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Introduction

1 Introduction to the Rapid Development Kit

ThisQuickStart provides:

e genera information on the PHYTEC miniMODUL-535 Single
Board Computer (SBC)

« an overview of Keil's pVision2 software evaluation development
tool chain, and

e instructions on how to run example programs on the
miniMODUL-535, mounted on the PHYTEC Development
Board 5V, in conjunction with pVision2 IDE

Please refer to theiniMODUL-535 Hardware Manualor specific
information on such board-level features jamper configuration
memory mappin@ndpin layout Selecting the links on the electronic
version of this document links to the applicable section of the
miniMODUL-535 Hardware Manual.

1.1 Rapid Development Kit Documentation

This "Rapid Development Kit" (RDK) includes the following elec-
tronic documentation on the enclosed "PHYTEC Spectrum
CD-ROM™

e the PHYTEC miniMODUL-535 Hardware Manual and
Development Board Hardware Manual

e controllerUser's Manuals and Data Sheets

 this QuickStart Instructions with general "Rapid Development Kit"
description, software installation hints and three example programs
enabling quick out-of-the box start-up of the miniMODUL-535 in
conjunction with the Keil software development tools.

© PHYTEC Meftechnik GmbH 2002 L-386e_3 1
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1.2 Overview of thisQuickStart Instruction

This QuickStart Instruction gives a general "Rapid Development Kit"
description, as well as software installation hints and four example
programs enabling quick out-of-the box start-up of the
miniMODUL-535 in conjunction with the Keil software development
tools. It is structured as follows:

1)

2)

3)

The " Getting Started" section uses two example programs:
"Blinky" and "Hello" to demonstrate the download of user code
to the Flash device using PHY TEC FlashTools.

The "Getting More Involved" section provides step-by-step in-
structions on how to modify both examples, create and build new
projects and generate and download output files to the
miniMODUL-535 using the Keil tool chain and FlashTools98.

The "Debugging" section provides a third example
program - "Debug" - to demonstrate monitoring of the board and
simple debug functions using the pVision2 debug environment.

In addition to dedicated data for this Rapid Development Kit, this
CD-ROM contains supplemental information on embedded micro-
controller design and development.
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1.3 System Requirements
Use of this"Rapid Development Kit" requires:

e theminiMODUL-535 SBC module

* the PHYTEC Development Board with the included DB-9 serial
cable and AC adapter supplying 8-13 V / min. 250 mA

* the PHYTEC Spectrum CD

e an IBM-compatible host-PC (486 or higher running at least
Windows95/98)

For more information and example updates, please refer to the
following sources:

PTG

http://www.phytec.com - or - http://www.phytec.de
support@phytec.com - or - support@phytec.de

D S TARE

http://www.keil.com
support@keil.com
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1.4 ThePHYTEC miniM ODUL-535

The miniMODUL-535 represents an affordable, yet highly functional
Single Board Computer (SBC) solution in subminiature dimensions
(85 x 55 mm). Standard versions of the miniMODUL-535 feature the
following 8051-compatible Infineon C500 family controllers:

* the SAB80C535, featuring an 8-channel on-chip A/D converter
with 8-bit resolution;

» the SAB80C515A, featuring an 8-channel on-chip A/D converter
with 10-bit resolution

All applicable data/address lines and applicable signals extend from
the underlying logic devices to standard-width (2.54 mm/0.10 in.) pin
headers lining the circuit board edges. This enables the
miniMODUL-535 to be plugged like a "big chip" into target hard-
ware.

The standard memory configurations of the miniMODUL-535
features 32 (to 160) kByte external SRAM and 128 (to 512) kByte
external Flash for storage of user code. The Flash device allows direct
on-board programming. Free Chip Select signals are available for
external 1/0O connectivity.

The module communicates by means of an RS-232 transceiver and
operates within a standard industrial range of 0 to +70 degrees C. and
requires only a 250 mA. power source.

PHYTEC FlashTools98 enables easy on-board download of user
programs.

4 © PHYTEC Meftechnik GmbH 2002 L-386e_3
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miniM ODUL-535 Technical Highlights

SBC in credit card size dimensions (55 x 85 mm) achieved through
advanced SMD technology

populated with an Infineon SAB 80C535/80C515A controller in
PLCC-68 package

up to 18 MHz clock speed
32 (to 160) kByte externa SRAM

128 (to 512) kByte external Flash supporting on-board download
of user code from a host-PC in conjunction with PHYTEC
FlashTools98 firmware

RS-232 serid interface
three Chip Select signals for connection to external peripherals

8-channel A/D converter with 8/10-bit resolution (if mounted with
the 80C535 or 80C515A, respectively)

requiresonly +5V / 250 mA power source

operatesin atemperature range of 0O... 70° C.
(optional -40... 85° C. temperature range available)

© PHYTEC Meftechnik GmbH 2002 L-386e_3 5
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The PHYTEC Development Board, in EURO-card dimensions
(160 x 100 mm), is fully equipped with al mechanical and electrical
components necessary for the speedy and secure insertion and subse-
guent programming of most PHYTEC microMODUL and
miniMODUL series Single Board Computers. Simple jumper configu-
ration readies the Development Board's connectivity to any PHY TEC
module, which plug pins-down into the contact strips mounted on the
Development Board. One set of strips accommodates microMODULS,
the other miniMODUL SBC:s.

Development Board Technical Highlights

e RESET push button
* BOOT push button

» |low voltage socket and voltage regulator accepting an unregulated
input voltage in arange from 8to 13VDC

» DB-9 connector (configured as an RS-232 interface)

» second DB-9 connector configurable as an RS-485, CAN or a
second RS-232 interface depending on the implemented Single
Board Computer and user needs

* VG96-connector

 simple jumper configuration allowing use of the Development
Board with various PHY TEC Single Board Computers

» wire wrap field (60 x 60 mm) supporting development of user-
designed peripheral hardware

6 © PHYTEC Meftechnik GmbH 2002 L-386e_3
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1.5 TheKaeil Software Evaluation Development Tool Chain

The Keil software evaluation development tool chain fully supports
the entire C500 and 8051-derivative microcontroller family, including
the Infineon SAB 80C535/80C515A controller. This includes a C
compiler, macroassembler, linker/locator and the simulator and target
monitor within the pVision2 IDE.

The Kell tool chain consists of the following executables:

e CCompiler cx5l.exe
o Assembler axbl.exe
e Linker bl51.exe
o Converter oh51.exe
e uVision2 uv2.exe (a Windows-based application)

Once installed, the default destination location for the DOS-based

files is the C:\Kel\C51\Bin directory while pVision2 is in
C:\KeilUv2. Access to these programs from Windows is accom-
plished withinuVision2. The entire tool set can be run fraMision2

or directly from DOS with batch files. The evaluation version of the
Keil tool chain is restricted to a manipulable code size of 2 kByte. In
addition the code will automatically be located at 0x4000 in order to
prevent unauthorized use of this version for programming of common
devices with internal code memory less or equal than 2 kByte. Other
than these restrictions, the evaluation tool chain functions exactly as
the full version does, enabling full evaluation of the features and
functionality of Keil development tools. The full version has no such
restrictions, both are fully ANSI compliant.

© PHYTEC Meftechnik GmbH 2002 L-386e_3 7
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uVision2 IDE

puVision2 is a Windows-based Graphical User Interface for the
C compiler and assembler. All compiler, assembler and linker options
are set with simple mouse clicks. pVision2 runs under
Windows 95/98/ME/NT/2000 and XP. This Integrated Development
Environment (IDE) has been expressly designed with the user in mind
and includes a fully functional editor.

All IDE commands and functions are accessible via intuitive pull-
down menus with prompted selections. An extensive Help utility is
included. External executables can be run from within pVision2, in-
cluding emulator software.

pvision
Integrated Development Environm ent

cC51 AS51
C Com piler Macro Assembler

c LIBS5S1 RTX51
Libra ry Library Manager Eeal-Time Eernel

BL51
Code Banking Linker/Locator

Emulator
&

dScope-51 ]
Source-Level Debugger Pm'f_f,:',:f“,

CPU & Peripheral MONS1
Drivers Target Monitor

Figurel: Kaeil Tool Chain Overview
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Cx51 C Compiler

The Cx51 ANSI compiler is specificaly designed for the
8051 microcontroller family with enhanced memory architectur. The
compiler can be run either in a DOS box under Windows or directly

from pVision2.

Ax51 M acroassembler

The assembler can be run either in a DOS box under Windows or
directly from pVision2.

BL51 Code Banking Linker/L ocator

The BL51 linker/locator is used to join re-locatable object modules
and library files together and to locate them to fixed memory loca-
tions. It supports Code Banking for easy management of multiple
code-banks to allow applications with more than 64 kByte of code.
The library and object files created with the Cx51 compiler or the
Ax51 assembler are provided by Keil. This process results in absolute
object modules. The BL51 is DOS-based and can be run within a
DOS box under Windows or directly from pVision2. A map file
(*.m51) can be produced, giving details of the memory structure. The
object file may be specified to contain debugging information as re-
quired by simulators, debuggers and emulators. The BL51 also
supports an overlay mechanism for variables to optimize the use of
the size-restricted internal RAM.

OH51 Object-Hex Converter

The Keill OH51 object-to-hex converter transforms an absol ute object
file produced by the BL51 Banking Linker into a standard Intel *.hex
file. Thisfileis suitable as an input to the PHY TEC FlashTools or for
programming into an EPROM or an emulator. OH51 can be run in a
DOS box under Windows or directly from puVision2.

© PHYTEC Meftechnik GmbH 2002 L-386e_3 9
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Debug Environment

pnVision2 contains a software simulator supporting debugging either
via software on a host-PC or in target hardware. When operated in
conjunction with the Keil monitor resident in target hardware
HnVision2 enables the following debugging functions:

* run/halt

» set breakpoints

* examine/change memory

* view the stack

» view/set peripheral information
* apply virtual external signals

nVision2 has a performance analysis feature to ensure your code runs
efficiently. In addition, pVision2 has a disassembler/assembler that
allows the modification of user code without recompiling.

10 © PHYTEC MeRtechnik GmbH 2002  L-386e_3
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2 Getting Started

What you will learn with this Getting Started exampl e:

» instaling Rapid Development Kit software

o starting PHY TEC FlashTools98 download utility

* interfacing the miniMODUL-535, mounted on the PHYTEC
Development Board, to a host-PC

» downloading example user code in Intel hexfile format from a
host-PC to the external Flash memory using FlashTools98

2.1 Installing Rapid Development Kit Software

* Insert the PHYTEC Spectrum CD into the CD-ROM drive of your
host-PC.

The PHYTEC Spectrum CD should automatically launch a setup
program that installs the software required for the Rapid Devel opment
Kit as specified by the user. Otherwise the setup program start.exe
can be manually executed from the root directory of the PHYTEC
Spectrum CD.

© PHYTEC MeRtechnik GmbH 2002  L-386e_3 11
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The following window appears:

All you need'for Rapid Deve]opment

A S

B 2<ic Product Files 4 Installs all electronic !
documentatiifiydemonstratioh

software and demonstration
Install Data S,_ ets

- programsithat are essential for
start-up of a PHYTEC product.

