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Introduction

1 Introduction to the Rapid Development Kit

Thistutorial provides:

e genera information on the PHYTEC miniMODUL-167 Single
Board Compuiter,

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

* instructions on how to run example programs on the miniMODUL-
167, mounted on the PHYTEC Development Board, in conjunction
with pVision2.

Please refer to theiniMODUL-167 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-167 Hardware Manual.

1.1 Rapid Development Kit Documentation

This “Rapid Development Kit” includes the following electronic

documentation on the enclosed “PHYTEC Spectrum CD-ROM”:

e« the PHYTEC miniMODUL-167 Hardware Manua and
Development Board Hardware Manual

 controller User's Manuals and Data Sheets

 this QuickStart Instruction with general “Rapid Development Kit”
description, software installation hints and three example programs
enabling quick out-of-the box start-up of the miniMODUL-167 in
conjunction with the pVision2 software development tools.
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1.2 Overview of thisQuickStart Instruction

1) The Getting Started section uses two example programs —
“Hello” and “Blinky” - to demonstrate the download of user
code to the Flash device using PHYTEC’s FlashTools for
Windows.

2) The Getting More Involved section provides step-by-step
instructions on how to modify both examples, create and
build new projects and generate and download output files to
the miniMODUL-167 using the Windows-based pVision2
tool.

3) 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
microcontroller design and development.

1.3 System Requirements

Use of this “Rapid Development Kit” requires:

e the PHYTEC miniMODUL-167,

* the PHYTEC Development Board with the included DB-9 serial
cable and AC adapter supplying 8-13 V./min. 300 mA.,

» the PHYTEC Spectrum CD,

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

2 O PHYTEC Mef3technik GmbH 2003  L-380e_5
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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> K EIL
SOFTWARE

http://www.keil.com
support@keil.com
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1.4 ThePHYTEC miniM ODUL-167

The miniMODUL-167 is intended for use in memory-intensive
applications and running within a CAN-bus network. The size of a
credit card (85 by 55 mm.), the standard board is equipped with a
Infineon SAB C167CR controller as well as a Real-Time Clock
which, like the SRAM, can be buffered by an external battery. The
standard module runs at a 20 MHz internal clock speed (delivering
100 ns instruction cycle.) and offers 256 kByte (up to 2 MB) SRAM
and 256 kByte (up to 2 MB) Flash on-board for DATA and CODE
storage.

The miniMODUL-167 isfitted with two RS-232 transceivers, a CAN-
bus interface and an additional UART to provide the second
asynchronous serial interface and a CAN-bus interface. All controller
signals and ports extend to pin rows aligning three edges of the board.
These pins provide a 16-bit bidirectional 1/0O port and 64 free port
lines, including 16 analog inputs with 10-bit resolution. The
miniMODUL-167 has a temperature range from 0 to 70 degrees C.
(with extended range from -40 to 85 degrees C.) and requires only a
250 mA. power source. The board can be programmed with the
included compiler, assembler, and debugger evaluation software tool
chain. PHYTEC FashTools for Windows enable easy on-board
download of user programs.
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miniM ODUL -167 Technical Highlights

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

fitted with Infineon 16-bit SABC167CR controller featuring Full
2.0B on-chip CAN and operating in 16-bit, non-multiplexed bus
mode at 20 MHz CPU speed (100 ns/ instruction cycle)

close pin compatibility to miniMODUL-166

256 kByte (up to 2 MB) external SRAM (up to 1 MByte can be
buffered with an optional lithium battery) 1

256 kByte (up to 2 MByte) external Flash-Memory supporting on-
board downloading of user code from a host-PC in conjunction
with PHY TEC FlashTools for Windows?

no dedicated programming voltage required through use of 5V
Flash-devices

battery-buffered Real-Time Clock with 256 byte RAM

two serial interfacesviaRS-232

UART as a second asynchronous serial interface

16-channel A/D-converter with 10-bit resolution

Full 2.0B CAN-bus (C167Cx only)

prepared for operation with in-circuit emulators (ICEconnect 167-
interface)

requires a single power supply of 5V/ ca. 200 mA

1

Please contact PHYTEC for more information about additional modul configurations.
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The PHY TEC Development Board, in EURO-card dimensions (160 x
100 mm.) is fully equipped with all mechanical and electrica
components necessary for the speedy and secure insertion and
subsequent programming of many PHYTEC microMODUL and
miniMODUL  series Single Board Computers. Simple jumper
configuration readies the Development Board’'s connectivity to any
PHYTEC module, which plug pins-down into the contact strips
mounted on the Development Board. One set of strips accommodates
microMODULSs, the other miniMODULSs.

Development Board Technical Highlights

* push button for RESET signal

* push button for BOOT signal

» |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 configured as a CAN interface (optionally
configurable as a RS-485 or second RS-232 according to user
needs)

* V(G96-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.
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1.5 The Keil pVision2 Software Evaluation Development
Tool Chain

Keil uVision2 fully supports the entire Infineon C166 microcontroller
family. This includes a C compiler, macroassembler, Linker/Locator
and the Simulator and Target Monitor within th&ision2 IDE.
Specific chips supported are the 161, 163, 164-Cl, 165, 166 and
167CR. Future derivatives are easily accommodated due to the
flexible Keil C compiler design.

nVision2 supports all in-circuit emulators that adhere to the Infineon
OMF166 debugging specification. The Keil OH166 Object-to-Hex

converter converts an absolute object file into an Intel-hexfile that is
suitable for programming into an EPROM device or downloading into
external Flash on the PHYTEC miniMODUL-167 target board.

uVision2 consists of the following executables:

e CCompiler cl66.exe
* Assembler al66.exe

* Linker 166.exe
 Converter ohl1l66.exe
e pVision Uv2.exe (a Windows-based application)

Once installed, the default destination location for the DOS based
files is the C:\Kell\C166\bin directory while pVision2 is in
C:\Kell\Uv2. If using the professional (i.e. full) version of the Kell
tool chain, the default destination location for these files is the
C:\C166\bin directory. Access to these programs from Windows is
accomplished withuVision2. The entire tool set can be run from
pVision2 or directly from DOS with batch files. The Evaluation
version is limited in code size to 8 kByte. Other than these
restrictions, all features operate normally.

© PHYTEC Meftechnik GmbH 2003  L-380e_5 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 ssimple mouse clicks. pVision runs under Windows 95/98
and NT. 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,
including emulator software.

C166 C Compiler for the entire Infineon 166/167 family

The C166 ANSI compiler and A166 assembler are designed
specifically for the Infineon 161, 163, C164Cl, 165,166, 167, 167CR,
and future derivatives. The C166 compiler easily integrates into the
Kell RTOS and interfaces and passes debug information to the

HnVision2 Simulator and all in-circuit emulators. Extensions provide
access to on-chip peripherals. The Keil C166 compiler provides the

fastest and smallest code using industry benchmarks.

A166 M acr oassembler

The Professional Kit (PK) macroassembler is included with the PK
Compiler package or is available separately. It is DOS-based or can
be run frompuVision2 and includes all utilities needed to complete

your project.
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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
nVision2 enable 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. The
evaluation version of pVision2 is restricted to a 8 kByte in
manipulable code. Other than this restriction the evaluation tool chain
(EK) functions exactly as does the full (PK) version. The evaluation
version does not have a starting address restriction and produces
useful object code. This allows you to fully evaluate the features and
power of Keil products on the PHYTEC target board. The PK full
version has no restrictions and is fully ANSI compliant.

FR166 Full-Function RTOS for the Infineon C166 Family

The FR166 is a multi-tasking real-time operating system for the
Infineon 166 family. You can manage multiple tasks on a single CPU
making your programs much easier to develop. The RTX166 Full
includes CAN libraries. The RTX166 Tiny is a subset of the RTX166
Full and is included with all C166 C Compiler Kits. The EK version
of the tool chain does not include an RTOS.

