Export Signal Definitions...

andimport Signal e e e = Coi: | Smp Mo
Definitions... button. | 1o e e e e e

Run the program, and use the
Analogl 0..3button of the
Toolbox to start changing the
signal on Analog Input 1.
Changes applied to the analog
inputs are reflected in tHangic
Analyzer.

! The additional signals used in this screenshotraneintegrated into the Measure example.
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“Traffic” Example Program

The “Traffic” prograni is an example that shows how a real-time operating
system can be used in an embedded applicatiors ekaimple simulates the
control of a traffic light and walk signal. Durimgsh hours, the stop signal
controls the traffic flow at an intersection anbbais pedestrians to cross the
street periodically or by pressing theush for Walk” button. After rush hours,
the traffic light flashes yellow.

You interface the “Traffic” program via the:
« SerialUART Window, where you can change the current time and theshou
of operation

« Toolbox, where you can click thePush for Walk” button to cross the street

= Watch Window and I/O Port dialog, where you can watch the siathe
traffic light and the start/stop pedestrian lights

The following table specifies the location of thgéffic” project files for the
various architectures.

Architecture Example Folder
ARM \KEILNARM\RL\RTX\EXAMPLES\TRAFFIC\
C16x/XC16x \KEIL\C166\EXAMPLES\TRAFFIC\
8051 \KEIL\C51\RTXTiny2\EXAMPLES\TRAFFIC\
Project x
Opening the “Traffic” Project =4 Simulator
ES Source Files
. . . . Traffic.
To start working with the “Traffic” project, open Sinle
the TRAFFIC.UVPROJ project file from the Getline.c
i =-&§ Cenfiguration
appropriate example folder. BT Config.c
i i . . ¥] Startup.s
Most Keil example projects include a text file &£3 Documentation
namedABSTRACT.TXT that explains the aspects [ Abstract:oa
and the intention of the program and is included in« [ r
the Project Window. |@rro... [ 8o... [ 0 Fu.. [DyTe.. ]

! Since pVision simulates the hardware requiredties program, you do not need any target
hardware, an evaluation board, or a traffic light.
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Using the Configuration Wizard

pVision incorporates a 5 s | -
Configuration Wizard that assists | === Z==x

you in choosing the settings for the | |-sscmmmmazmnse ™

startup file and other configuration || s o000

fl | es. - Fast Interrupt Mode 040000 0000

- Interrupt Mode 0x0000 0040
- User/System Mode 0x0000 0050

Heap Configuration

Traditionally, these files are s
assembler or other source files, basretvier
which include macros or definitions
you may change depending on your
hardware configuration or R Coototio e
preferences.

The Configuration Wizard simplifies the process of making these selections.

IR

Of course, you may always edit these files in tbaginal source form by
clicking on theText Editor tab.

Building and Testing the “Traffic” Project

4l  Use theRebuild command to compile and link all files of the prdjec

The “Traffic” program is designed to accept comnsafitdm the on-chip serial
port, which is completely simulated within pVisiand to display output on a
traffic light, which is connected to I/O port pins.

Using the Toolbox

#+  Use theToolbox command from th®ebug Toolbar or View Menu to
display the toolbox dialog

ThePush for Walk button is available on thBoolbox. Toolbox 5
Click this button to simulate a pedestrian who \sdat
cross the road and watch as the “stop” and “watkits
change in th&Vvatch Window.

| Update Windows
1 Push for Walk
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Using the Watch Window

&l Use thewatch Window command on thBebug Toolbar or View
Menu. Open th€all Stack Window as well.