» Choosethe Install Basic Product Files button.

o After accepting the Welcome window and license agreement,
select the destination location for installation of Rapid
Development Kit software and documentation.

The default destination location is C:\PHYBasic. All path and file
statements within this QuickStart Instruction are based on the
assumption that you accept the default install paths and drives. If you
decide to individually choose different paths and/or drives you must
consider thisfor all further file and path statements.

We recommend that you accept the default destination location.

12 © PHYTEC MeRtechnik GmbH 2002  L-386e_3
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Choose Destination Location

Setup will install the PHYTEC Praducts in the fallowing folder.

Toinztall to a different folder, click brovse and select another

folder.

MOTE: *We suggest that you install PHYTEC Products using the
default [acation [which will result in at least 5 directary levels].

If wou wizh to install to another location, the path length

should not exceed 8 directon levels, & path of more

than 2 directory levels may not work,

Changes of the default folder must be considered when following
the QuickStart [nstructions |

" Destination Folder

C:"PHYB asic Browse. .. |

Cancel |

* In the next window, select your Rapid Development Kit of choice
from the list of available products. By using the Change... button,
advanced users can select in detail which options should be in-
stalled for a specific product.

Select PHYTEC products

Select the PHYTEL products you want to install, clear the
products pou do not want to install

LComponents

|| mintODUL-B03 TE ;l
| ] minitODUL-515C 4

™ minitdODUL-535

] mimt ODLIL-527 il

|| im0 DLIL-552 il ;I
— Description

Installs the components for the
min0DUL-535 Lfiange,.. |

Space Required: BE27 K.
Space Available: 1173088 K

< Back I Heut » I Cancel |

All Kit-specific content will be installed to a Kit-specific subfolder of
the Rapid Development Kit root folder that you have specified at the
beginning of the installation process.

© PHYTEC MeRtechnik GmbH 2002  L-386e_3 13
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All software and tools for this miniMODUL-535 RDK will be in-
stalled to the \PHYBasic folder on your hard drive.

* In the next dialog you must choose whether to copy the selected
documentation as *.pdf files to your hard drive or to install alink
to the file on the Spectrum CD.

Install |

Do wou want ko inztall the zelected docurmentation
az .pdf-files to your hard-drive 7

Othenwize pau will need the PHYTEC
Spectrum CO-ROM toread the documentatiorn,

If you decide not to copy the documentation to your hard drive, you
will need the PHYTEC Spectrum CD-ROM each time you want to
access these documents. The installed links will refer to your
CD-ROM drivein this case.

If you decide to copy the electronic documentation to your hard drive,
the documentation for this miniMODUL-535 RDK will aso be in-
stalled to the kit-specific subfolder. The manuals of the PHY TEC De-
velopment Board are copied to their own specific subfolder
(e.g. \PHYBasic\DevBmM) because each Development Board is
suitable for multiple SBC's and is not dedicated to a specific RDK.

Setup will now add program icons to the program folder, named
PHYTEC.

» Click on Finish to complete the installation of PHY TEC products.

14 © PHYTEC MeRtechnik GmbH 2002  L-386e_3
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* In the next window, you choose the Kell EK51 software
development tool chaint.

Tool Chain Installation |

Setup haz detected that an appropriate Tool Chain iz required to carm ot
CluickStart Instructions for the installed Rapid Development Kits.

HOTE:

In order to succeed when carying out the
[uickStart Instructions an this CO-ROM pou musgt
inztall at least one appropriate Tool Chain.

Select at leazt one of the Tool Chaing lizted below:

[ Keil EK51 Software Development Toaol Chain
[™ Tasking for 8051 Dema Tool Chain

The applicable Keil tool chain must be installed to ensure successful
completion of this QuickStart Instruction. Failure to install the proper
software could lead to possible version conflicts, resulting in
functional problems.

We recommend that you install pVision2 from the Spectrum
CD-ROM even if other versions of uVision2 are already installed on
your system. These QuickStart Instructions and the demo software in-
cluded on the CD-ROM have been specifically tailored for use with
one another.

» After accepting the Welcome window and license agreement,
select the destination location for installation of the Keil
evaluation development tool chain. The default locatiddx \Keil.

1 If installing a different tool chain, please refer to the corresponding QuickStart manual.

© PHYTEC MeRtechnik GmbH 2002  L-386e_3 15
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The Keil evaluation development tool chain will be installed to your
hard drive. Additional software, such as Adobe Acrobat Reader, will
aso be offered for installation.

In the following windows you can decide to install FlashTools98
software and the Acrobat Reader.

Install i

Setup has detected that the FlazhT ool=38 Saoftware
iz required to carry out QuickStart Instructions
for the inztalled B apid Development Kits.

MOTE: In order to zucceed when carying out the
CluickStart Ingtructions from this CO-FORM pou must
alzo inztall the appropriate FlazhT ools Software
included on this CD-ROM.

Do you want to install the FlashT oolz93 Saoftware
fram thiz CO-ROM 2

The applicable FlashTools98 software must be installed to ensure
successful completion of this QuickStart Instruction. Failure to install
the proper software could lead to possible version conflicts, resulting
in functional problems.

Install |

Setup haz detected that you have inztalled manuals
for zome modules.

MNOTE:
To view them pou must uze Acrobat Beader W4.05
or higher.

Lo pou want to install Acrobat Reader 4,058
frarm thiz CO-ROM 7

16 © PHYTEC MeRtechnik GmbH 2002  L-386e_3
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 Decide if you want to begin the QuickStart

I nstruction

immediately by selecting the appropriate checkbox and click on

Finish to complete the installation.

Setup Complete

Setup has finizhed instaling PHYTEC products an yaur
camputer,

Y'ou can immediately begin the QuickStart Instructions for the
FHYTEL products.

V¥ e, | wart to begin DuickStart Instructions.

Click Finizh to complete Setup.

< Hiask: I Finish I

© PHYTEC Meftechnik GmbH 2002 L-386e_3
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2.2 Interfacing the miniMODUL-535to a Host-PC

Connecting the miniMODUL-535, mounted on the PHYTEC
Development Board, to your computer is simple:

e As shown in the figure below, if the miniMODUL is not already
pre-installed, mount it pins-down onto the Development Board’s
exterior receptacle footprint (X1).

» Ensure that pin 1 of module (denoted by the hash stencil mark on
the PCB) matches pin 1 of the receptacle on the Development
Board.

» Ensure that there is a solid connection between the module pins
and the Development Board receptacle.

Caution:
Take precautions not to bend the pins when the miniMODUL is
removed from and inserted onto the Development Board.
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Figure2:  Development Board Overview
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» Configure the Jumpers on the Development Board as indicated
below. This correctly routes the RS-232 signals to the DB-9
connector (P1) on the Development Board.

(w m| Jps
IP11 JPp13 IP1
IP16

oo 0 g DJP6 ‘ IP4 o Jp2 | IP8 | gloPis
EE EEENE EEEENEN®EHN B AR N — RN — N EEEEm
nIIIIIIIIIIIIIIIIIII=III=lnllll
Pl [ Shet e | [P oes ’ ,
JP123D14JD15 P19 JPS IP7 IP10

Figure3:  Suitable Development Board Jumper Settings

» Configure Jumper JP1 on the Development Board as indicated
below to supply the board through the power socket (P3).

JP1

e Connect the RS-232 interface of your computer to the DB-9
RS-232 interface on the Development Board (P1) using the in-
cluded seria cable.

» Using the included power adapter, connect the power socket on the
board (P3) to a power supply (refer to Figure 4 for the correct
polarity).

Polarity: -+

+8...12 VDC Center Hole_ \ -
2.0mm ] 5.5 mm
500 mA A
GND

Figure4:  Power Connector

» Simultaneously press the Reset (S1) and Boot (S2) buttons on the
Development Board, first releasing the Reset (S1) and then, two to
three seconds later, release the Boot (S2) button.

© PHYTEC MeRtechnik GmbH 2002  L-386e_3 19
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This sequence of pressing and releasing the Reset (S1) and Boot (S2)
buttons aways renders the mimMODUL-535 into the Flash
programming mode (FPM). Use of FlashTools98 requires that the
mMiniMODUL-535 be in FPM. See section 2.4, "Downloading Exam-
ple Code with FlashTools98" for more detalls.

The miniMODUL should now be properly connected via the
Development Board to a host-PC and power supply. You are now
ready to program the miniMODUL-535, as mounted on the
Development Board. This miniMODUL/Development Board
combination is also referred to as "target hardware".

2.3 Starting PHYTEC FlashTo0ols98

FlashTools98 should have been installed during the initial setup
procedure as described in section 2.1. If not, you can manually install
it using the setup.exe file located in the folder \Softwar e\Flasht98\.

FlashTools98 for Windows is a utility program that alows download
of user code in Intel *.hex file format from a host-PC to a PHYTEC
SBC viaan RS-232 connection.

FlashTools98 consists of firmware resident in the external Flash and
corresponding software installed on the host-PC. Proper connection of
a PHYTEC SBC to a host-PC enables the software portion of
FlashTools98 to recognize and communicate to the firmware portion.

* You can start FlashTools98 by selecting it from the Programs
menu using the Windows Sart button.

It is recommended that you drag the FlashTools98 icon onto the
desktop of your PC. This enables easy start of FlashTools98 by
double-clicking on theicon.
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2.4 Downloading Example Code with FlashT00ls98

Start FlashTools98 for Windows by double-clicking on the
FlashTools98 icon or by selecting FlashTools98 from within the
Programs|Phytec program group.

The Communication Setup tab of the FlashTools98 tabsheet
window will now appear. Here you can specify connection
properties to the miniMODUL-535.

# PHYTEC FlashTools 98 == 3
Ele ‘“iew Connection Help
Serial Interface
il Bt
( [com 1 -1 | | [ ssBad 7]

Dizconneck | Connect |

Choose the correct serial port for your host-PC and a 9,600 baud
rate.

Note:
Always ensure that the miniMODUL-535 is in Flash programming
mode before clicking on the Connect button.

Click the Connect button to establish connection to the target
hardware.
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The microcontroller firmware tries to automatically adjust to the baud
rate selected within the baud rate tab. However, it may occur that the
selected baud rate can not be attained. This results in a connection
error. In this case, try other baud rates to establish a connection.
Before attempting each connection, be sure to reset the target hard-
ware and render it into Flash programming mode (FPM) as described
in section 2.2.