© PHYTEC Meftechnik GmbH 2003  L-380e_5 9
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CAN (Controller Area Network) Library

The RTX166 Full RTOS supports CAN controllers with the included
libraries. The CAN libraries are sold with the RTOS and support11-
(Basic 1.0 CAN) and 29-bit (Full 2.0B CAN) message identifiers.
Kell 166 and 8051 C compilers interface with the RTOS and CAN
libraries. Kell supports al CAN microcontrollers based on the
Infineon C505C, C515C, C164-Cl, and C167CR. Future CAN
products based on these 8051 or C16x Families are easily supported
due to the flexible Keil Compiler design.

10 O PHYTEC MeRtechnik GmbH 2003  L-380e_5



Getting Started

2 Getting Started

What you will learn with this Getting Started exampl e:

» instaling Rapid Development Kit software

» starting PHYTEC's FlashTools download utility

e interfacing the miniMODUL-167, mounted on the Development
Board, to a host-PC

» downloading example user code in hexfile format from a host-PC
to the external Flash-Memory using FlashTools

2.1 Installing Rapid Development Kit Software

When you 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 Development Kit as specified by the user. Otherwise the setup
programstart.exe can be manually executed from the root directory of
the PHYTEC Spectrum CD.

© PHYTEC MeRtechnik GmbH 2003  L-380e_5 11
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The following window appears:

Spectrufn,

All you nr;:r:d:h tor Rapid Deve]opment

5
m Basic Product Files |

-
Install Extended Praduct Fllesﬂ.

H ; Install Data Sheets 1

Appl cation nte:

l More Information
Exit

PHYTEL

Choose Install Basic Product Files Button.

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 O PHYTEC MeRtechnik GmbH 2003  L-380e_5
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Choose Destination Location

Setup will install the PHYTEC Products in the fallowing folder.

Toinstall to a different folder, click browse and select another
folder.

MWOTE: “We suggest that you ingtall FHYTEC Products using the
default lacation [which will result in at lzast 5 directary levels).

IF pau wizh to install bo another location, the path length

should not exceed 8 directary levels. A path of more

than 8 directory level: may not work.

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

" Destination Folder

C:APHYE asic Browse... |

< Back 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 installed
for a specific product.

Select PHYTEC products

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

Components

|1 microk0DUL-8057 Low Power 0k ﬂ
| minitODUL-166 ok

W minikd ODUL-TEY

[ minit 0D UL-503 ok

[ minitODUL-515C ok LI
— Dezcription

Installz the components far the
minMODUL-167 [hianae; . |

Space Required: 0K
Space Available: 425352 K

< Back I Mewt » I Cancel |

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

© PHYTEC MeRtechnik GmbH 2003  L-380e_5 13
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All software and tools for this miniMODUL-167 Kit will be installed
to the \PHYBasic directory 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 doc. On the Spectrum CD.

Install |

Do you want o inztall the selected documentation
az .pdf-files to pour hard-drive 7

Othenmize vou will need the PHYTEC
Spectrumn CO-ROM to read the docurmentation.

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-167 Kit will aso be installed
to the Kit-specific subdirectory. The manuals of the Development
Boards are copied to their own specific subdirectories (e.g.
\PHYBasic\DevBmM) because each Development Board is suitable
for multiple Single Board Computers and is not dedicated to a
specific Kit.

14 O PHYTEC MeRtechnik GmbH 2003  L-380e_5
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Setup will now add program icons to the program folder, named
PHYTEC.

In the next window, you choose the Keil EK166 Software
Development Tool Chain.

Setup Ed |

Setup haz detected that an appropriate Toal Chain iz required to carny out
CluickStart Instructions far the inztalled B apid Development Kits.

r'ou can chooze between the Keil EK1EE Software Development Tool Chain
and the T azking for C166 Tool Chain

MOTE:

In arder to succeed when carying out the
CluickStart Ingtructions on thiz CO-ROM you must
inztall at least one appropriate T ool Chain.

Select the Tool Chain to instal

[ Kel EK1EE

[T Tasking for C166 Demo

After accepting the Welcome window and license agreement select
the destination location for installation ofthe Development Tool
Chain.

Depending on the Rapid Development Kit software you have
selected, the applicable Keil pVision2 Evaluation Development tool
chain will be installed to your hard-drive. Additional software, such
as Adobe Acrobat Reader, will also be offered for installation.

© PHYTEC MeRtechnik GmbH 2003  L-380e_5 15
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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 pVision2 are already installed on your
system. These QuickStart Instructions and the demo software
included on the CD-ROM have been specifically tailored for use with

one another.

In the following windows you can decide to install FlashTools for
Windows Beta Version and the Acrobat Reader. For better
performance, you can use the DOS Flashtools which have already
been installed.

Inztall |

Setup has detected that FlazhT ools Software
iz required to carry out QuickStart [nstuctions
for the selected modules.

A DOS wersion of the FlashT ools for 168t controllers

haz alieady been installed. Do you want ta install

Windows verzion az well ?

MNOTE:

Thiz will inztall a BE T4 wersion, which haz lower perfformance.
In order to succeed when canying out the QuickStart
Inztructions from this CO-ROM wou must work, through the
chapter describing the FlazhToolz verzion you are using.

['o wou want to install the FlazhToolz 168 Software for Windows
from thiz CO-ROM 7

Inztall Ed |

Setup haz detected that vou have installed manualz
for zame modules.

MOTE:
T o view them pau muzt uze Acrobat Beader W30
ar higher.

Do you want ta ingtall Acrobat Reader Y3.02
frarn thiz CO-ROM 2

16 O PHYTEC MeRtechnik GmbH 2003  L-380e_5
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Press Finish to complete the installation and decide if you want to

begin the Quickstart Instruction immediately.

Setup Complete

Setup has finished inztaling PHYTEL products on your

cormputer.
You can immediately begin the QuickStart Instructions for the
PHYTEL products.

v ires, | want to begin DuickStart Instructions

Click Finish to complete S etup.

< Black I Finish I

© PHYTEC Meftechnik GmbH 2003  L-380e_5
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2.2 Interfacingthe miniMODUL-167 to aHost-PC

Connecting the miniMODUL-167, 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 there is a solid connection between the module pins and
the Development Board receptacle. Also take precautions to not bend
the pins when the miniMODUL is removed from and inserted onto
the Development Board.

VGl PHYTHC Messtechnik GmbH MM-Basis- 1117.4 D4

20

20 N
I
[

’_I

2 JP5 | | gPIg.l, JPI5 PLAL JPI2 | | o
JP4 [JPE - [JPI7,IP16 [+ IPI3 1

JPEFIP2 |

2 | |= JP7 | JP3 =

B
JP9BOCT
T |:
2 S i:l
NUMPORTL

DNUMPORTL

\ J|
P3 PORT_XY

(G
=
-
=

Figurel: 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.

Figure2:  Suitable Development Board Jumper Settings

(m u] 3pg
IP11 IP13 JIPL7
oo ‘ 0| 2P1es L IP6 ‘ P4 P2 P8 | glopis
= LI =N = KECEEIEE " Em [ B — Pl | [ R |
. ---=-=-=---------n---n---n-n-n
JDQ@‘ ‘ ol o oo ‘ D‘ ‘D . O 0
JP1210Pp14 Jp1s| JP1S JPS JP7 JIP10

» Configure Jumper JP1 on the Development Board as indicated

below to supply the board through the power socket

JP1

(P3).

 Connect the RS-232 interface of your computer to the
DB-9 RS-232 interface on the Development Board (P1) using the

included seria cable.

» Using the included power adapter, connect the power socket on the
board (P3) to a power supply (refer to Figure 3 for the right

polarity).

polatity: -  +

x +8..12VDC center hole \
[~ so0ma 2,0mm ]

/

GND

Figure3:  Power Connector

\

5,5mm

» Simultaneously press the Reset (S1) and Boot (S2) switches on the
Development Board, first releasing the Reset (S1) and then, two or

three seconds later, release the Boot (S2) switch.
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This sequence of pressing and releasing the Reset (S1) and Boot (S2)
switches renders the miniMODUL-167 into the Bootstrap mode.
FlashTools must always be operated in this mode. See section 5.1.2
FlashTools for more details. Ensure that the terminal program
flasht.exe is always invoked only after first resetting the board.