The status of the traffic pedestrian | waten1 x
lights displays in th&Vatch 1 page | Name Value
H H (IO1PIN==16)41 //red 1
of theQutput Windows using (01PN 1981 7/ yello 0
predefined watch expressions. (OPIN>>18)41 /7 green 0
(IDTPIN==200&1 // stop 0
(IDTPIN==21041 /7 walk 1
<double-click or F2 to add>
Using I/O Ports
General Purpose Input/Output 1 (GPIO 1) _ =
YOU may a|SO VieW the tl’affiC I|ght (\?;ISCH: |2x00FFO000 \31\ T |E|ns| T \24 ff'wwﬁ\"fwff |15\ T \Ei"ﬂ T \B \7\ T |Ei}5\ T \D
. . . I01SET: [2:00210000 v v
signal lines on the I/O Port dialog e L ARRSMRALILEEERRL SRR AEAALAL
vailable from théeripherals Menu. | owwfkzoe
available from theeripheralsMenu. | » e Frmem o
Using the Serial Window
TheSeriaI WindOW displays '::f[:z* TRAFFIC LIGHT CONTRCLLER using MDK and RTX kernel *=*%%% + i(
information and allows you to | Trore vima-ant ene sibn cha- syscen conceons  erefric siene | [1

change the time and operating hour
of the traffic light. Set the current | z:=er 10

with pedestrian self-service. Outside of this time range 1
the yellow caution lamp iz blinking.
+ command -+ syntax —---- + function

I

display times 1

| Time | T hh:mm:ss | set clock time 1
I

I

time outside of the rush hours to | 22 | & rommiee ) cer zraze oame

view the flashing yellow light.

Command: d

Check thewatch Window to soert mme 7iseie0 mno T o000
monitor the changed behavior. 3 ;

Use the serial commands listed in the followinddallhese commands are plain

ASCII text. Each command must be terminated withrmiage return.

Action Command
Display D

Set Current T hh:mm:ss
Time

Set Start Time S hh:mm:ss
Set End Time E hh:mm:ss

Description

Displays the current time and the Start Time and End Time of
operating hours. Press Esc to exit display mode.

Sets the current time for the traffic light. If the current time is
within the operating hours specified by the Start and End times,
the traffic light operates as normal. If the current time is outside
the operating hours, the traffic light flashes the yellow light.

Sets the Start Time for normal operation
Sets the End Time for normal operation
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Displaying Kernel-Aware Debug Information

The pVision Simulator allows you to run and test s wr——
applications created with a real-time operatindesys .. ...,
Real-time applications load exactly like other peogs. - . s
No special commands or options are required for ?} = N
debugging. ] step ove o
{1 Step O Ctrl+F11
« . . . 1} Ru Ctrl+F10
Kernel-aware debugging is available in the fornaof . ..., o
dialog that displays the aspects of the real-tieradl
and the tasks in your program. This dialog candssl e frepnt
. Enable/Disable Breakpoint Ctrl=F9
Wlth target hardware. (5) Disable All Breakpoints
ﬁ Kill Al Breakpoints Ctrl=Shift=F9
| 05 Support 3
Instruction Trace 3
Executjon Profiling 3
Memary Map...
Inline Assembly...
Function Editor (Open Ini File}...
Debug Settings...
To open the kernel-aware |zmxkere =
debug window, use the Actie Tasks | Sysom | Event Viewer |
Debug — OS Support Rr= g
Menu. 3 Command |WATOR . sowe oo i
4 lights 1 ‘:'VAIT:AND 488 0000 0010 35’:-:
5 keyread 1 WAIT_DLY 3 32%
255  os_idle_demon 0 RUNNING 0%

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/842241/ULINKPRO.html

142

Chapter 9. Example Programs

“Blinky” Example Program

The “Blinky” program is an example application tlhdihks LEDs on an
evaluation board. The blinking LEDs make it easyédrify that the program
loads and executes properly on target hardware.

The “Blinky” program is a board-specific applicatiaand thus, since the boards
are different, the program may show other boaraifipdeatures. Refer to the
board manual for detailed information.