Returning to the FlashTool98 window, you will see tabs for the
following:

Bank Utilitiest enable erasure and status check of whole banks of
memory specified by the user:

# PHYTEC FlashTools 98 [_ (=] =]
File “iew Connection Help
e | z2e e 22 = Q0|
FElash Information | Protected Area Information | Sector Utilities |
Bank Utiltiez | File Download | Communication Setup
Bankszelection
Active Bank iz :
Bank #1 iz mapped to Address Area 00010000k - 0001 FFFFR j
Bank Eraze
Bank | mapped to Address Area | including Sectors | Status
Bank #0 00000000k - 0000FFFFh #0
Bank #1 00010000k - 0001FFFFh #4
Eraze Bank(z) |
| Connection : COM2,3600,8,N,1

1:  The number of banks shown on Bank Utilities tabsheet varies depending on the size and
type of the Flash mounted on the miniMODUL-535.
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Flash Information! shows Flash type, sector and address ranges in

Flash memory:

# PHYTEC FlashT ools 98

File View Connection Help

M= E3

i =] 2ls =le o 2|2 &

Bank Utilitiez |

File Download

Communication Setup

90

Frotected Area Information | Sector Utilities
rFlash Informatior
Manufacturer Code 20H Memory Size 128 KB
Device Code 01H Sector Size 4000H
Flashtype AMD 29F010 Sectors 8
Mode external Flash
—Address Information
Sectar Address-Range -
Sector §0 00000000k - 00003FFFh
Sector #1 00004000k - Q0007FFFh
Sector §2 00008000k - D000BFFFR
Sector §3 0000C000k - O000FFFFR —
Sector #4 00070000k - 0007 3FFFh
Sector #5 00014000k - 0001 7FFFh LI

|Connection : COMZ.9500,8.M.1

Communication Setup allows selection of the serial port and speed
before the communication is initialized, or to disconnect the ongoing

communication:

# PHYTEC FlashTools 98

File  Wiew Connection Help

& E3

Hetl 28l =a | 24 &l

Flash Information |
Bank Utilities |

File Download

Protected Area Information

0o

| Sector Utilities |

Communication Setup

Serial Interface

"PDII—

IEDM‘I 'l

(

Baudrate————

I 9600 Baud 'l

Dizconnect |

Cannect |

{Connection : COM1.9600.8.N.1

1.

the Flash mounted on the miniMODUL-535.

The appearance of tiidash Information tabsheet varies depending on the size and type of
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File Download downloads specified hexfiles to the target hardware:

# PHYTEC FlashT ools 98 = E3

File “iew Connection Help

NENEEET EEEE 5P

Flash Infarmation | EBrotected Area Information I Sector Utilities I

Bank Utilities File Download | Communication Setup

Download |

Filename : Hello. hex |

Filetype : Standard Intel Hex File i

Filesize 7303 Bytes ‘

|

|

Download |

| Connection : COM1,9600,8.N.1

Protected Areas Information shows protected areas of Flash memory:

# PHYTEC FlashTools 98 |- (O] x]

File “iew Connection Help
2| &) 0o

nl=sl 28 me | 2

Bank Utilities | File D ownload | Communication Setup I
Flazh Information Protected Area Information | Sector Utilities

~Praotected Areas Informatior

Fratection | AddrezsRange |
Protected Area #0 00000000H - 0000FFFFH

Mo Access Areas Informatior

Fratection | AddrezsFange

| Connection : COM2,3600,8.N,1
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Sector Utilitiest enable erasure and status check of individual sectors
of Flash memory specified by the user:

# PHYTEC FlashTools 98 M= E3

File “iew Connection Help

il =lal 28| =8l 22| = (2]

Bank Utilities | File Download | Communication Setup |
Flash Information | Protected Area Information Sector Utilities
—Sechor Status Informatior
Sector | Address-Range | Pratection | Status |

Sector #0 00000000k - O0003FFFh Software not available
Sector #1 00004000k - 00007FFFh Software hot available
Sector #2 00002000k - 0000BFFFR Software hot available
Sector #3 0000000k - 0000FFFFR Software hot available
Sector #4 00010000k - 0001 3FFFh unprotected nat available
Sector #5 00014000k - 0001 7FFFR unprotected nat available
Sector #E 00018000k - 000 BFFFh unprotected nat available
Sector §7 0001 C000k - DO01FFFFR unpratected hot available

Sector Blank Check Eraze Sector(s)

| Connection : COM2,3600,8,N,1

1:  The appearance of tiSector Utilities tabsheet varies depending on the size and type of the
Flash mounted on the miniMODUL-535.
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241 "Blinky"

The "Blinky" example downloads a program to the Flash that, when
executed, manipulates the LED D3 on the Development Board that is
located next to the Boot button S2.

» Returning to the FlashTools98 tabsheet, choose the Bank Utilities
tab, highlight Bank #1 within the Bank Erase section, and click on
the Erase Bank(s) button to erase this memory bank.

o Wait until the status check in the lower left corner of the
FlashTools98 tabsheet finishes, returning the connection
properties description to the lower left corner of the window.

* Next choose the File Download tab and click on the File Open
button.

The hexfile has aready been installed to your hard drive during the
installation procedure.

» Browse to the correct drive and path for the miniMODUL-535
Demo folder (default location
C:\PHYBasic\mM-535\Demos\Keil\Blinky\Blinky.hex)
and click Open.

* Click on the Download button. You can watch the status of the
download of the Blinky.hex into the external Flash memory in the
Download window.

x

Filename :  Blinky.hes
Filetype : Standard Intel Hex File
Filezize : 209 Bytes

STATUS
O ANNNNENEED 1007
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If the selected Flash bank into which you wish to download codeis
not empty (i.e. erased), a warning dialog box will appear,
indicating "Location not empty! Please erase location and try
again". In this event, select the Bank Utilities tab from the
FlashTools98 tabsheet, highlight Bank #1 and erase the bank. Then
repeat the download procedure.

» At the end of the download, a sector-by-sector status check of the
Flash memory can be viewed in the lower left corner of the
FlashTools98 tabsheet window. Wait until the status check
finishes before returning to work with the board. Once the status
check is complete, the downloaded code can be executed.

e Returning to the Communication tab, click on the Disconnect
button and exit FlashTool s98.

* Pressthe Reset button (S1) on the Development Board to reset the
target hardware and to start execution of the downloaded software.

» Successful execution of the program will flash the LED D3 with
equal on and off ratio.
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242 "Hdlo"

The "Hello" example downloads a program to the Flash that, when
executed, performs an automatic baud rate detection and sends a
character string from the target hardware back to the host-PC. The
character string can be viewed with a terminal emulation program.
This example program provides a review of the FlashTools98 down-
load procedure. For detailed commentary on each step, described be-
low in concise form, refer back to sections 2.2 through 2.4.1.

» Ensure that the target hardware is properly connected to the
host-PC and a power supply.

* Reset the target hardware and force it into Flash programming
mode by simultaneously pressing the Reset (S1) and Boot (S2)
buttons on the Development Board and then releasing first the
Reset and, two or three seconds later, the Boot button.

o Start FlashTools98.

» At the Communication Setup tab of the FlashTools98 tabsheset,
specify the proper serial port and transmission speed (9,600 baud)
for communication between host-PC and target hardware and click
the Connect button to establish connection to the target hardware.

» Returning to the FlashTools98 tabsheet, choose the Bank Utilities
tab, highlight Bank #1 within the Bank Erase section, and click on
the Erase Bank(s) button to erase this memory bank.

 Wait until the status check in the lower left corner of the
FlashTools98 tabsheet finishes, returning the connection
properties description to the lower left corner of the window.

* Next choose the File Download tab and click on the File Open
button.

The demo hexfile has aready been installed to your hard drive during
the installation procedure.
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Browse to the correct drive and path for the miniMODUL-535
Demo folder (default location
C:\PHYBasic\mM-535\Demos\Keil\Hello\Hello.hex)

and click Open.

Click on the Download button. You can watch the status of the
download of the Hello.hex into the external Flash memory in the
Download window.

x

Filename:  Hello.hex
Filetype Standard Intel Hex File
Filesize: : 7893 Bytes

STATUS

s | ] ] ]| 100 %

If the selected Flash bank into which you wish to download codeis
not empty (i.e. erased), a warning dialog box will appear,
indicating "Location not empty! Please erase location and try
again". In this event, select the Bank Utilities tab from the
FlashTools98 tabsheet, highlight Bank #1 and erase the bank. Then
repeat the download procedure.

At the end of the download, a sector-by-sector status check of the
Flash memory can be viewed in the lower left corner of the
FlashTools98 tabsheet window. Wait until the status check
finishes before returning to work with the board. Once the status
check is complete, the downloaded code can be executed.
Returning to the Communication tab, click on the Disconnect
button and exit FlashTool s98.
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Monitoring the execution of the Hello demo requires use of aterminal
program, such as the HyperTerminal program included within
Windows.

o Start the HyperTerminal program within the Programs|Accessories
bar.

» The HyperTerminal main window will now appear:

* Double-click on the HyperTermina icon "Hypertrm" to create a
new HyperTerminal session.

& HyperT erminal M= E3
J Fil= Edit “iew Go  Favontes  Help

)
hticor. dil
cy)
% Fl
bwpertrm. dil Hypertim MCI Mail
|E object(s] |_§‘ My Campuiter i

 The Connection Description window will now appear. Enter
"COM Direct" in the Name text field.

* Next click on OK. This creates a new HyperTerminal session
named "COM Direct” and advances you to the next
HyperTerminal window.

Connection Description H

—

IQ‘ News Connection

Enter a name and choose an icon for the connection:

Cancel I

1:  The HyperTerminal window has a different appearance for different versions of Windows.
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» The COM Direct Properties window will now appear. Specify
Direct to COM1/COM2 under the Connect Using pull-down menu
(be sure to indicate the correct COM setting for your system).

COM Direct Properties EHE

Connect To I Settings I

<7 23 COM Direct Change lcan... |

Country code: IGerman_l,l [43) j

Enter the area code without the long-distance prefis.

Area code: IUB'I )|

Phone number: I

Connect using: I Direct ta Coml j

¥ | L= cotntmicade et areajcads
= | Bledisllon busy

(]9 | Cancel |

» Click the Configure button in the COM Direct Properties window
to advance to the next window (COM1/COM2 Properties).

COM1 Properties EHE
Port Settings I
Bitz per zecond: ISBDD j
Diata bitz: IB j
Parity: INone j
Stop bits: |1 j
Flow contral:

Advanced... | BRestare Defaults |

oK I Cancel | Lal |

e Then set the following COM parameters. Bits per second = 9600;
Data bits = 8; Parity = None; Stop Bits = 1; Flow Control = None.
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» Selecting OK advances you to the COM Direct—HyperTerminal
monitoring window. Notice the connection status report in the
lower left corner of the window.

#g COM Direct - HyperT erminal

File Edit “iew LCall Transfer Help
=l
]
4] | 1|
Disconnected [futo detect  [Auto detect SCROLL  [C&FS  [NUM [Captue  [Frintec

* Resetting the Development Board (at S1) will execute the
Hello.hex file loaded into the Flash.

* Now push the <Space> bar on your keyboard once to start the
automatic baud rate detection on the miniMODUL-535.

» Successful execution will send the character string "Hello World"
from the target hardware to the HyperTerminal window.

Pressing any other key than the <Space> bar leads to an improper

baud rate since the automatic baud rate detection is based on the
timing measurement during the transmission of a well known
character — the <Space> character. As a result you may get inco-
herent characters in the HyperTerminal window.

e Click the disconnecticoi8] in HyperTerminal toolbar and exit
HyperTerminal.

e If no output appears in the HyperTerminal window check the
power supply, the COM parameters and the RS-232 connection.