The miniMODUL should now be properly connected via the
Development Board to a host-PC and power supply. After executing a
Reset and rendering the board in Bootstrap mode, you are now ready
to program the miniMODUL-167. This miniMODUL/Devel opment
Board combination shall also be referred to as “target hardware”.

2.3 Downloading Example Code

2.3.1 Starting PHYTEC FlashToolsfor DOS

FlashTools should have been copied to your hard drive during the
initial setup procedure as describedsastion 2.1. A link also should
have been added to youPHYTEC Rapid Development
KitiminiMODUL-167 program group which allows you to easily start
FlashTools by selecting the appropriate icon.

Alternately you can manually copy FlashTools from within the
\mM167\Tools\Flasht directory of your PHYTEC Spectrum CD.
FlashTools consists of three files: tHasht.exe (user interface as
DOS executable file)boot (the second stage loader) aihdsh (the
FlashTools microcontroller firmware). FlashTools for DOS
(flasht.exe) is a utility program that allows download of user code in
* h86-file format from a host-PC to a PHYTEC Single Board
Computer (SBC) via an RS-232 connection. FlashTools uses the
Bootstrap Loader mechanism of the miniMODUL-167 to transfer and
execute the firmware. FlashTools consists of a firmware transferred to
the external RAM using the Bootstrap Loader and corresponding
software executed at the host-PC. Proper connection of a PHYTEC
SBC to a host-PC enables the software portion of FlashTools to
recognize and communicate with the firmware portion.
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Each set of boot and flash files found in any directory of the
PHYTEC Spectrum CD are specially tailored for use with a specific
controller on a particular PHY TEC Single Board Computer. Take care
not to interchange sets of files because the wrong set usually will not
work with other controllers and, hence, will lead to a configuration
error. Refer to section 5.1.1 for details.

* You can start FlashTools for DOS for your miniMODUL-167 by
selecting either the FlashTools (COM1) or FlashTools (COM2)
icon within the Programs|PHYTEC Rapid Development
KitjminiMODUL-167 program group. We always recommend use
of theinstalled icons.

* You can aso start FlashTools by running the executable from
within a DOS box by typing flasht br(9600) x. This sets the baud
rate to 9600 baud and uses serial port x (X = appropriate COM port
of your computer).

2.3.2 Downloading Example Code with FlashToolsfor DOS

o Start FlashTools for DOS for your miniMODUL-167 by selecting
either the FlashTools (COM1) or FlashTools (COM2) icon within
the PHYTEC Rapid Development KitjminiMODUL-167 program
group. Which icon to choose depends on the serial port used on
your host-PC to connect to the target system.

The microcontroller firmware tries to automatically adjust to the baud
rate entered in the command line within the properties of the link.
However it may occur that the predefined baud rate can not be
reached. This results in FlashTools omitting the loading procedure
and never showing the main menu. In this case, try incrementally
lower baud rates to establish a connection. Before further connection
attempts be sure to leave FlashTools by pressing function key <F1>
and then to reset the target hardware and force it into Bootstrap mode
as described in section 2.2.
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* |f properly invoked, FlashTools will load to the RAM of the
miniMODUL-167. The active loading process is indicated by a
rotating cursor bar.

Y& FLASHT EXE

FLASH-TERMINAL U1.43
¢C> PHYTEC MeBtechnik GmbH 1997

USING COM2: AT 2688 BAUD

Loading Flash-Utilities:z “_

» After FlashTools has |oaded, the main menu appears on the screen.

"& FLASHT EXE

(c> 1994, PHYTEC MeBtechnik GmbH. D-5512% Mainz

Flash-Devices: AMD 29FA18
Flash—fArea: A8ABABH -B3FFFFH
Software-Protected-Areas : none

: none

: none
Mo-Access—Areas : BBEFABH-BAFFFFH

: none

: none

Flash status information

Erase entire Flach-fArea

Eraze partial Flash—Area

Load INTEL-Hexfile
Software—Reset

Bun from address

Erase, Load and Software—Reset

> Command :
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At the FlashTools main menu you will see commands for the
following:

Flash Status information shows sector and address ranges in Flash
memory:

M& FLASHT EXE

> STATUS INFORMATION
Device information:
EUVEN Bank: Manufacturer code = 81, Device code
ODD Bank: Manufacturer code = @1, Device code
Flash-Devices: AMD 29F818
Address range information:
Flash—fArea: A8800BH-A3FFFFH
Software-Protected-Areas : none
i none

none
Mo-fAccess—Areas ABEFAOH-BBFFFFH
none

Lector information: Access to 8 per han
i hank stat i

QDD bhank status

unprot..full acc. unprot .. full acc.

unprot..part. acc..hlan unprot..part. acc.,.blank
unprot..full acc..blank unprot.,.full acc..blank
unprot. acc..blank unprot..full acc.,.blank
unprot . acc..blank unprot..full acc..blank
unprot . acc..blank unprot..full acc..blank
unprot. acc..blank processing

Erase entire Flash-Area enables erasure of the unprotected sectors of
the whole user addressable Flash:

Y& FLASHT EXE
> ERASE FLASH

WARMIMG: All data within wnprotected sectors will bhe destroyed?
GContinue? (Y¥-N>y
Eraszing Sectors:

i EVEN bank status | ODD bank status

processing
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Erase partial Flash-Area enables erasure of user specified sectors of
memory by entering a memory address range:

> ERASE SECTORS

Flash—-fArea: B00008H-B3FFFFH
Software—Protected—-fAreas : none
: none

: none
Mo—ficcess—Areas : BBEFABH-BAFFFFH
: none
: none

Enter Start Address ¢(hex. min. 2 digits)>:@8080

Enter End Address Chex, min. 2 digite)>:10808

= CAUTION e

The smalleszt physical unit to be erased iz predefined by the sector size
of the used Flash-Memory—devices. The following address range may differ
from your original input.

Address range to be eraszed: BBEBEOH-B17FFFH
START ERASURE? <Y~/N>

Load INTEL-hexfile downloads specified hexfiles to the target
hardware:

% FLASHT.EXE

Input File: c:srapidkitmmlée?~demossblinkysblinky.h86
Press {F2> to download a HER-—file when using FLASHT
Waiting for INTEL-Hex File...

>>:020008048088FA
»>>:020080400CBAA2F
»>>:180886 A8 FE18 EERERBL ERAYBEFABE6118 7AFA4663
»>»:188816080FR5 726 F4FR42 38528 DF Y8 FEHERAG EBA?F6
>>:180826 0PBBEEABG6 118 7AFB46FB5726F4FB493852D6

>>:040036008DF7ADE?4E
>>:100A3A0PASSAASASEAB63F1D1ABGAAL21ABYARFF2D
>>:1A0A4AARANE?040AEG ACAS 1 BECBAAER4EL ARACFAED
»>2>:18885ABPECAPABBAEL i1 ARABECH2100AEe BBAAFCB?
»>>:188086ABPB54ABSBSE6 FRPO?OECF?00
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Software-Reset  forces a software-reset of the microcontroller,
resulting in execution of the Flash memory content:

Y& FLASHT .EXE

» PHYTEC MeBtechnik GmbH. ainz

Flash-Devices: AMD 29FB10
Flash-fArea: A8A0ABH—-B3 FFFFH
Sof tware—Protected-Areas : none

: none

: none
No—-Access—Areas : BBEFABH-BBFFFFH
: none
: none

Flash status information

Erase entire Flazsh-Area

Erase partial Flash-Area

Load INTEL-Hexfile

Sof tware—Reset

Run from address

Erase, Load and Software—Reset

> Command:5

Executing Software—Reset..

Run from address allows start of execution at a user specified
address:

Y& FLASHT EXE

> RUN
Start address C(hex»:8B8168_

Erase, Load and Software-Reset results in automatic erasure of
unprotected areas of the Flash, loading of a hexfile and a subsequent
software-reset that executes the contents of the Flash memory.

Return to the main FlashTools menu to run an example program.

© PHYTEC Meftechnik GmbH 2003  L-380e_5 25



miniMODUL-167 QuickSart Instructions

2.3.2.1 “Hello”

The “Hello” example downloads a program to the Flash that, when
executed, initializes the serial port to 9600 baud 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.