Opening the “Blinky” Project

Select théProject — Open ProjectMenuand choose the respective
BLINKY.UVPROJ project from the following subfolders:

Architecture

Example Folder

ARM
C166/XE166/XC2000
8051

\KEIL\ARM\BOARDS\ vendor\board name\BLINKY\
\KEIL\C166\BOARDS\ board name\BLINKY\
\KEIL\C51\EXAMPLES\BLINKY\

Each project contains an
ABSTRACT.TXT file that
explains how to use the
“Blinky” program for that
specific board.

You will also find a
detailed description of the
“Blinky” program in the
User’'s Guide manual of
the board.
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= O
Hide  Back  Prt Options

Contents | index | Search | Favortes | BLINKY

[£] ARM Developmert: Tools =
@ RealView® Compilation Tools Introduction |
@ Getting Started User's Guide
@ Wision® IDE User's Guide
@ RealView Compiler User Guide
@ RealView Compiler Refersnce Guids
@ RealView Libraries and Floating Poirt Suppe| =
@ RealView Assembler User Guide
@ ARM Instruction Set User's Guide
@ RealView Linker User Guide
@ RealView Linker Reference Guide
@ FealView Uities Guide i
@ RL-ARM Real-Time Library User's Guide
&l ([ MCB1700 User's Guide

(2 Introduction

(I3 Setup

[ Theary of Operation

[ Witing Programs

1 &3 Example Programs

B BLINKY|
=] Building BLINKY

The BLINKY example program toggles the LEDs on GPI102
and prints the text on the MCB1700 LCD panel. A bar
graph displays on the LCD panel indicating the position of
the potentiometer.

The BLINKY example project demonstrates assembling,
compiling, linking, downloading, and debugging using the
HVision IDE on the MCB1700 board. The on-board LEDs
make it easy to visually verify that the program loads and
executes properly.

Loading BLINKY

To load the BLINKY project, select Open Project from the
Project menu and open BLINKY.UV2 from the
\KEIL\ARM\BOARDS\KEIL\MCB1700\BLINKY\
folder.

Select Project File

Lockin. | 3 Blinky

- e B E

[£] Downloading BLINKY
[21 Nakiinninn AIINKY
« i ] B

2 ‘@F\ash

b
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Building the “Blinky” Project

The project may contain several targets, for exampl

= Simulator: is a configuration to debug code without reag¢tthardware

= Board specific target: is a configuration to download and test the paogon

real target hardware

For testing on hardware
ensure thaBoard specific
target is selected.

Blinky - pVision [E=2EoB (<7
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=A™ W= R ECY N u = = # adcl_nl
[ #4 £ [MCBSTM32 Flas | &y

-
MCBSTM32 M

(=423 MCBSTM32 AMCBSTM32 + OPT tings: 115200 baud, & data bits, an'

=45 Startup Code - RD is used with DMA

L [#) STM32F10xs| AD settings: 12 bit resolution

=254 Flash Options 3
. [] STM32F10xC

=5 Retarget

: Retarget.c

The Blinky program is available in different tax
Simulator:
MCBSTM32:

configured for software Simule
runs from Internal Flash locat
(used for production or target
MCBSTM32 + OPT: MCBSIM32 with Flash Options=
(used for programming)

|&r..[@e. ]G J0,n] [[4]] v

Select the target to use

-

Use theRebuild command of th&uild Toolbar to compile and link all

project files, or use théroject — Rebuild all target filesMenu

The executable files are
placed in an output folder
and are ready for
downloading.
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Build Output x

Build target 'MCBSTM32' -
assembling STM32F10x.=...

compiling Retarget.c...

compiling LCD 4bit.c...

compiling Serial.c...

compiling 5TM32 Init.c...

compiling Blinky.c...

linking...

Program Size: Code=3148 RO-data=39%6 RW-data=24 ZI-data=512
FromELF: creating hex file...

" . A\Cbj\Blinky.axf" - 0 Error(s), 0 Warning(s).