You have now successfully downloaded and executed two
pre-existing example programs in Intehex file format.
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3 Getting Morelnvolved

What you will learn with this example:

» how to start the pVision2 tool chain

 how to configure the pVision2 IDE (Integrated Development
Environment)

* how to modify the source code from our examples, create a new
project and build and download an outputex file to the target
hardware

3.1 Starting the Keil pVision2 Tool Chain

The Keil pVision2 evaluation software development tool chain
should have been installed during the install procedure, as described
in section 2.1.

You can also manually install pVision2 by executekfpl.exe from
within the \Software\Keil\Ek8051 directory of your PHYTEC
Spectrum CD.

Note:

It is necessary to use the Keil tool chain provided on the
accompanying Spectrum CD in order to complete these QuickStart
Instructions successfully. Use of a different version could lead to
possible version conflicts, resulting in functional problems.

» Start the tool chain by selectirgeil puVision2 from within the
Programsgroup.

After you start pVision2, the window shown below appears. From
this window you can create projects, edit files, configure tools,
assemble, link and start the debugger. Other 3 party tools such as
emulators can also be started from here.
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Fie Edit Yiew Projst Debug Perpherab Tools SYC5 Window Help

SeEHd|lERae== % %% =]ah |ia | & | @ B[R] @ g 57 m
S & | R ~
0

[> KEIL
SOFTWARE

IDE for -
Microcontroller

Thig program ig protected by U.S. and intemational copyright laws.

B [}
5 H
L | >|_|

[ [ [NUM | [OVR [RAW

3.2 CreatingaNew Project and Adding an Existing Source
File

nVision2 automatically loads the most recently opened project. If you
find an existing project when starting pVision2, close it by selecting
the Project menu andClose the project.

« To create a new project file select from the pVision2 menu
Project|New Project....This opens a standard Windows dialog
box that asks you for the new project file name.

 Change to the project directory created by the installation
procedure (default location
C:\PHYBasic\mM-535\Demos\Keil\BlinkyR

Savejn: |@ Blinky2 x| = £¥ BB~
Filz name: |Blinky2.uv2 Save I
Save as bype: IF'roiect Files [*.uv2) j Cancel |

v
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* Inthetext field 'File name’, enter the file name of the project you
are creating. For this example, enter the name Blinky2 and click on
Save.

 The Select Device for Target 'Target 1’ window will appear.
Double-click on Infineon in the CPU vendor data base list. The
miniMODUL-535 is equipped with a SAB 80C535. Choose this
controller type from the list as shown below. This selection sets
necessary tool options for the SAB 80C535 device, as well as
pre-configures additional settings for the device.

Select Device for Target ‘Target 1° 2]
cPu |
YWendor  Infineon
Device;  SAB BOCE35 [™ Use Extended Linker [L»51] instead of BLS1
Family: MCS-51 [ Wee Extended éssembler [£<51] instead |of &51
Doata baze Drescription:
----- [ PSBE21493 ;l 8051 bazed CMOS contraller with 4ch P, WD T, Bch ADCAS, ;I
..... [C 5AE S0CH15 56 10 lines. 3 Timers/Counters, 12 Inkerrupts4 priority lesels
..... [ SAB 80CE154 ROM-less, 266 Bytes On-chip Rak

----- [ S4B 80CH17
----- [ 5AB BOCE17A

..... [1] S4B 600537

..... [1 548 83051545

..... [ 548 83051745

..... [ 5D 0C16x/26x

..... [ 5D 558+ TvText Pr
..... [ 504 5000

----- [ 504 80051 & -
d |L|_I =

0K I Cancel

e Click on OK.
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* Now click on Targetl within the Project Window - Files tab.
Targetl is now highlighted. Click on Targetl again to enable the
edit mode. Change the default name of the target to mM-535 and

press the <Enter> key.

BRI
[:l Source Group 1

-r,,, & lﬁ]B...l

o Select the file group Source Group 1 in the Project Window —
Filestab and click on it to change the name into User.

* Right-click in the Project Window — Filesto open a new window.
Choose the option Targets, Groups, Files....

=53 mME38 |

...... 3 w
Select Device for Target 'mki-535!

Options far Group 'User’

Hpen File

[ Build target F7
2 Translate File
Stap buid

Add Files to Group ‘U=zer’

Targets .
Femove Group ‘User' and it's Files

ETS (& [ Q.. |

36 © PHYTEC MeRtechnik GmbH 2002  L-386e_3



Getting More Involved

» Select the tab Groups/ Add Files and type the new group name
System Filesin the Group to Add: section.

Targets, Groups, Files ﬂﬂ

Targets Groups / Add Files |

— Group to Add:

IS_l,lstem File] Add

— dwvailable Groups:

Uszer

Sdd Files o) Group... | Eemowve Eraum |

Ok, I Cancel |

» Click on Add and then on OK.
* Your project file structure should now look like this:

=l
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In order to add Blinky2.c to our project right-click on the User
group to open amenu. Select the option Add Filesto Group 'User’
to open the standard files dial og.

=
=520 mM-535 |
o

L [ Sus Select Device fon Target mkd -535°

Options for Group 'User'

Dper File

[£] Build target F7
5 Translate File
Stop build

Targets, Groups, Files...

Femove Group ser' and it's Files

| F"- @ :ma -

Select the file Blinky2.c.

Add Files to Group 'User* 2| x|
Look jn: | {3 Blinky2 5] - @ ot -

File name:  [BLINKY2 Add
Files of type: IC Source file [*.c) j Close |

» Click on the Add button to add the Blinky2.c file to your current
project window.

* Closethe window.

* Now right-click on group System Files and add the file
Startup.a51. Y ou have to change the file type to "Asm Sourcefile
(*.a, *.src)" inthe File of types pull-down menu to see thisfile.
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* Your project window should now look like this:

x|

El-23 User
. o[#] BUMKY2C
El-Z5 System Files

- [#] STARTUP.ABI

1 |+

-F.._ |§' Oe.. |

At this point you have created a project called Blinky2.uv2 and added
an existing C source file called Blinky2.c and an existing assembler
file called Startup.abl.

The next step is to modify the C source before building your project.
Thisincludes compiling, linking, locating and creating the hexfile.
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3.3 Modifying the Source Code

* Double-click on Blinky2.c to open it in the source code editor.

lif!';_BIinkyZ - n¥izion2 - [C:APHYB asicAmM-535AD emos\Keil\Blinky2\BLINKY 2. C] ] 3]
Elle Edit View Project Debug Penpherals Tools SWCS ‘Window Help _|E|L||
DEHE| SRR (0| 6% %% ECIEIRY T

T |§§Q|mM-535 j
x| * FLASH.C - LED Flasher for Phytecs Rapid Dewelopment Eits L =
E-524 mh-535 B
E‘E User include <regSl5.hs S* oinclude 80515 header file wy

hitc P1_0 = P1*0:

oid wait (woid) | J% wait function L
: /% only to delay for LED flashes wy

oid main (woid)

unsigned int i: J% delay var L
while (1) /% loop forewer w4 o
P1_0 = 0: /% output to LED port S
for (i=0; i<£12000; i++) § J% delay for 12000 counts L
‘I I 'I wait (): J% call wait function L

B F ] | .
£ ]

AT [P Buitd /7 Gorrand J_ Find in Files J ||L|—|_'|_I

For Help, press F1 [L1Ea MLk RAN 2

» Locate the following code section. Modify the section shown
below (the values shown in bold and italic) from the original
(12,000) countsto the indicated values:

while (1) { /* 1 oop forever */
P1 0 = 0O; /* output to LED port */
for (i=0; i<18000; i++) { /* delay for 18000 counts */
wait (); /* call wait function */

}
P1 0 = 1; /* output to LED port */
for (i=0; i<6000; i++) { /* delay for 6000 counts */
wait (); /* call wait function */

Thiswill change the LED on/off ratio.
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3.4 Saving the M odifications

» Save the modified file by choosing File|Save or by clicking the
floppy disk icon .

3.5 Setting Tool Chain Options

Keil includes a Make utility that can control compiling and linking
source files in severa programming languages. Before using the
Make utility, macroassembler, C compiler or linker you must
configure the corresponding options. Most of the options are set by
specifying the device for the project. Only the external memory and
output options must be set.

Enter the changes as indicated below and leave all other options set to
their default values. pVision2 allows you to set various options with
mouse clicks and these are all saved in your project file.

x|

El-&5 User
. o[ BLINKYZ.C
El-Z5 System Files

- [#] STARTUP.ABI

1 |+

-F.._ |§' Oe.. |

» Select the target mM-535 within the project window.
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To configurethe Target:

* Open the Project|Options for Target 'mM-535" menu and change
the default settings to the correct values for the miniMODUL-535
as shown in the figure below. This includes settings for the clock
frequency of your miniMODUL, the memory model and the
off-chip memory.

Options for Target 'mM-535° 2=l
Taget | Dutput | Listing | C51 | 451 | BL51 Locate | BLS1 Misc | Debug]|
Infireon S48 S0C535
stal [MHz); [12.0
Memany Madel | Lare: vanables in =DATA, j
Code Rom Size: | Large: 4K pragram 4
Operating system: | None j
r— Dff-chip Code memorny r— Dff-chip *data memony
Start: Size: Start: Size:
Eprom |D>:4EIIZID |chnuu Ram |Dxuuuu |ux?cuu
Eprom I I Rarm I I
Eprom I I Rarm I I
[™ Code Banking Start: End: ™ ‘far! memony type: support
Barks: |2 vI Bank Area: IDRDEIEID 0=0000 ™| Save address extension SFR it interupts
ar. I Catricel | Defaults |

e The standard miniMODUL-535 is populated with a 32 kByte
linear accessible SRAM device. This allows selection of the
Large: variablesin XDATA memory model.

The evauation version of the Keil tool chain automatically
relocates CODE to start address 0x4000t. The XDATA memory
can be configured in the range starting at 0x0000 with a maximum
size of 0x7C00. The memory range between 0xFC00 and OxFFFF
is reserved for the address decoder registers and the I/O Chip
Select signals on the miniMODUL-535. This address range may
not be used as XDATA memory.

1. Even if a lower start address is configured in the target code memory dialog, the linker will
automatically relocate the CODE sections to 0x4000 in thepK&gion2 evaluation version.
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To configurethe Output options:

» Select the Output tab and activate the Create HEX File checkbox.
With this option an Intel *.hex file will be created for download.

Options for Target 'mM-535° 2=l
Taget Output | Listing | C51 | 451 | BL51 Locate | BLS1 Misc | Debug]|

| Select Folder for Objects. . I Mame of Executable: IBIink}Q

¢ [Cigate Executable: ABlinky2
[¥ Debug Information ¥ Erowse Information [ Merge32K Hesfile
Fig HEX Fomat |HEX-80 |

' Create Library: ABlinky2. LIE

— after Make
¥ Beep'when Complete I Start Debugging
[ FunUser Program #1: I Browse... |
™ Run User Program #2: I Browsze... |

ar. Catricel Defaults
* Click on OK.
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3.6 Buildingthe Project

You are now ready to run the compiler and linker using the Make
utility.

e Click on the Build Target icon & from the pVision2 toolbar or
press <F7>.