From the FlashTools main menu enter ‘2’ to choose Brase
entire Flash-Area command and select ‘Y’ to confirm erasure of
unprotected sectors of Flash memory. You can see the Flash sectors
being erased in the FlashTools window. When all sectors are
erased, the main FlashTools menu reappears.

Enter ‘4’ to choose théoad INTEL-hexfile command and press
function key <F2> to specify the input file for download.

The hexfile has already been installed on your hard-drive during
the installation procedure. Enter the correct drive and path to the
miniMODUL-167 Demo file (default location
C:\PHYBasic\mM 167\Demos\Keil\Hello\hell0.h86). After
pressing ‘Return’ the download starts immediately. You can watch
the process of the download as the code spills across the
FlashTools window as it transmits via the RS-232 connection from
the host to the on-board Flash

M& FLASHT EXE

Input File: c:“rapidkit'mmlé?~demosshelloshello.h86
Press {F2> to download a HER-—file when using FLASHT
Waiting for INTEL-Hex File...

>>:820008048088FA
>>:18085400202063686172203D202530326258BAPBF6
»>>:BEAB648P1A48656 C6C6F285 76 F?26Co4AAAB4E

>>:1AAA300ADAAAS6A6E6FE64ARECF?AARADARARSBA235
>>:10084000DAAAEA06 DASAEL FE5 400EGF? BBARDABRAL
>>:0408500058820DF64F

»>>:18887200A55AA5ASBAB63F1D1A86AA1 2108 7ABFFFS

>>:1088B2AAFP1 8701 2D22EBASDCAYIE282D25FA3259%
>>:100AC200DCAT?848ANAF2 1 BEBAAF2ZAEFAFR347C3365
>>:1A0AD2ARAEF306 F3IAAFDEA154C547158685BBB53E3
»>>:1POPE20PA84128213DF30D_

» At the end of the download the main menu reappears and the

downloaded code can be executed.
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If the selected Flash bank into which you wish to download code was

not empty (i.e. erased), the following warning dialog box will appear:

“Il Target address location not emptyxxxx’ (where xxxx is the
erroneous address). If this occurs, press the <Space> bar to return to
the main menu (this may take some time) and selec{2h&rase

entire Flash-Area from the main menu to erase all unprotected sectors
of the Flash. Then repeat the download procedure.

* From within the main menu press function key <F1>. Select ‘Y’ to
exit the FlashTools.

Monitoring the execution of the QuickStart demo requires use of a
terminal program, such as the HyperTerminal program included
within Windows.

» Start the HyperTerminal program within tReograms|Accessories
bar.
* TheHyperTerminal main window will now appear:

& HyperT erminal [_ O]
J File Edit “iew Go Fawortes Help i
S )
ATET Mal CompuSene hticans di
) A
twpertrm.dil Hypertrm FCI b ail
|E object(z] |_§‘ by Computer i

* Double-click on the HyperTerminal icdidypertrm” to create a
new HyperTerminal session.
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 The Connection Description window will now appear. Enter
“COML1 Direct” in the “Name” combobox (be sure to specify the
correct COM parameter for your system).

Connection Description
Enter a name and choose an icon for the connection:
Mame:
I
lcan:
k. I Cancel |

* Next press theOk button. This creates a new HyperTerminal
session namedCOM1 Direct” and advances you to the next
HyperTerminal window.

« The “New Connections Propertieswindow will now appear.
Specify Direct to COM21under the Connect Usingcombobox (be
sure to indicate the correct COM setting for your system).

Mew Connection Properties EHE

Phaone Mumber | Settingsl

5 : Mew Connection

Country code: IGerman_l,l[49] j

Enter the area code without the lona-distance orefix.

Area code: IDB1 il

Ehone number: I

Connect using: [t n |

Configure... |
¥ | Wse counticode and ares code
Ok | Cancel
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» Select the Configure button in the “New Connections Properties”
window to advance to the next window (COM1 Properties). Then
set the following COM parameters. Bits per second = 9600; Data
bits = 8; Parity = None Stop Bits = 1; Flow Control = None

COM1 Properties HE

Port Settings |

Bits per second: lh
Data bits: lﬁ
Barity: |Nore -

Stop bits: lﬁ

Advance d. BRestare Defaults
oK I Cancel I Aoply |

Selecting OK advances you to the “COM1 Direct -
HyperTerminal” monitoring window. Notice the connection status
report in the bottom lower corner of the window.

File Edit “iew Call Transfer Help
0|2 58] =ols|
|
-
I}
Disconnect ted |Auto detect | Auto detect [sCROLL  [CAPS  [NOM  [Captwe  [Print echo 4
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* Resetting the Development Board (at S1) will execute the
hello.h86 file loaded into the Flash.

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

« Click the disconnect icon&|in HyperTerminal toolbar and exit
HyperTerminal.

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

The demo application within the file hello.h86 initializes the serial
port of your miniMODUL-167 to 9600 baud. The initialization values
are based on the assumption that the microcontroller runs at a 20 MHz
internal clock frequency. Please note that the miniMODUL-167 is
populated with an oscillator with a frequency of just 5 MHz. An
internal PLL (Phase Locked Loop) device renders an internal 20 MHz
clock frequency. If your miniMODUL-167 is equipped with an
oscillator with a different frequency value, the demo application
might transmit using another baud rate. This may lead to incoherent
characters appearing in the HyperTerminal window following
execution of code. Additional information can be found in the
readme.txt file in the Hello project directory.
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2.3.2.2 “Blinky”

The “Blinky” example sends a program to the Flash that, when
executed, manipulates the single user SMD-LED D3 on the
Development Board which is mounted near the Boot (S2) switch. This
second example program provides a review of the FlashTools
download procedure:

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

Reset the target hardware and force it into Bootstrap mode by
simultaneously pressing the Reset (S1) and Boot (S2) switches on
the Development Board and then releasing first the Reset (S1) and,
two or three seconds later, release the Boot (S2) switch.

Start FlashTools for DOS from within theHYTEC Rapid
Development KitjminiMODUL-167 program group. Remember to
use the icon corresponding to the proper serial port on your host-
PC for connection to the target hardware.

After the loading process has finished and the main FlashTools
menu appears, enter ‘2’ to choose thmase entire Flash-Area
command. Select ‘Y’ to confirm erasure of unprotected sectors of
Flash memory.

Once the main menu reappears on the screen enter ‘4’ to choose the
Load INTEL-hextile command and press the function key <F2> to
specify theblinky.h86 hex input file.

The “Blinky” hexfile has also already been installed on your hard-
drive during the installation procedure. Enter the correct drive and
path to the demo file and press <Enter> (default location
C:\PHYBasic\mM 167\Demos\Keil\Blinky\blinky.h86).

Returning to the main menu, enter ‘5’ to chooseSbfevare-Reset
command. This will render a software-reset to the target system and
start execution of the downloaded program.

Successful execution of the prograntl flash the LED with equal

on and off durations.

Press the function key <F1> to exit the FlashTools.

You have now successfully downloaded and executed two pre-
existing example programs 1h86 hexfile format.
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2.3.3 Downloading Example Code with FlashToolsfor Windows

o Start FlashTools for Windows by double-clicking on the
FlashTools for Windows icon or by selecting FlashTools for
Windows from within the Programs|PHYTEC FlashTools for
Windows program group.

 The Connect tab of the FlashTools for Windows Worksheet
window will now appear.

* Doubleclick on 16-Bit RS-232

“‘:"—PHYTEE FlashTools 16Bit
Eile  /i=vs Caonnection Help

i = - =S| QO

Communication Setup

~Supponed Target Hardware

= 16-Bit RS232 PHYTEC kitCON-167 =]
L KIHCOR-TE
L KICOM-164 Please ensure, that the madul is in

L KICON-T65 boatetrap mode to load the Flashtools:
‘71 The communicatian with the modul required
" a RE232 connection.