4 [}
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Downloading the “Blinky” Program

Before using the Download command for the firsttjiverify the Flash options
in theProject — Options for Target — Utilities dialog. Alternatively, you can
use the~lash — Configure Flash Tools..Menu to reach the identical dialog.
Connect the board to your PC.

After you have configured the pVision IDE, thkash — DownloadMenu uses
the specified adapter for Flash programming.

13 Click theDownload to Flast Toolbar button, or use tigash—
Download Menuto flash the application program to the target ivare

The program has been Busd Output X

. Load "C:\\Keil\\ARM\\Boards\\Keil\\MCESTM32\\Blinky\\0bj\\Blinky.AXF" -
downloaded, and it runs  [zese teme.
successfully on your target [ve=:=v o=. |
hardware as soon as the '

LEDs are blinking.

Debugging the “Blinky” Program

To verify the configuration settings for the Debaggpen th®ptions for
Target — Debugdialog.

u Click theUseradio Options for Blinky - Target 'MCBSTM32' =
button and Select the Device | Target | Output | Listing | User ‘ C/Ce+ | Asm | Linker Debug | Utilties |
. " Use Simulator ings || ' Use: ortex Debugger - ings
appropriate debug I i Syt ot e LSt | € s UKo <]| ot |
d river fro m th e d rop ¥ Load Application at Startup ¥ Run to main{) [V Load Application at Startup W Run to main(
down |ist Initilization File: J inmahzaﬂnn File: J
Restore Debug Session Settings Restore Debug Session Settings
u CheCk Load [V Breakpoints V¥ Toolbax [¥ Breakpoints ¥ Toolbox
Application at Startup | ¢35 D
and Run to main()
CPUDLL: Parameter: Driver DLL. Parameter:
- CI|Ck thesettl ngS [SARMCM3DLL | [sARMCM3DLL |
bUtton and Ve I’Ify the Dialog DLL: Parameter: Dialog DLL: Parameter:
driver co nfiguration [DARMSTM.DLL [pSTM32F103VE [TARMSTM DLL [pSTM32F103VE
OK | Cancel ‘ Defaults ‘ Help
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@}  Click Start/Stop Debug Sessio from theDebug Toolbat, or open the
Debug — Start/Stop Debug Sessiadenu, to start debugging your
application

1 Step One Line — use the step commands to debug the application o
target hardware

&% Rese — Reset the microcontroller while debugging

Run — the program to flash the LEDs on your evaluatioard

€  Stop- program execution

o Show Current Statemen — Show next statement to be executed in the

code
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Glossary

ASCII
American Standard Code for Information Interchange
This is a set of codes used by computers to repiresgts, characters,
punctuation, and other special symbols. The 1ig& characters are
standardized. The remaining 128 are defined bynipeementation.

Assembler
A computer program to create object code by trainglassembly
instruction — mnemonics into opcodes, and by resglsymbolic names for
memory locations and other entities. Programdevriin assembly
language and translated by an assembler can bedaai® memory and
executed.

CAN
Controller Area Network
Is a bus standard, designed specifically for autv@@pplications,
meanwhile also used in other industries. It allowsrocontrollers and
devices to communicate with each other withoutst bomputer.

CMSIS
Cortex Microcontroller Software Interface Standard
A vendor-independent hardware abstraction layethierCortex-Mx
processors. It enables consistent, scalable,iamplessoftware interfaces to
the processor for interfacing peripherals, reaktmperating systems, and
middleware, simplifying software re-use, and redgdhe time to market
for new devices.

Compiler
A program that translates source code from a regktprogramming
language, such as C/C++, to a lower level languagexample, assembly
language or machine code. A compiler is likelpésform many or all of
the following operations: lexical analysis, pre@ssing, parsing, semantic
analysis, code generation, and code optimizatioviision implements
C/C++ compilers.
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CRC
Cyclic Redundancy Check
Is a type of function to detect accidental alteratf data during
transmission or storage.