If the program specified (Blinky2.c) contains any errors, they will be
shown in an error dialog box on the screen.

If there are no errors, the code is compiled and linked and the execu-
table code is ready to be downloaded to the module. Thisis shownin
the Output Window, which indicates "Blinky2" - 0 Errors,
0 Warnings. The created hexfile will have the name of the project
with .hex as the filename extension (in this case Blinky2.hex).

:*:II Build target 'mM-535° iI

compiling BLINEYZ.C. ..

assembling STARTUP.AS1. ..

linking. ..

Program Zize: data=9.0 zdata=0 code=59
creating hex file from "Blinkvy2"...
"Blinkyv2" - 0 Erroris). 0 Warning(s).

VAL e Buitd £ Comrnand b Findin Files £ K +
| L1ca [ INC g~

-

Note:

A machine-readable, executable hexfile has been created. Other files
(e.g. list files *.Ist and map files *.map) are generated to help the
debugging or troubleshooting and error searching process.

» If alist of errors appears, use the editor to correct the error(s) in the
source code, save the file and (re-)build the project.
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3.7 Downloading the Output File

Exit Kell pVision2.

Reset the target hardware and force it into Flash programming
mode by simultaneously pressing the Reset (S1) and Boot (S2)
buttons on the Development Board and then releasing first the
Reset and, two or three seconds later, the Boot button.

Start FlashTool s98.

At the Communication Setup tab of the FlashTools98 tabshest,
specify the proper serial port and transmission speed (9,600 Baud)
for communication between host-PC and target hardware and click
the Connect button to establish connection to the target hardware.
Returning to the FlashTools98 tabsheet, choose the Bank Utilities
tab, highlight Bank #1 within the Bank Erase section, and click on
the Erase Bank(s) button to erase this memory bank.

Wait until the status check in the lower left corner of the
FlashTools98 tabsheet finishes, returning the connection
properties description to the lower left corner of the window.

Next choose the File Download tab and click on the File Open
button.

Browse to the correct drive and path for the miniMODUL-535
Demo folder (default location
C:\PHYBasic\mM-535\Demos\Keil\Blinky2\Blinky2.hex

and click Open.

Click on the Download button and view the download procedure
in the status window.

Returning to the Communication tab, click on the Disconnect
button and exit FlashTool s98.

Press the Reset button (S1) on the Development Board.

If the modified hexfile properly executes, the LED should now flash
in adifferent mode with different on and off ratio.

Y ou have now modified source code, recompiled the code, created a
modified downloadable hexfile, and successfully executed this
modified code.
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3.8 "Hdlo2"

A return to the "Hello" program allows a review of how to modify
source code, create and build a new project, and download the
resulting output file from the host-PC to the target hardware. For
detailed commentary on each step, described below in concise form,
refer back to the "Blinky2" example starting at section 3.1.

3.8.1 CreatingaNew Project

o Start the Keil pVision2 environment and close all projects that
might be open.

» Open the Project menu and create a new project called Hello2.uv2
within the existing project folder
C:\PHYBasic\mM-535\Demos\Keil\Hello2 (default location) on
your hard-drive. Select the Infineon SAB 80C535 in the CPU
vendor data base list.

e Add Hello2.c, Serinit.lib and Startup.a51 from within the project
folder to the project Hello2.uv2.

* Your project window should now look like this:

=l =|

Llzer

N HELLOZLC
P SERINIT LIE
Ela Swstem Files

| = Files |.§' & |

» Savethe project.

At this point you have created a project called Hello2.uv2 consisting
of a C source file called Hello2.c, a library called Serinit.lib and an
assembler file called Startup.a51.
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3.8.2 Modifying the Example Source

* Double-click the file Hello2.c from within the project window.
» Usethe editor to modify the printf command:

printf ("\x1AHello World\n")

to

printf ("\x1APHYTEC... Stick It In!'\n")
» Savethe modified file under the same name Hello2.c.

3.8.3 Setting Tool Chain Options

* Open the Project|Options for Target... menu and change the de-
fault settings to the correct values as shown in section 3.5. Thisin-
cludes settings for the clock frequency of your miniMODUL, the
memory model (make sure "Large: variables in XDATA" is
configured) and the off-chip memory.

» Modify the default options for the output file by selecting the
Create HEX File checkbox in the Project|Options for
Target....|Output tab. This will automatically create a hexfile for
download to the miniMODUL-535 after compiling.

3.8.4 Buildingthe New Project

» Build the project.

» |f any source file in the project contains errors, they will be shown
in an error dialog box on the screen. Use the editor to correct the
error(s) in the source code, save the file and (re-)build the project.

If there are no errors, the code is assembled and linked and the
executable code is ready to be downloaded to the board.
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3.8.5 Downloading the Output File

* ExitKel pVision2.

* Reset the target hardware and force it into Flash programming
mode by simultaneously pressing the Reset (S1) and Boot (S2)
buttons on the Development Board and then releasing first the
Reset and, two or three seconds later, the Boot button.

o Start FlashTools98.

* At the Communication Setup tab of the FlashTools98 tabsheset,
specify the proper serial port and transmission speed (9,600 baud)
for communication between host-PC and target hardware and click
the Connect button to establish connection to the target hardware.

» Returning to the FlashTools98 tabsheet, choose the Bank Utilities
tab, highlight Bank #1 within the Bank Erase section, and click on
the Erase Bank(s) button to erase this memory bank.

 Wait until the status check in the lower left corner of the
FlashTools98 tabsheet finishes, returning the connection
properties description to the lower left corner of the window.

* Next choose the File Download tab and click on the File Open
button.

» Browseto the correct drive and path for the miniMODUL-535
demo folder (default location
C:\PHYBasic\mM-535\Demos\Keil\Hello2\Hello2.hex
directory (default location).

» Click on the Download button and view the download procedure
in the status window.

* Returning to the Communication tabsheet, click on the Disconnect
button and exit FlashTool s98.
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3.8.6 Startingthe Terminal Emulation Program

Start HyperTerminal and open a session using the following COM
parameters. Bits per second = 9600; Data bits = 8; Parity = None;
Stop Bits= 1; Flow Control = None

Resetting the Development Board (at S1) will execute the
Hello2.hex file loaded into the Flash.

Press the <Space> bar on the keyboard to proceed the automatic
baud rate detection

Successful execution will send the character string "PHYTEC...
Stick It In!" from the target hardware to the HyperTerminal
window

Y ou have now modified source code, recompiled the code, created a
modified download hex-file, and successfully executed this modified
code.
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4 Debugging

This Debugging section provides a basic introduction to the debug
functions included in the Keil software evaluation development tool
chain. Using an existing example, the more important features are
described. For a more detailed description of the debugging features,
please refer to the appropriate manuals provided by Keil.

The pVision2 Debugger offers two operating modes that can be se-
lected in theProject|Options for Target mM-535 dialog:

The Simulator allows PC-based microcontroller simulation of
most features of the 8051 microcontroller family without actually
having target hardware. You can test and debug your embedded
application before the hardware is ready. puVision2 simulates a
wide variety of peripherals, including the serial port, external 1/0O,
and timers. The peripheral set is selected when you select a CPU
from the device database for your target.

Advance GDI drivers, like th&ell Monitor 51 interface, allow
target-based debugging. With the Advanced GDI interface you
may connect directly to the target hardware. Debugging on the
target hardware also enables testing peripheral components.

The following examples utilize the Keil Monitor 51 interface.

Note:

Use of the monitor program requires protection (reservation) of some
controller resources, such as the serial interface, the serial interrupt
and timer 1. These resources are necessary to allow communication
between the monitor program on the target hardware and the
uVision2 Debuggerréfer to the Kell Getting Sarted Manual for
further information). Do not use these resources when developing an
application program to be debugged using the Keil Monitor 51 inter-
face.

Before using the Keil Monitor 51 interface, a specidhex file
(the monitor firmware) must be downloaded to the target hardware.
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4.1 Preparingthe Target Hardwareto Communicate with
uVision2 Target Monitor

* Ensure that the target hardware is properly connected to the
host-PC and a power supply.

* Reset the target hardware and force it into Flash programming
mode by simultaneously pressing the Reset (S1) and Boot (S2)
buttons on the Development Board and then releasing first the
Reset and, two or three seconds later, the Boot button.

o Start FlashTools98 for Windows.

* At the Serial Interface tab of the FlashTools98 tabsheet, specify
the proper serial port and transmission speed for communication
between host-PC and target hardware and click the Connect button
to establish connection to the target hardware.

* Returning to the FlashTools98 tabsheet, choose the Bank Utilities
tab, highlight Banks #1 and click on the Erase Bank(s) button.

* Next choose the File Download tab and click on the File Open
button.

e Download the file mon5lhex from the Tools folder
C:\PHYBasic\mM-535\T ool s\Kei \M on\32k
(default location).

The PHYTEC Spectrum CD-ROM may also contain other
versions of the mon5l1.hex monitor file. These versions are
made for different oscillator frequencies and memory options of
the miniMODUL-535. The files are avalable in
C:\PHYBasic\mM-535\Tools\Keil\Mon within various
subdirectories. Please refer to readme files within the directories
for details.

» Click on the Download button and view the download procedure
in the status window.

If download is successful, the monitor kernel has been programmed

into the external Flash memory. The target hardware is now prepared

to communicate with the Keil pVision2 debugging tools installed on
the host-PC.
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Disconnect from the target hardware after the download has
finished either by clicking the Disconnect button on the
Communication Setup  tabsheet or choosing the
Connect|Disconnect icon from the FlashTool s98 tool bar.

Exit FlashTool s98.

4.2  Creating a Debug Project and Preparing the Debugger

4.2.1 CreatingaNew Project

Start the Keil pVision2 environment and close all projects that
might be open.

Open the Project menu and create a new project called Debug.uv2
within the existing project directory
C:\PHYBasic\mM-535\Demos\Kei[\Debug

(default location) on your hard drive. Select the Infineon SAB
80C535 in the CPU vendor data base list.

Rename the target of your project within the Project Window —
Files tab into mMV-535.

Rename the file group Source Group 1 within the Project
Window — Files tab into User and add an additional file group
named System Files.

Add Debug.c and Serinitlib to the file group User and
Startup.a51 to the file group System Files from within the project
folder.

Y our project should now look like this:

-Files |§ OE.. I

Save the project.
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At this point you have created a project called Debug.uv2, consisting
of a C source file called Debug.c, the Serinit.lib library file and the
assembler file Startup.a5l. The Serinit.lib library file contains
functions for the serial communication between the target hardware
and the host-PC as well as the automatic baudrate detection feature.

4.2.2 Setting Optionsfor Target

When setting the memory configuration, the memory layout necessary
for the monitor must be taken into consideration.

The standard 8051 controller uses a Harvard memory architecture. In
this architecture, access to CODE and XDATA memory space goes to
physically different memory devices. Normally, for access to CODE
space, a non-volatile memory is utilized, i.e. ROM or Flash. For
access to XDATA space, a RAM is used. Using this memory model
with an 8051 derivative allows access to up to 64 kByte of memory
for CODE and 64 kByte for XDATA.