Lo minitdODUL-167

Connect =

e Select the correct module from the list and press the Connect
button.
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Properties for serial comunication [ X]
Interface: ||:|]M1 jl | oK I
Baudrate: 35|]|1 j Cancel |

Default configuration

- B Data bits
-1 Stop hit
- no Parity

» Select the correct serial port for your host-PC and a 9600 baudrate.

 Click the OK button to load the module based part of the
Flashtools to the target hardware.

The microcontroller 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 reached. This results in a connection
error. In this case, try other baud rates to establish a connection.
Before further connection attempts, be sure to reset the target

hardware and render it into Bootstrap mode as described in
section 2.2.

".*:PHYTEC FlashTools 16Bit

File “=w Connection  Help

‘jﬁ,a*, =05 &2 & 00

Communication Setup

~Supported Target Hardware

=-16-Bit RS232 PHYTEC kitCON-167 =l
e KHCOR-161
L KCOMN-164 Please ensure, that the modul is in
L KHCON-166 bootstrap mode to load the Flashtools
KICON-165 The communication with the modul reguired
a R5232 connection
o minitdODUL-167
Connect |

Load Flashtools [IHNTENENINNENENNNEEN
Connect INNENNNENER

Search flash specific program library. Please wai.
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o After the data transfer you will see FlashTools for Windows
Worksheet window with the following tabs.

Flash Information shows sector and address ranges in Flash-Memory:

% PHYTEC FlashT ools 16Bit ME E

Eile  View Help

NERYETERE T 90
Sector Utilities | File Download | Communication Setup |

Flash Information Protected Area Information

Flash Information

Manufacturer Code O1H Memary Size 25E KB
Device Code 20H Sector Size B000H
Flashtype AMD 29F010 Sectars g
Mode: external Flash

Address Infarmation

Sector ‘ Address-Range
Sector#0 00000000k - 00007FFFh
Sector#1 00003000k - 0000FFFFh
Sector #2 00010000k - 0001 7FFFh
Sector#3 00018000k - 0001 FFFFh
Sector#4 00020000k - 00027FFFh
Sector#5 00028000k - 0002FFFFh
Sector #6 00030000k - 00037FFFh
Sector#7 00033000k - 0003FFFFh

|Connection: RS232

File Download downloads specified hexfiles to the target hardware:

i PHYTEC FlashT ools 16Bit mE B
File View Help
‘JLE:aﬁg B s 2= oo‘
Flash Information | Protected Area Information |
Sector Utilities e TR DT | Communication Setup
Download
Filename
Filetype:
Filesize

Eileopen .| = Downlosd

Connection : R5232
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Protected Areas Information shows protected areas of Flash-Memory:

% PHYTEC FlashT ools 16Bit ME E
Eile  View Help
NERYETERE T 90
Sector Utilities I File Download | Communication Setup |
Flash Infarmation Protected Area Information

i Protected Areas Information

Protection | AddressRange

Mo Access Areas Infarmation

Frotection ‘ AddressRange

MNoAccess Area #0 OO000EFO0H - D000FFFFH

Connection : R5232

Sector Utilities allow erasure of individual sectors of Flash-Memory:

% PHYTEC FlashT ools 16Bit ME E
Eile  View Help
NERYETERE T 90
Elash Information | Protected Area Information |
Sector Utilities | File Download | Communication Setup
[ Sector Status Information
Sector ‘ Address-Range | Protection | Status ‘
Sector#0 00000000k - 00007FFFh unprotected  hlank
= (00008000 - D000FFFFh Fartial Access  hlank
Sector 00010000k - 00017FFFh unprotected  blank
Sector#3 00016000k - 0001FFFFh unprotected  hlank
Sectordd 00020000k - 00027FFFh unprotected  hlank
Sector#5 00028000k - 0002FFFFR unprotected  blank
Sector #6 00030000k - 00037FFFh unprotected  hlank
Sector#? 00038000k - 0003FFFFh unprotected  hlank

Sectar Blank Check: Erase Sector(s)

Connection : R5232
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Communication Setup provides you with the possibility to disconnect
the target and reconnect with an equal one. Programming of several
targetsis possible for you thereby.

. PHYTEC FlashTools 16Bit

File Wiew Help

‘ﬂauﬁﬁ Ba o' & 90
Flash Intormation Protected Area Information |
Sector Utilities | File Download Communication Setup

~Supported Target Hardware

- 16-Bit R5232 PHYTEC kitCON-167 =
o KIRCOMN-161
e KIHCOM-164 Please ensure, that the modul is in
 KItCOM-165 bootstrap mode to load the Flashtools.
E:ggz:}g? The communication with the modul required

a RE232 connection
L miniODUL-167

Disconnect =l

Connection : R5232
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2.3.3.1 “Hello”

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.

* Choose thesector Utilities tab, highlightSector #0 and click on
the Erase Sector(s) button. You can see the Flash sector(s) being
erased at the bottom left hand of the window. When the desired
sectors are erased, the connection properties description returns to
the lower left corner of the window.

» Choose theFile Download tab, and click on thd-ile Open...
button.

» The hexfile has already been installed to your hard-drive during
the installation procedure. Type in the correct drive and path to the
miniMODUL-167 Demo  directory  (default location
C:\PHYBasic\mM167\Demos\Keil\Hello\hello.h86) and click
Open

» Click on the Download button. You can watch the status of the
download of the hello.h86 into external Flash-Memory in the
Download window.

PHYTEC FlashTools 16Bit

Eiler Wiew Hels

‘ﬂ@*’tﬁﬁm@ﬁéﬁ@ 00

Flash Information | Protected Area Information
Sector Utilities File Download | Communication Setup

rDownload
Filenarne : Hello.HBE
Filetype : Extended Intel Hex File

Filegize : 3884 Bytes

Connec tion : R5232
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» At the end of the download, a sector by sector status check of the
Flash-Memory can be viewed in the left-hand corner of the
FlashTools for Windows Worksheet 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.

If the selected Flash bank into which you wish to download code is

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 th&ector Erase tab from the FlashTools for Windows
worksheet, highlight Sector #0 and erase the sector. Then repeat the
download procedure.

 Returning to the Communication Setup tab, click on the
Disconnect button and exit the Flash Tools.

Monitoring the execution of the QuickStart demo requires use of a
terminal program, such as the HyperTerminal program included
within Windows.

o Start the  HyperTerminal program within the
Programs|Accessories bar.
* TheHyperTerminal main window will now appear:

& HyperT erminal [_ O]

J File Edit “iew Go Fawortes Help i

ATET Mal CompuServe hticans di

twpertrm.dil Hypertrm FCI b ail
|E object(z] |_§‘ by Computer i

* Double-click on the HyperTerminal icdiHypertrm” to create a
new HyperTerminal session.
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 The Connection Description window will now appear. Enter
“COML1 Direct” in the “Name” combobox (be sure to specify the
correct COM parameter for your system).

Connection Description

Enter a name and choose an icon for the connection:

Mame:

lcan:

Ok I Cancel |

* Next press theOk button. This creates a new HyperTerminal
session named “COM1 Direct” and advances you to the next
HyperTerminal window.

 The “New Connections Propertieswindow will now appear.
Specify Direct to COM21under the Connect Usingcombobox (be
sure to indicate the correct COM setting for your system).

Mew Connection Properties EHE

Phone Mumber | Settingsl

= : Mew Connection Change [con...

Country code: IGerman_l,l (49] j

Enter the area code without the lona-distance orefix.

Area code: IDB1 il

Ehone number: I

Connect using: [t n |

Configure... |

¥ | Wse counticode and ares code
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Select the Configure button in the “New Connections Properties”
window to advance to the next window (COM1 Properties). Then
set the following COM parameters. Bits per second = 9600; Data
bits = 8; Parity = None Stop Bits = 1; Flow Control = None

COM1 Properties HE

Port Settings |

Bits per second: lh
Data bits: lﬁ
Barity: |Nore -

Stop bits: lﬁ

Advance d. | BRestare Defaults |

oK I Cancel I Aoply |

o Selecting OK advances you to the “COM1 Direct -
HyperTerminal” monitoring window. Notice the connection status
report in the bottom lower corner of the window.