Debugger
A computer program to test software. Debuggersradphisticated
functions such as running a program step-by-steglésstepping),
stopping, pausing the program to examine the custaie at some kind of
event through breakpoints, and tracking the vatidiesriables.

FPGA
Field-Programmable Gate Array
A semiconductor device that can be configured byctistomer after
manufacturing.

GPIO
General Purpose Input/Output
An interface available on microcontroller devicesriteract digitally with
the outside world. GPIOs are often arranged inbaigs, typically of 8, 16,
or 32 pins. The GPIO port pins can be configuretividually as input or
output.

ICE
In-Circuit-Emulator
A hardware device used to debug software of an dadzesystem. It
provides hardware-level run-control and breakpfaatures. Some ICEs
offer a trace buffer that stores the most recentaabntroller events.

Include file
A text file that is incorporated into a source filging the#include
preprocessor directive.

Instruction set
An instruction set, or instruction set architect(I&A), is the part of the
microcontroller architecture related to programmingluding the native
data types, instructions, registers, addressingesyademory architecture,
interrupt and exception handling, and external IA. ISA includes a
specification of the set of opcodes — the nativeroands implemented by
a particular microcontroller.
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JTAG
Joint Test Action Group
The common name used for the IEEE 1149.1 standdleticStandard Test
Access Port and Boundary-Scan Architecture. JTGften used as a
microcontroller debug or probing port and allowsadaansfer out of and
into device memory.

Library
Is a file, which stores a number of possibly relatbject modules. The
linker can extract modules from libraries to usenthin building an object
file.

LIN
Local Interconnect Network
Is a vehicle bus standard or computer networkirggdystem used within
current automotive network architectures. The bli¢ is a small and slow
network system that is used as a cheap sub-netw@CAN bus.

Linker
Is a program that combines libraries and objemserated by a compiler,
into a single executable program.

Lint
A tool to check C/C++ code for bugs, glitchespimsistency, portability,
and whether the code is MISRA compliant.

Macro
Defines a rule or pattern that specifies how aageihput sequence should
be mapped to an output sequence.

MDI
An application that allows the user to open moentbne document from
the same application without having to purposelynéhn another instance of
the application.

Memory model

Is a definition that specifies which memory are@sused for function
arguments and local variables.
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MISRA
Motor Industry Software Reliability Association
A forum that provides software development stansifodthe C/C++
programming language, focusing on code safetyapditly , and reliability
in the context of embedded systems.

Monitor
Is a program for 8051 and C166 devices. It calvdged into your target
microcontroller to aid in debugging and rapid preciddevelopment through
rapid software downloading.

Object
A memory area that can be examined. Usually udezhweferring to the
memory area associated with a variable or function.

Object file
Created by the compiler, this file contains an oigred collection of
objects, which are sequences of instructions iraehine code format, but
might also contain data for use at runtime: reliocainformation, stack
unwinding information, comments, names of variables functions for
linking, and debugging information.

OCDS
On Chip Debug Support
A debug port that provides hardware emulation festtor the Infineon
166 devices.

Opcode
An operation code is that portion of a machine legg instruction that
specifies the operation to be performed. Theiciigation and format are
laid out in the instruction set architecture of gnecessor.

Simulation
Is the imitation of a real thing or process. Inigi¥n, simulation is used to
create embedded applications without using ‘reatttvare. You can
represent key characteristics and behaviors of¢lected system, perform
optimization, safety engineering, testing, and dggjmg.

Stack
An area of memory, indirectly accessed by a stadhkter, that shrinks and
expands dynamically, and holds local function ddtams in the stack are
removed on a LIFO (last-in, first-out) basis.
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Token
Is a fundamental symbol that represents a namastiby & a programming
language.

Thumb, Thumb?2
An instruction set for ARM and Cortex deviceSeeinstruction set

UART
Universal Asynchronous Receiver/Transmitter
Is an individual IC, or part of an IC, used foriaecommunications.
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