When debugging with the Kell monitor, it is important that the user
program (CODE) can be changed during runtime (e.g. to enable
setting of breakpoints). This requires the user program to be stored in
RAM and not in Flash. In order to ensure that the user program is
running in RAM, the monitor automatically configures a von
Neumann memory architecture in the address range 0000H-7FFFH
after reset. Here, in contrast to the Harvard architecture, access to
CODE and XDATA space is directed towards the same physical
memory device, normaly RAM. With this von Neumann memory
architecture, it is now possible to change the application program
during runtime.
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The following figure (see Figure 5) depicts the memory layout that is
configured by the Keil monitor for 32 kByte RAM.

CODE access XDATA access

B I/O Area (for details FFFFH
Flash U3 see Hardware Manual)lj FCOOH
Harvard — Monitor firmware RAM for additional
(mon51.hex) application XDATA
CODE portions i
p portions 8000H
B von Neumann XDATA portion of 7FFFH
target Monitor firmware (mon51.hex) 7EOOH
RAM U4
von Neumann -— RAM for application CODE and
XDATA portions
OOO0OH
Read-Only
Write-Only
Read-Write

Figure5:  Memory Model for Use with the Keil Monitor (32 kByte RAM)

Note:

When using the von Neumann memory architecture, ensure that the
CODE and XDATA areas within the application program do not
overlap. This is important because otherwise portions of the program
(CODE) will be overwritten by e.g. variables (XDATA), resulting in
an error when executing user code.
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* Open the Project|Options for Target ‘mM-535" menu and change
the default settings to the correct values as shown in the figure
below. This includes settings for the clock frequency of your
miniMODUL-535, the memory model (make sure "Large:
variablesin XDATA" is configured) and the off-chip memoryz.

Options for Target ‘mM-535° 2=l
Taget | Dutput | Listing| C51 | 451 | BLS1 Locate | BLST Misc | Debug |
Infineon SAE BOCH35

#tal [MHz): [12.0
Memom Model. |Large: vanables in xDATA |
Code Bom Size: |Large: 64K program [
Operating system: |Maone j
r— Dff-chip Code memary — Off-chip *data memary
Start: Sizer Start: Size:
Eprorn |nx4unu IDHSFDD Ram |nxn1 oo IEIH3FD|:1
Eprom I I Ram I I
Eprom I I Fiam I I

[~ Code Banking Start: End: = Far! memon e support
Barks: |2 vl Bank Area: IDHDEIIJD 0=0000 ™| Save addiess extension SFR it interupts

ak. I Cancel | Defaults |

The memory ranges for off-chip CODE and off-chip XDATA
memory are configured to fit within the von Neumann memory space
as configured by the Kell mon51.hex monitor file (refer to
Figure 5). In addition, the restrictions for the off-chip CODE memory
start address in the evaluation version of the Keil tool chain must be
considered. The start address of the XDATA memory should be at
0x100 in order to avoid conflicts with the interrupt/reset vector table
which is located between 0x0 and OxFF.

1 Ensure that the CODE and XDATA memory do not overlap.
Note: When using the evaluation version of the Keil tool chain, the start address of the CODE
memory must be at 0x4000 or higher. When using the full version of the Keil tool chain, the
start address of the CODE memory should be at 0x100. This avoids conflicts with the inter-
rupt/reset vector table which is located between 0x0 and OxFF. The XDATA memory can
then be located in a higher address range. Again, ensure that the CODE and XDATA memory
do not overlap.
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» Select the Output tabsheet and enable the Browse Information
checkbox. This will include additional browser information into
the object files that can be viewed with the Source Browser

included in Keil pVision2.
2| x|

Taget Output | Listing | C51 | 451 | BL51 Locate | BLS1 Misc | Debug]|

| Select Folder for Objects. . I Mame of Executable: IDebug

{* [Cigate Executable: ADebug

[¥ Debug Information ¥ Erowse Information [ Merge32K Hesfile

I™ Create HEX File  HEX Format: |HEX-80 |

' Create Library: ADebug.LIB

— after Make
¥ Beep'when Complete I Start Debugging
[ FunUser Program #1: I Browse... |
™ Run User Program #2: I Browsze... |

ar. | Catricel | Defaults |

The compilation of the Debug.c program can be controlled with the
two define statements MONITORS51 and INTERRUPT. Setting the
define MONITORDS51 reserves space for the serial interrupt and dis-
ables the configuration of the serial interface by the Debug.c program.
This is necessary to avoid overwriting the configuration done by the
monitor kernel. The define INTERRUPT disables all serial output of
the Debug.c program. If debugging is controlled with the seria inter-
rupt, (see settings for the Keil Monitor 51 Driver in section 4.3) any
serial input and output of the user application conflicts with the com-
munication of the monitor program. Such serial communication
functions cannot be active in user code to ensure proper debugging.
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» Select the C51 tabsheet and add MONITORSL in the Define:
input field:. Adjust the settings for Code Optimization to the
settings shown in the figure bel ow.

Options for Target 'mM-535* 7l

Taget | Ouput | Listing C51 | 451 | BL51 Locate | BLS1 Misc | Debug]|

— Preprocessor Symboals

Diefine: IMDNITDH51

Undefine: I

— Code Optimization

Wwarnings: IWamingIevel 2 j
Level: I 8: Reuse Common Entry Code j .
Bits to round for float compare: |3 'l

Emphasis: |{E0EEE

Global Register Colori
W [l el gz Ce g v Interupt vectors at address: IU:-:IJDDD

™| Linker Code Packing (mas, AJMP A ATALL I Keep variables in order

Dom't uze abzolute register accesses . .
r g [¥ Enable AMSI integer promation rules

Include I J
Pathsz

Misc I
Controls
EompiIErI LARGE OPTIMIZE (SIZE] EROWSE DEFIMNE [MOMITORST)DEBUG OBJECTE=TEMND ;l
cankral
string LI

ar. I Catricel | Defaults |

» Ensure that the configurations on the Listing, A51, BL51 Locate
and BL51 Misc tabsheets are set to their default settings.

» Click the OK button to save the settings.

* Click on the Rebuild all target files &
and link your project.

button to compile

1. Please note that this example only requiresiéfise M ONITORS51 in order to use the serial
output.
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4.3 Preparing the Debugger

According to the Project|Options for Target 'mM-535" configuration,
nVision2 will load the application program and run the startup code.

* Open theProject|Options for Target 'mM-535 menu and select
the Debug tabsheet.

* Enable the checkboxddse: Keil Monitor-51 Driver and Load
Application at Sartup. Disable the checkbadXo till main().

Options for Target 'mM-535"

Taget | Output | Listing | C51 | 451 | BLST Locate | BLS1 Misc Debua |

" sz Simulator

21|

(+ Use: |Keil Moritor-51 Driver

j Settings |

V¥ Load Application at Startup

Initialization File:

¥ G till main()

V¥ Load &pplication at Startups

Imitialization File:

[~ Ga till main)

Restore Debug Seszion Settings Restore Debug Sezsion Settings

v EBreakpoints ¥ Toolbox [ Breakpoints [~ Toolbox

v “watchpoints & P4 [ “Watchpoints

V¥ Memary Display ™ Memory Display
CPU DLL: Parameter: Dirivver DLL: Paramneter:
|88E|51.DLL | |88E|51.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter.
IDEDD.DLL |-p515 ITEDD.DLL |-p515

ar. I Catricel | Defaults |
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» Click on the Settings button in the upper right-hand corner of the
Debug tabshest.

» Select the correct COM port and baud rate in the COM Port
Settings as shown below.

» Ensurethat Serial Interrupt checkbox is disabled.

Target Setup |

— Cache Options

— Comm Port Settings

Port: |E0m1 vl ¥ Cache DATA [SFR)
Baudrate: |95|3c| v| ¥ Cache DATA

¥ Cache 2DATA

— Stop Program E xecution with—

[~ Serial Interupt ¥ Cache CODE

Cancel |

» Click on the OK button to exit the Target Setup window.

Options for Target 'mM-535° 2=l
Taget | Output | Listing | C51 | 451 | BLST Locate | BLS1 Misc Debua |
£ Use Simulator & Use: [Keil Monitor51 Diiver ~| Setiings |
V¥ Load Application at Startup ¥ Go till main() v Load &pplication at Startup ™ Gao till main()
Initialization File: Imitialization File:
| J Ed.. | | J Ed... |
Restore Debug Seszion Setiinggs——————————————————— Restore Debug Sezsion Settings
v EBreakpoints ¥ Toolbox [ Breakpoints [~ Toolbox
v “watchpoints & P4 [ “Watchpoints
V¥ Memary Display ™ Memory Display
CPU DLL: Parameter: Dirivver DLL: Paramneter:
|88E|51.DLL | |88E|51.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter.
IDEDD.DLL |-p515 ITEDD.DLL |-p515
ar. I Catricel | Defaults |

» Click on the OK button again.
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4.4 Starting the Debugger

» Before starting the Debugger on the host-PC, press the Reset
button (S1) on the Development Board to start the previously
downloaded monitor kernel.

* To start the pVision2 debug environment, click on the debugger
icon '@ on thepVision2 toolbar. A pop-up window will appear
indicating that this is an evaluation version. ClickQ@i.

x

EvalUATION WERSION
Running in Eval Mode [2K]

* You will see a blue status bar from left to right at the bottom of
your screen indicating the download process of the debug
program.

If a problem occurs during data transfer, the following window wiill
appear:

COMMECTION TO TARGET S%STEM LOST!

Pleaze rezet pour target spstem and zelect Ty
Apgain' to resyncronize.

Settings ... | Opens a dialog where vou can zelect the monitar
configuration, zenal interface parameters and

More. ..

Stop Debugging | Stop debugaing zezsion

e Click on &ettings and verify the COM port and the baud rate
(9,600 baud). Push the Reset button S1 on the Development
Board and click offry Again.
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If the data transfer was successful, a screen similar to the one shown
below will appear. The Project window changed to the Register page.
The debug toolbar is aso displayed. The Serial window is located
below the Project window. It shows all serial output of the debug
program. In the lower part of the debug screen you will see the
Command, Memory and Watch/Stack window.