‘7_! Mew Connection - HyperTerminal | (O] %]
File Edit “iew Call Transfer Help
Dl=| 58] lF|
- .
[]
Dlscunn‘t.acled |Auta detect !Autu delect‘ |5EF|EIL‘L WW’E‘@TW‘ 4
40
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* Resetting the Development Board (at S1) will execute the
hello.h86 file loaded into the Flash.

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

» Click the disconnect icon §| in HyperTerminal toolbar and exit
HyperTerminal.

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

The demo application within the file hello.h86 initializes the serial
port of your miniMODUL-167 to 9600 baud. The initialization values
are based on the assumption that the microcontroller runs at a 20 MHz
internal clock frequency. Please note that the miniMODUL-167 is
populated with an oscillator with a frequency of just 5 MHz. An
internal PLL (Phase Locked Loop) device renders an internal 20 MHz
clock frequency. If your miniMODUL-167 is equipped with an
oscillator with a different frequency value, the demo application
might transmit using another baud rate. This may lead to incoherent
characters appearing in the HyperTerminal window following
execution of code. Additional information can be found in the
readme.txt file in the Hello project directory.
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2.3.3.2 “Blinky”

The “Blinky” example sends a program to the Flash that, when
executed, manipulates the single user SMD-LED D3 on the
Development Board which is mounted near the Boot (S2) switch.
This second example program provides a review of the FlashTools for
Windows download procedure:

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

* Render the target hardware into Flash Programming Mode by
simultaneously pressing the Reset (S1) and Boot (S2) switches on
the Development Board and then releasing first the Reset (S1) and,
two to three seconds later, release the Boot (S2) switch

» Start FlashTools for Windows

At the Serial Interface tab of the FlashTools for Windows
Worksheet, specify the proper serial port and transmission speed
for communication between host-PC and target hardware and click
the Load Flashtools button to transfer the modul based part of the
FlashTools for Windows to the target hardware.

» Select the right protocol (default RS-232) for further use of the
FlashTools for Windows

* Returning to the FlashTools for Windows Worksheet, choose the
Sectors Utilities tab, highlight Sector #0 in the Sectors Erase
section of the tab and click on thease Sector(s) button to erase
this memory sector

 Wait until the status check in the lower left corner of the
FlashTools for Windows Worksheet finishes, returning the
connection properties description to the lower left corner of the
window

* Next choose théile Download tab and click on théile Open
button

» Type the complete pathway and name of the file you wish to
downloadC:\PHYBasic\mM 167\Demos\Kei[\Blinky\blinky.h86
directory (default location)

42 O PHYTEC MeRtechnik GmbH 2003  L-380e_5



Getting Started

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

e Returning to the Communication tab, click on the Disconnect
button

» 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 with equal
on and off durations

You have now successfully downloaded and executed two pre-
existing example programsin *.h86-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 output *.h86-file to
the target hardware

3.1 Starting the pVision2 Tool Chain

The 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 executsafup.exe from
within the \Software\Keil\Ek166 directory of your PHYTEC
Spectrum CD.

Start the tool chain by selectinigeil pVision2 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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File Edt Wiew Projsct Debug Periphersls Tools SVCS Window Help |

EHeEE [P ER == i e | E
) | |y ([ | < ey B R

==l

D KEIL
SOFTWARE

— |LVISIONFA ¢

IDE for
B [ 0e Microcontrollers

= This program s protected by 15, and intermationsl coppright laws

l:l
K3 I

I [ T vRlRw

3.2 Creating a New Project and Adding an Existing Sour ce
File

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

» Change to the project directory created by the installation proce-
dure (default location C:\PHYBasic\mM167\Demos\Keil\Blinkyp

Create New Project EE

Savejn:la Blinky2 j @l gl E?

File name: I Save I
Save as tupe: IProiect Files [*.uv2) j Cancel |

4
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* In the combobox ‘File name’, enter the file name of the project
you are creating. For this tutorial, enter the name Blinky2 and
press Save

* Now use from the menu Project|Select Device for Target and
double click on Siemensas manufacturer for the CPU. The
miniMODDUL 167 is equipped with a C167CR-LM CPU. Choose
this controller type from the list as shown below. This selection
sets necessary tool options for the C167CR-LM device and
simplifiesin this way the tool configuration.

%Select Device for Target '"MM167* EE
cru |
YWendor  Siemens

Device:  C167CR-LM
Farnily: 1BE/1E7

Data baze Diezeription:
El- iemenz - -Bit Microcontroller wit ines, Power Down, W atchdog, Clock |«
S TE-Bit M Il h 1171 140 Li P o] W atchdog, Clock
..... [ CIBlK Capture Compare Lnit [32 channels), P/t Output (4 channels)
_____ (3 C1810/0R CAM Controller, 55C. USART, AD Converter
3 C16TF J or-chip RaM: [2KB + 2KB XRAM)
..... D C161Y

----- L3 C163 [all Wariants)
----- £ C1E4 [all ' ariants)
----- [ C1ES [all Variants)
----- L3 C1BE [all Yariants]
----- [ C1E7CR-16FM
..... [ C157CR-16RM
..... (1] C167CR-4RM
..... [[3 C167CR-L25M

oK I Cancel

e Pressthe OK button
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» To givethetarget of our project a name select the default Target 1
in the project window and click on it. Change the name into
MM167 and press return.

x|

ER= MM 15T

------ 25 Source Group 1

B [§.]@e ]

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

» Click with the right mouse key in the Project Window to open a
local menu. Choose the option Targets, Groups, Files...

;IEI-

Select Device for Target M 167
Options for T arget 'M167

e FilE

[%] Build target F7
Translate Fie
Stom buid

Add Eiles taErowp..

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

Targets. Groups. Files E

Targets Groups / Add Files |

— Group to Add:

ISystem File] Add

— Awailable Groups:

User
Add|Eiles ta ErEum.. | Bemave e |
Ok I Cancel |

» Click on Add and then on OK.
* Your project file structure should now look like this:
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* Now it's time to add some source code to our project. To do so,
click with the right mouse key on tHdser group to open a local
menu. The optiorAdd Files to Group ‘User’opens the standard

filesdiaog.
=
=Y

= [ 5w Selechleviee ton Target T i B
Options for Group 'User’

e File

%] Build target F7
Tranelate File
S bl

&dd Files to Group User'

Targets, Groups, Files...
Remove Group 'User' and it's Files

» Select thefile Blinky2.c.

Add Files to Group "User'

Look i | 3 Blinky2 = =ES

File name: IBIink_l,lZ.c Add
Files of lype: IESourcefile[".C] ﬂ Close |
e Choosing Add adds the Blinky2.c file to your current project
window.
e Close the window.

Now right click on group System Files and add the File
Start167.a66 (You have to change the Filetype to “ASM source
file *.a” seethisfile).
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* Your project window should now look like this:

x|
=224 MM1E7
=% User
BlinkyZ2.c
stem Files
o [&] Start1E7.a6R

-r___ |@ Oe... I

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 startl67.a66. The next step is to modify the C source
before building your project. This includes compiling, linking,
locating and creating the hexfile.

3.3 Modifying the Source Code

* Doubleclick on blinky2.c to open it in the source code editor.

B Blinky2 - pVisi

ion2 - [C:\RapidKit\mm167\Demos\BLINKY 2\Blinky2.c]

Eule Edit iew Project Debug Peripherals Tools SWCS Window Help

Hedd rERmalessmZnml El#A
28 @ mBEloemm

& [ 4 5| R Wmie7 j|
- 7|x| zl
ERETIE D28 = 1; /% init direction to output w
25 User .
"B ke fmile (1) ¢ /% loop forever wy
23 Gystem Fil
E ESZT l‘:;s? 5 Pz 8 =0 /% ogutput to LED port wE
S for (i=0; i<150000; i++) { /% delay for 150000 counts g
wait (): /% call wait function w
Pz 8 = 1: % ourput to LED port L
for (i=0; i€150000; i++) { /% delay For 150000 counts g
wait (): /% call wait function w4
1
}
Br s ] ,

K3}

For Help, press F1

[La7c3 [ [

i
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» Locate the following code section. Modify the section shown
below (the values shown in bold and italic) from the original
(150,000) countsto the indicated values:

while (1) { /* | oop forever */
P2_8 = 0; /* output to LED port */

for (i=0; i<225000; i++) { /* delay for 150000 counts */
wait (); /* call wait function */

P2_8 = 1; /* output to LED port */

for (i=0; i<75000; i++) { /* delay for 150000 counts */
wait (); /* call wait function */

}

Thiswill change the on/off ratio of the blinky program.

3.4 Savingthe Modifications

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

* Notethat theicon is active as soon as you modify thefile.

3.5 Setting Optionsfor Target

Keil includes a Make utility that can control compiling and linking
source files in several 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 al saved in
your project file.
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To configurethe Target:

» Open the Project|Options for Target ‘MM167’ menu and type the
settings for the External Memory as shown below.
* Makesurethat #1 is set to ROM.

Options for Target 'MM167

Target | utput | Listing | £165 | 4185 | L166 Locate | L185 Mise | Debug |
Siemens C167CH-LM
Clack [MHz); |20.0

temary Model: ISmaII: ‘fear’ functions and data j ¥ Use On-chip CAM+=FaM (04000 - 0E 7FF]
Dperating Systen: I Mone j

Data Inear E

—Mear Memary

I‘IB VI KB R |18 VIKBHQM

— Esternal Memaory

Start Sie: Start: Sice:
#1: [rom =] [0 [pezFrF #4 [remt =] | |
12 [Ram =] |umuuuu IUxEFFF #5: [Ran j| |
#3 [ram 7] | | 48 [ran =] | |

oK I Cancel | Defaults |
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To configurethe Output options:

» Select the Output tab and activate the Create HEX-File option.
With this option aINTEL * .HEX file will be created for download.

Options for Target ‘MM167

Target Output | Listing | £165 | 4185 | L166 Locate | L185 Mise | Debug |

| Select Folder for Objects... I Mame of Executable: IBIinky2

¥ Create Executabls; MBlinky?2

I Debug Infarmation r Browse Information

j Stark: I End: I

ELASH Fill Byte: | Offset: |

[~ Create Library: \Blinky2. LIB

—After Make
V¥ BespWhen Complete

™ Run User Program $#1: I Browse. .. |
™ Run User Program #2: I Browse... |

oK Cancel Defaults

e Click on OK
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3.6 Building the Project

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

or press <F7>.

* |If the program specified (blinky2.c) contains any errors, they will
be shown in an error dialog box on the screen.

* |f there are no errors, the code is assembled and linked and the ex-
ecutable code is ready to be downloaded to the board. This is
shown in the Output Window, which indicates "Blinky2" -
0 Errors, 0 Warnings. The code to be downloaded to the board will
be the name of the project with .h86 as filename extension (in this
case blinky2.h86).

2Build target 'MM167' i’

- compiling Blinky2.c...

assembling Startlb7.a6b...

linking...

creating hex file from "Blinky2"...

"Blinky2" - 0 Error(s). 0 Warning(s). =
b

[A[ A>T, Buitd £ Cormand },_Findin Files 7 |l]
[ [Ci7C3 [ RAw |

» |f alist of errors appears, use the editor to correct the error(s) in the
source code and save the file and repeat this section.
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3.7 Downloading the Output File

3.7.1 Downloading with FlashToolsfor DOS

* ExitKell pVision.

* Reset the target hardware and force it into Flash programming
mode by simultaneously pressing the Reset (S1) and Boot (S2)
switches on the Development Board, releasing first the Reset (S1)
and then the Boot (S2) switch

o Start FlashTools for DOS for your miniMODUL-167 by selecting
either the FlashTools (COM1) or FlashTools (COM2) icon within
the PHYTEC Rapid Development Kit|miniMODUL-167 program
group. Which icon you choose depends on the serial port used on
your host-PC to connect to the target system.

» FlashTools will be loaded to the RAM of the miniMODUL-167.
The active loading process isindicated by arotating cursor bar.

Y& FLASHT EXE

FLASH-TERMINAL U1.43
¢C> PHYTEC MeBtechnik GmbH 1997

USING COM2: AT 2688 BAUD

Loading Flash-Utilities:z “_

» After FlashTools has loaded, the main FlashTools menu appears
on the screen.
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M& FLASHT EXE

(c> 1974, PHYTEC MeBtechnik GmbH. D-5512% Mainz

Flash-Devices: AMD 29F@18
Flash—fArea: A8ABABH -B2FFFFH
Software-Protected-Areas : none

#2: none

: none
Mo-ficcess—Areas : BAEFABH-BAFFFFH

= none
= none

Flash status information

Erase entire Flash-fArea

Erase partial Flash—frea

Load INTEL-Hexfile
Software—Reset

Run from address

Erase, Load and Software—-Reset

> Command:

e Enter ‘2’ to choose thd&rase entire Flash-Area command and
enter ‘Y’ to confirm deletion of all unprotected sectors of Flash
memory. You can see the Flash sectors being erased in the
FlashTools window. When the all sectors are erased, the main
FlashTools menu reappears.

» Enter ‘4’ to choose théoad INTEL-hexfile command and press
the function key <F2> to specify the input file.

* The hexfile for download was created during the Make process
and is located in the directory of thainky2 project. Enter the
correct drive and path to thBlinky2 hexfile (default location
C:\PHYBasic\mM 167\Demos\Keil\Blinky2\blinky2.h86).

The download immediately starts. You can watch the process of
the download in the FlashTools window as code transmits via the
RS-232 connection from the host-PC to the on-board Flash

M& FLASHT EXE

Input File: c:“rapidkitmmlée?~demossblinky2~blinky2.h86
Press {F2> to download a HER-—file when using FLASHT
Waiting for INTEL-Hex File...

>>:020008048088FA

»>>:020080400CBAA2F

»>>:180886 A8 FE18 EERERBL ERAYBEFABE6118 7AFA4663
»>>»:188816080FR5 726 F4EB6E38538 DF Y8 FENERAG EBA7DE
>>:180826BPBBEEAS6 118 7AFR46FBS 726 F4BA7?136F54D
>>:86808360PABANB DF6BDE643
>>:18883CAPASS5AASASPAB63F1D1IAB6PAA121AE9BBFF2E
>>:18884CHPAAE ?A40AEL MCAB 1 AE6BANER4E6 BABCFAER
»>2>:18885CAPELAPANAAE: 91 ARAREL A2 40BAEG A8 ABFCBS
»>2>:18886 CAPBS4ABS B E6 FRAR?BELF?0HBAEL FEWBPDAFE
»>>:18887CHRFA1870122D22 ERRSDCA? Y828 2D25FA328F
»>>:18888CARDCAT?848AAF21 BEBAAF2PEFAFA347C3398
>>:19887COPAEF3IA6F30AFDER154C549158685BB8531%
>>:1888ACEPAE4128213DF38D_
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If the selected Flash bank into which you wish to download code was

not empty (i.e. erased), a warning dialog box will appear, indicating

“Ill Target address location not emptyxxxx” where xxxx is the
erroneous address. In this event, press the <Space> bar to return to the
main menu (this may take some time) and selec{Zh&rase entire
Flash-Area from the main menu to erase all unprotected sectors of the
Flash memory. Then repeat the download procedure.

» After the download is finished, FlashTools will return to the main
menu automatically.

» Press function key <F1> and select ‘Y’ to confirm that you wish to
exit FlashTools.

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

» If the modified hexfile properly downloads and executes, the LED
should now flash in a different mode with different on and off
durations.

You have now modified source code, recompiled the code, created a
modified download hexfile, and successfully executed this modified
code.
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3.7.2 Downloading with FlashTools for Windows

» Exit Kell pVision2.

* Render the target hardware into Flash Programming Mode by
simultaneously pressing the Reset (S1) and Boot (S2) switches on
the Development Board and then releasing first the Reset (S1) and,
two to three seconds later, release the Boot (S2) switch

o Start FlashTools for Windows

o At the Seria Interface tab of the FlashTools for Windows
Worksheet, specify the proper serial port and transmission speed
for communication between host-PC and target hardware and click
the Load Flashtools button to transfer the modul based part of the
FlashTools for Windows to the target hardware.