You may need to open, resize and/or move some windows to make
your screen look similar to the screen capture below. You can open
inactive windows by choosing the desired window from the View
pull-down menu. The following screen captures have Workbook Mode
enabled to allow easy access to various overlapped windows with
tabs.

i1 Debug - p¥ision2 - [C:APHYBasicimM-535%D emosiKeil\D ebugiDebug. c] i =] ]
[El Fie Edit View Proiect Debug Pegipherals Tools SVCS Window Help ;Iilzl|
IR ] EEIE R
& [ ¥ & | K mM535 j|
x|
Fregish IV I I #ifndef MONITORSL /* the serial interface must not be */ j
caister alue J% configured in monitor mode */
= Regs SerIniti(): /% call automatic baudrate detection®/
ol O=5f fendif
ol 040
2 058
-l O«1b #ifndef INTERRUPT /% if the serial interrupt is used to¥/
g x6a /% stop a programm during debugging  */
o [ 0=80 /% serial in-/output iz not possible %/
- =] printf{"PHYTEC Debug Demotnin "):
e (7 f #endif
Bl Gys
e g W00 pLino
— 0+00 ink=U:
e ap 07 wl{ule 1) /™ & cpu never sleeps ;-] A
o dptr 00000 led(l); /% turn LED on */
- PC§ C:0x0000
B paw 000 #ifndef INTERRUPT /% if the serial interrupt is used to®/
/% stop a programm during debugging ¥/ -
Files @ ':QB | ‘ Debug I@ Dizazzembly |é Serial #1 |
%' Running in Eval Mode ({ZK)=| ﬂ Name |V| f‘ Address:| H
Connected to Monitor-51 % T A
Load "C:»WPHYBasic™smM-5: C:0x0000: 02 44 03 A2 FB 05
C:0xz0006: FC BA EF Bz E7 a0
C:0x000C: F4 6E AB ABE pA DD
C:0xz0012: AC DD 12 B7 61 EB
5 C:0xz0018: 77 F1 64 Fe B7 55
- C:0z001E: Es 77 EB 89 FD 7B
AZM ASSIGN BreakDisable [+ C:0x0024; 42 7C FE 7C E4 2F -
[T I Buitd <| | LI [ALATw T Locals £ Watch #1 A Watch #2 [ATAT e [T Memory #1 £ hemary #2 F_Memory #3
Ready [ [ MM Riw 2
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» Before starting the program, point the mouse at the constant
named "rhythm[]". A small window appears and displays the
address where rhythm is stored and its current value is shown. The
constant is not yet initialized and the value is therefore random.

l‘f!_':_Debug - p¥ision2 - [C:APHYBasicimM-5355D emos\Keil\DebughiDebug.c] o =] ]
Eile Edit “iew Project Debug Perpherals Tools SWCS ‘window Help =121 il|
BEEHF| LR 2| EE %%k S i B2 BE D e m
& 5 7 |;}ﬁ|mM-535 j |
x|
Al I\u"a\ue | A% do NOT USE these wariables! They are for reservation purpose only ) j
E‘ Reags #ifdef MONITORSL /% Debugging with Monitor-51 needs  #/
[ ] 0:6f char code reserwve [3] _at_ Ox23; s* space for serial interrupt if 7
: i (x40 #endif /% Stop Exection with Serial Inte. 77
o 0458 F% iz enabled 7
[ ] OxTb
OxEa A% wariables used by Debug exanple 7
020 unzigned int xdata rhythm[ ]={60000,40000,20000,10000,8000,40001
81 unsigned char blink; [thythm (200000 23] = { [O]=058D51 [1]=0xF CB3 [Z1=05C1 11 [AE035E D [4]=0sEE 75 [5|=0-F 77 & J]
s shit F1_0 = P140;
%00 ) )
000 SEREERERR TR RERR TS Function Wait ;
— 07 K{.‘Dld wait [unsigned int delay)
dptr 00000 unsigned int i;
o PC§ C:0x0000
- paw 00 for (i=0; i<delay; i++) { /% wait for delay counts ) -
‘ O o L R
) Files i |m5 | - Debug I@ Disassemblylé Serial #1 |
i|| Running in Eval Mode (2K) af ﬂ Name [val. | j‘ Address: | H
Connected to Monitor-51 V3 o

:0z0000: 02 44 03 A2 FB 05 FC
:0x0007: BA EF B2z E7 AD F4 BE
:0x000E: AB AB 64 DD AC DD 12

Load "C:~~PHYBasic™~mM-535 C
i
c
C:0z0015: B7 61 EB 77 F1 64 Fg
c
c
c

5 :0x001C: B7 55 Ea 77 EB 89 FD

: :0x0023: 7B 42 7C FE 7C E4 2F
ASM ASEIGN BreakDisable - :0x0024: E5 (5 E6 FS C9 FS 97 =
KT I I3 0 Rt K i [T Ml Locals ¢ AT ®TwL]', Memory #1 £ Wemory #2 }, Wemory #5 }, be
Ready | | [ [MUM RMW 4

* In the Command window prompt in the lower left corner, type in
g,main (notice the commal!) and press <Enter> to start the program.

The debugger will run to the 'main’ function and stop automatically.
Notice the yellow arrow pointing to the first command in the 'main’
function. Also notice the program counter (PC $) within the Project
Window — Register page showing the start address of the 'main’
function.
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45 Keil pVision2 Debug Features

 The Debugger window toolbar gives access to the following
debug commands: Reset, Run, Stop, Step Into, Sep Over, Step Out
and Run to Cursor line.

Reset

Run

‘ I_ Stop
[ERIEN < Re Rty
Step Into J \

Step Over

Step Out
Runto Cursor line

* The first button on the debugger toolbar is the Reset &
button.

The Reset command sets the program counter to 0. However, it
should be noted that peripherals and SFRs of 8051 devices are not
set into reset state. Therefore this command is not identical to a
hardware reset of the CPU.

» The button to the right of the Reset button starts the Run
command.

Clicking this button runs the program without active debug
functions. To stop program execution at a desired point, a break-
point can be placed before the Run button is pushed.

* The next button on the debugger toolbar isthe Slop @ button.

The Stop button interrupts and stops the running program at an un-
determined location.

64 © PHYTEC MeRtechnik GmbH 2002  L-386e_3



Debugging

» Thefirst button allowing exact control of the program execution is
the Step Into & button.

The Step Into command performs the execution of the command
line to which the Current-Satement Arrow -»- points. This can
be a C command line or a single assembler line, depending on the
current display mode. If the command line is a function call, Step
Into jumps to the C function or subroutine, enabling you to explore
the code contained in the accessed subroutine.

e The Sep Over & button is next on the debugger toolbar.

The Sep Over command executes the command line, to which the
Current-Satement Arrow -»- points. This can be a C command
line or a single assembler line, depending on the current display
mode. If the command line is a function call, the function will be
executed without single stepping into the function.

Note:

We recommend not using the Step Over function with the monitor.
During compiling of the C code, the compiler runs through the
optimization steps. This optimization summarizes calls of nested
functions and their return jump to the original function in the
compiled machine code. This can effect a Siep Over command by
nesting multiple calls for sequential functions. For users with
assembler knowledge, the View->Disassembly window is
recommended. Here the C source code contrasts with the machine
code and the optimization steps are obvious.

« The next button is the Sep Out & button.

Step Out isused to exit afunction you are currently in. Step Out is
very useful if you find yourself in afunction you are not interested
in and need to return quickly to your intended function.

Note:
Due to performance reasons the Sep Out command is not avail-
able in monitor mode. Step Out is only available in the simulator
mode.
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« The last button © onthe debugger toolbar performs the Run to
Cursor line command.

The Run to Cursor line command executes the program to the
current cursor position within the code window. This allows use of
the cursor line as atemporary breakpoint.

4.6  Using the Keil pVision2 Debug Features

46.1 Serial Window

« Click on the Sep Into ® button. The printf command will
be executed and the serial output will appear in the Serial #1
window of the debugger.

PHYTEC Debug Demo =]

" o

Debug |@ Disassembl}lé Sernial #1
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4.6.2 Breakpoints

Click in the line where the 'wait’ function is called for the first
time.

Click on Insert/Remove Breakpoint @ to set a breakpoint here.
The red marker on the left-hand side of the selected line indicates
the breakpoint.

S blink=0; ZI
while (1) /% a cpu never sleeps ;-] w
{
led(l): A% turn LED on */
#ifndef INTERRUPT f% 1if the serial interrupt iz used to¥/

#endif -
IETN ;I_I

. Debug @Disassembl}llé Serial #1 |

A% stop a programm during debugging  #/
A% serial in-Joutput is not possible &7
printE("\x LED: ON ™i:
#endif

[ | wait{rhythm[blink]);

led(0); 4% turn LED off*/f
#ifndef INTERRUFT J* 1f the serial interrupt is used to¥*/
S stop a programm during debugging  FF
/% gerial in-/output is not possible */

printf("\x LED: OFF™):

Click on the Run icon and the program will run and stop at
the breakpoint.

Notice that the LED (D3) on the Development Board now
illuminates. This is because the led(1) function call has been
executed and the status of the LED is shown in the Serial
window.

Click again on Insert/Remove Breakpoint @ to remove the
breakpoint.
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4.6.3 Single Stepping and Watch Window

 Click on the Step Into ® iconto enter the 'wait’ function.

 The Watch window automatically shows the value of the two
local variables; delay and i. In order to change the number base
from hexadecimal to decimal, right-click on the variable you want
to change.

[ AL e ] Locals A Wstch #1 4 Watch #2 A Call Stack

* Click Step Into several times and watch the value of i count up.

* Asyou can see in the source code, the for{} loop will end if i
becomes equal to delay. To leave the wait function, change the
value of i by typing i=59996 in the command line and pressing
<Enter>. Now repeat clicking on Step Into until you leave the
wait

S

Running in Eval Maode (Z2E) -
Connected to Monitor-51 V3.0
Load "C:~~PHYBasic™~mM-535""Ik
g ,main

»1=599968

{C-stvle expressionr ITI
4] ] |

Feady

function.

* Click in the source code line blink++ and choose Run to Cursor
line from the debug toolbar. Y our program will be executed until
it reachesthisline.

* Noticethat the LED D3 on the Development Board is off now and
the new status of the LED is shown in the Serial window.
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» Asalast example, the constant "rhythm[]" will be evaluated. Go
to the source code line where the constant "rhythm([]" is declared.
Right-click on "rhythm[]" and choose the "ADD rhythm to
watch window" -> #1 option. Select the "Watch #1" tabsheet at
the bottom of the watch window. The constant is shown with its
address and a small [+]sign in front which indicates that
"rhythm[]" is an array with a group of array elements. Click the

[+] Sign to expand the view and to see all array elements of
"rhythm([]".

I»

[ HO.000129] . ]
OxEAGD
0x3C40
0x4E20
0x2710
0x1F40

e Ox0F &0 -
|| AT AT e Cocals , watch #1 £ Watch #2_}, Call Stack

Using the memory address of rhythm, which is shown in the watch
window, it is also possible to view the values of the array elementsin
the Memory window.

* Type X: 0x0129 in the Address: line of the Memory window and
press <Enter>.

A memory area starting at address 0x0129 of the external memory is
now displayed in the Memory window.

[»

fll Address: [, 00123

:0=000129: EA 60 HC 40 4E 20
:0=00012F: 27 10 1F 40 0OF A0
:0=000135: 90 F3 00 EO0 FC A3
:0z00013B: EO F5 82 8C 83 EE
:0=000141: FO &3 EF FO %0 F3
:0=00014%: 01 E0 24 02 FO 90

l OO0 AT . T2 o0 o 24 Oon oo
| |4 num Memnr}rﬁﬂMemory#Q}\hﬂemury#Sﬂ\Me

T T T

-

 The passing of the array element to the wait function can be
viewed whenever you step into the wait function. After stepping
into the wait function you will find one of the elements in
registers R6 and R7.

© PHYTEC MeRtechnik GmbH 2002  L-386e_3 69



miniMODUL-535 QuickSart Instructions

4.7 Running, Stopping and Resetting

« To run your program without stopping at any time, delete all
breakpoints by clickingonthe # button.

e Click the Run button.

The LED now blinks and its current status is displayed in the Serial
window.

Use of the Stop @ button is not possible as this example utilizes
functions for the RS-232 communication within the application code.
To stop program execution, leave the debugger and press the Reset
button on the Development Board.

If you want to use the Stop @ button, the seria output of the
debug program must be disabled. To do so, add INTERRUPT in the
Define: input field within the C51 tabsheet before rebuilding the
project and enable the Serial Interrupt in the Target Setup window
for the debugger.

70 © PHYTEC MeRtechnik GmbH 2002  L-386e_3



Debugging

4.8 Changing Target Settingsfor the" Final Version”

After successfully debugging the program, next change the target
settings in order to create an Intel hexfile. This can then be down-
loaded to the Flash memory of the miniMODUL-535.

* Open the Project|Options for Target 'mM-535" menu and change
the settings for off-chip memory to the new values as shown in the
figure below. Since this program code is intended for execution
out of Flash rather than running in the Keil mon51.hex monitor,
the complete range of available memory can be used.

Options for Target "‘mM-535* el

Target | Dutput | Listing | C51 | 461 | BLS1 Locate | BLST Misc | Debug|

Infinean S4B BOCE35
wtal [MHz] [12.0
Mermary Madel: | Large: warables in=DATA j
Code Rom Size: |Large: B4K. program j
Operating system: | None j
r— Off-chip Code memary r— Off-chip *data memony
Start; Size: Start; Size:
Eprom IUH‘UJUD |cm|:ncuj Riam |uxnunu |n>m:uc|
Epram I I Ram I I
Epram I I Rarm I I
[~ Code Banking Start: End: = e memony type support
Banks: |2 vl Bank Area: IIJ;':EIIJEID 0xFFFF [T Save addiess extension SER in intemupts

ok I Cancel | Defaults
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» Select the Output tabsheet and enable the checkbox Create HEX
File.

Options for Target "‘mM-535* el

Target Output | Listing| C51 | 461 | BLS1 Locate | BLST Misc | Debug]|

| Select Folder for Objects. .. I Marme of Executable: IDEbUQ

{* Create Executable; SDebug
¥ Diebug Information ¥ Browse Information [ Merge32K Hexfile

& HEX Fomat: [HE-50 =l

" Create Library: .\Debug.LIB

—Aifter Make
v Eeep'when Complete [ Start Debugging
[~ Run User Program $#1; I Browse... |
[ Run User Program #2: I Browse... |

ok Cancel Defaults
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* Go to the C51 tabsheet and erase al defines from the Define: input
field and adjust the optimization to your needs.

Options for Target "‘mM-535* el

Target | Output| Listing C51 | 481 | BLS1 Locate | BLST Misc| Debug]|

— Preprocesszor Spmbals

Define: I
Undefine: I
— Code Optimization
W arnings: IW’amingIeveI 2 j
Lewel: I 8: Reuse Comman Entry Code j ;
Bitz to round for float conmpare: |3 'I

Emphaziz; [

Global Register Colori
B Elelel Fegist Lol g ¥ Intenupt vectors at address: IUKDDDD

[T Linker Code Packing (mas &b SEall) I~ Keep variables in order

Don't use absolute register acceszes . )
r g [¥ Enable &MS| integer promotion miles

Inciude I J
Paths
Misc I

Cantrols

Compiler |LARGE OPTIMIZE [SIZE] BROWSE DEBUG OBJECTEXTEMD d

cantral
string

ok I Cancel | Defaults |

» Click on the OK button to save the settings.

» Click on the Rebuild all target filesicon & to compile and link
your project.

e Download the created Debug.hex file (located in
C:\PHYBasic\mM-535\Demos\Keil\Debug) to the Flash memory.
For general download procedure information refer to sections 2.2
through 2.4.1.

* Press the Reset button S1 on the Development Board to start the
program.

» The application is now waiting for receipt of a known character
over the seria interface. Start the HyperTerminal program and
push the <Space> bar as described in section 2.4.2. This starts the
automatic baud rate detection. Now you can watch your final
debug example execute.
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5 Advanced User Information

This section provides advanced information for successful operation
of the miniMODUL-535 in conjunction with the Keil tool chain.

5.1 FlashTools98

Flash is a highly functional means of storing nonvolatile-data. One of
its advantages among many others is the possibility of on-board
programming. Programming tools for the Flash device are always in-
cluded with the miniMODUL-535 in the form of a pre-programmed
Flash with a resident microcontroller firmware and a counterpart
software serving as the user interface on a host-PC. Once the firm-
ware communicates with the PC-based software, FlashTools98 allows
the download of user code from the host-PC into the Flash.
Additionally, the re-programmable Flash device on the
miniMODUL-535 allows you to easily update your own code and the
target application in which the miniMODUL-535 has been
implemented.

Currently the miniMODUL-535 can be populated with two different
sized Flash devices. a 29F010 with 128 kByte or a 29F040 with
512 kByte. To support the entire memory area of these devices the
address decoder of the miniMODUL-535 is equipped with an inte-
grated banking mechanism that allows code-bank switching in
code-banks of 64 kByte each.

Please note that the FlashTools98 kernel always occupies the first
64 kByte bank (bank O, FA[18..15] = 0000b) of the Flash memory.
This bank is pre-programmed upon delivery of the miniMODUL-535.
The remaining banks are available to house your application. This
makes one user application bank available if the miniMODUL-535 is
mounted with a 29F010 and seven user application banks if the
miniMODUL-535 is mounted with a 29F040 Flash memory device.
Multiple user application banks can easily be managed by using the
Code Banking mechanism of the Kell tool chain.
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The following description is valid only for the FlashTools98 included
with the miniMODUL-535 and is not intended as a guideline for
using any other program.

FlashTools98 incorporates a safety mechanism that ensures that the
system bank (bank 0), in which the firmware is resident, can not be
overwritten during programming of the available user banks of the
Flash device.

Resetting the miniMODUL-535 also activates the system bank
(bank 0) of the Flash device, which automatically starts the
FlashTools98 firmware. Then the firmware either enters the Flash
programming mode or starts your user application.

To distinguish between download and execution modes, the firmware
checks for the presence of a pull-up resistor (usualy 4.7 kOhm)
connected to pin DO (Data 0) of the miniMODUL-535 immediately
after reset. Thisresistor is located on the Development Board and can
be connected to the miniMODUL-535 by pressing the Boot (S2)
button. To enter the Flash programming mode you must
simultaneously press the Reset (S1) and the Boot (S2) button, release
the Reset (S1) button first and then, two or three seconds | ater, release
the Boot (S2) button.

Execution of your user application will always start in the second
64 kByte bank (bank 1, FA[18..15] = 0010b). This is to be noted
when preparing a software copy of the contents of the address de-
coder’s internal write-only registers.

The extended features of the address decoder on the
miniMODUL-535 allows flexibility when configuring the memory
model according to your needs and addressing additional Flash banks.

Do not use Flash bank 0 in your application program in order to
preserve the FlashTools98 microcontroller firmware and the
associated Flash re-programming capability.
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5.2 STARTUP.A51

The code within the assembly file Startup.abl initializes the target
hardware for your C project. This includes setting of the system stack,
initialization of variables and clearing of memory areas.

The Startup.a5l routines always start at code memory address
0x0000. Thisiswhere the reset vector with the jump instruction to the
actual Startup.a5l initialization functions is located. Following a
hardware or software reset, the microcontroller starts execution at
address 0x0000 and then jumps to the start-up routines location con-
figured by the reset vector. After performing the initialization steps,
your individual main() function is called by the startup code.

To configure the start-up code to fit the needs of your application,
copy it from the Lib folder of the Kell tool chain to your project
folder. You can then edit, modify and compile it using the Kaeil
macroassembler.

Y ou must explicitly instruct the linker to take into account your start-
up object file. If not, the start-up code in the default runtime libraries
will be used. To do this, we recommend adding your modified
Startup.a51 file to your project. Ensure that this file is always in-
cluded in the Link/Lib process of your project (see options within the
Project window of the Keil tool chain).

We recommend that you add Startup.a51 or Startup.obj (depending
on the kind of file you want to add to the project) within the project
tree.
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5.3 Linkingand Locating

The Linker must combine several relocatable object modules con-
tained in object files and/or libraries to generate a single absolute
object.

In addition, the linker must locate several segments of code and data
to fixed address locations within the address space in regards to the
memory types of the miniMODUL-535. XDATA segments aways
must be located to Random Access Memory (e.g. RAM), CODE
segments should be located to non-volatile memory (e.g. Flash). The
8051 family supports a Harvard memory architecture that distin-
guishes between non-volatile and randomly accessible memory and
has two physically different signals for separate fetching of data and
code.

The Keil tool chain distinguishes the following segment types:

» CODE: code

 XDATA:external data (max. 64 kByte)

 DATA: direct addressable on-chip data (max. 128 Byte)

* IDATA: indirect addressable on-chip data (max. 256 Byte)
 BIT: bit-addressable on-chip data (max. 128-bits)

The segment types DATA, IDATA and BIT aways reside in the
on-chip RAM of the controller.

The segment types XDATA and CODE will usually reside in external
memory devices.

To ensure proper execution of your application, it is required that all
XDATA segments are located to the external RAM of the
miniMODUL-535 and that all CODE segments are located to the
external Flash memory of the miniMODUL-535. Exceptions may
occur if you use a 8051 derivative with on-chip portions of XDATA
(e.g. internal XRAM) or CODE (e.g. interna ROM).
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Since the miniMODUL-535 is equipped with a software configurable
address decoder instead of simple programmable logic device, you
can configure the memory model to your needs at runtime.

To ensure proper execution of your application, you must take the
runtime memory model into consideration when linking and locating.
This means that you must instruct the linker where to assume external
RAM for locating data segments and Flash for locating code
segments.

The standard configuration of the miniMODUL-535 is equipped with
32 kByte of externa RAM and 128 kByte of external Flash. During
runtime the RAM will be addressable at 0x0000 to Ox7FFF. The Flash
user bank (bank 1, FA[18..15] = 0010b) will be addressable at 0x0000
to OxFFFF. This default runtime memory model requires no additional
linker settings because both RAM and Flash start at 0x0000. This is
also the default start address of the linkers segment types.

Since you can not define any end address, you should always ensure
that the size of the segments fits within the available size of the
mounted memory devices. For instance all XDATA segments should
end below Ox7FFF if a 32 kByte RAM device mounted on the
miniMODUL-535. We recommend generation of a*.m51 map file for
your project and inspection of the memory map information within
thisfile.

Whenever you modify the memory model (e.g. use von Neumann
rather than Harvard memory), which leads to different start addresses
of CODE or XDATA memory, you must configure this in the linker
settings.

When using the full version of the Keil tool chain, the start address of
the CODE memory should be at 0x100. This avoids conflicts with the
interrupt/reset vector table which is located between 0x0000 and
OxO00FF.
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