» Select the right protocol (default RS-232) for further use of the
FlashTools for Windows.

* Returning to the FlashTools for Windows Worksheet, choose the
Sectors Utilities tab, highlight Sector #0 in the Sectors Erase
section of the tab and click on the Erase Sector(s) button to erase
this memory sector

e Wait until the status check in the lower left corner of the
FlashTools for Windows Worksheet 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

» Type the complete pathway and name of the file you wish to
download C:\PHYBasic\mM167\Demos\Kei[\Blinky2\blinky2.n86
directory (default location)

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

* Returning to the Communication tab, click on the Disconnect
button

» Pressthe Reset button (S1) on the Development Board.

 |If the modified hexfile properly downloads and executes, the LED
should now flash in a different mode with different on and off
durations
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Y ou have now modified source code, recompiled the code, created a
modified download hexfile, and successfully executed this modified
code.

3.8 “Hello”

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 “Blinky” example starting sgtction 3.2.

3.8.1 Creating a New Project

» Start the KeilpVision2 environment and close all projects that
might be open

* Open the Project menu and create a new project dadlénP.uv2
within the existing project directory
C:\PHYBasic\mM 167\Demos\Keil\Hello2
(default location) on your hard-drive

* Add hello2.c andstart167.a66 from within the project directory to
the projechello2.uv2

» Save the project

At this point you have created a project caltatlo2.uv2 consisting
of a C source file calledheéllo2.c and an Assembler file called
start167.a66.
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3.8.2 Modifying the Example Source

Double click the file hello2.c from within the project window.
Use the editor to modify the printf command:

printf ("\x1AHello World\n")

to

printf ("\x1APHYTEC... Stick It In!'\n")

Save the modified file under the same name hello2.c.
Close the editor window.

3.8.3 Setting Target Options

Modify the default options for the Target by defining the following
external memory spaces:

ROM: Start: Ox0 Size: Ox3FFF

RAM: Start: 0x100000 Size: Ox3FFF

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 an extended
hexfile for download to the miniMODUL-167 after compiling.

3.8.4 Building the New Proj ect

Build the project

If any source file of the project contains any 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 and save the file and repeat
this section.

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

3.8.5.1 Downloading with FlashToolsfor DOS

Exit Keill pVision.

Reset the target hardware to render it in Flash Programming mode

by simultaneously pressing the Reset (S1) and Boot (S2) switches

on the Development Board and then releasing first the Reset (S1)

and, two or three seconds later, release the Boot (S2) switch.

Start FlashTools for DOS for your miniMODUL-167 by selecting

either the FlashTools (COM1) or FlashTools (COM2) icon within

the PHYTEC Rapid Development Kit|miniMODUL-167 program
group. Choose the icon that corresponds to the serial port used on

your host-PC to connect to the target system.

FlashTools will load to the RAM of the miniMODUL-167. The
active loading process is indicated by arotating cursor bar.

After FlashTools has loaded, the main FlashTools menu appears

on the screen.

Enter ‘2’ to choose thd&rase entire Flash-Area command and
enter 'Y’ to confirm erasure of all unprotected sectors of Flash
memory. You can see the Flash sectors being erased in the
FlashTools window. When the all sectors are erased, the main
FlashTools menu reappears.

Enter ‘4’ to choose théoad INTEL-hexfile command and press
the function key <F2> to specify the input file.

The hexfile for download was created during the Make process
and is located in the directory of thello2 project. Enter the
correct drive and path to thHEelo2 hexfile (default location
C:\PHYBasic\mM167\Demos\Kei[\Hello2\Hello2.n86) and press
<Enter>. The download immediately starts. You can watch the
download in the FlashTools window as code transmits via the RS-
232 connection from the host-PC to the on-board Flash

At the end of the download the main menu reappears and the
downloaded code can be executed.
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If the selected Flash bank into which you wish to download code was

not empty (i.e. erased), a warning dialog box will appear, indicating

“Il Target address location not emptyxxxx” where xxxx is the
erroneous address. In this case, press the <Space> bar to return to the
main menu (this may take some time) and selec{Zh&rase entire
Flash-Area from the main menu to erase all unprotected sectors of the
Flash memory. Then repeat the download procedure.

» After the download is finished, FlashTools will return to the main
menu automatically

» Press function key <F1> and select ‘Y’ to confirm that you wish to
exit FlashTools

3.8.5.2 Downloading with FlashTools for Windows

» Exit Keil pVision.

* Reset the target hardware to render it in Flash Programming mode
by simultaneously pressing the Reset (S1) and Boot (S2) switches
on the Development Board and then releasing first the Reset (S1)
and, two or three seconds later, release the Boot (S2) switch.

» Start FlashTools for Windows

At the Serial Interface tab of the FlashTools for Windows
Worksheet, specify the proper serial port and transmission speed
for communication between host-PC and target hardware and click
the Load Flashtools button to transfer the modul based part of the
FlashTools for Windows to the target hardware.

o Select the right protocol (default RS-232) for further use of the
FlashTools for Windows.

* Returning to the FlashTools for Windows Worksheet, choose the
Sectors Utilities tab, highlight Sector #0 in the Sectors Erase
section of the tab and click on tBease Sector(s) button to erase
this memory sector
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 Wait until the status check in the lower left corner of the
FlashTools for Windows Worksheet 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

* Type the complete pathway and name of the file you wish to
download C:\PHYBasic\mM167\Demos\Keil\Hello2\Hell02.n86
directory (default location)

e Click on the Download button and view the download procedure
to the board in the status window

* Returning to the Communication tab, click on the Disconnect
button

o Exit the FlashTools for Windows.

3.8.6 Starting the Terminal Emulation Program

o Start the Hyper Terminal and connect to the target hardware 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.h86 file loaded into the Flash.

o Successful execution will send the modified character string
"PHYTEC... Stick It In!" to the HyperTerminal window.

e Click the Disconnecticon 3|

» Closethe Hyper Terminal program

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

You can use pVision2 Debugger to test the applications you develop
using the C166 compiler and A166 macro assembler. The pVision2
Debugger offers two operating modes that are selected in the
Project|Options for Target|Debug dialog:

 Use Simulator allows to configure the pVision2 Debugger as
software-only product that simulates most features of the 166 /
ST10 microcontroller family without actually having target
hardware. You can test and debug your embedded application
before the hardware is ready. pVision2 simulates a wide variety of
peripherals including the serial port, external I/O, and timers. The
peripheral set is selected when you select a CPU from the device
database for your target.

» Use Advance GDI drivers, likeKeil Monitor 166 interface. With
the Advanced GDI interface you may connect the environment
directly to emulators, OCDS debugging systems or the Kaelil
Monitor program.
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4.1 Loadingthe ExampleFile

Within the default location C:\PHYBasic\mM167\Demos\Keil\Debug
you will find an already build project called Debug.

» Close al possible open projects and open the project Debug.uv2
with the option Project|open Project.

File Edit Wiew Projsct Debug Peripheisks Tools SWCS ‘Window Help
PEEHE | R EE s %A% S [
B |@ B e e m
| S wmer
— iy
-3 MM1E7
= User
: Debug.c
=} System Files
: Start167.266
We..
] 3
uil arman el in Files: |>|J
Reary I ! e ! 72l

4.2 Preparing the Debugger

This example utilises the Monitor interface, which automatically
downloads a special Monitor kernel to the target hardware using the
Bootstrap mode. Depending on the Project|Options for Target
'MM 167’ |Debug configuration, pVision2 will load the application
program and run the startup code.

* Please select the check-boxes nblae: Keil Monitor =166 Driver
and Load Aplication at Startupn the Project|Options for Target
'MM167’|Debug dialog.
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Options for Target "MM 167"

Terget| Output | Listing | C185 | 4166 | L166 Locate | 185 Misc  Debug |

€ Use Simulator

' Use: IKeiIMonitor-1BB Dirivver j

¥ Load Application at Startup

Initialization File:

I Browse. .. | I

[~ Ga till mair()

¥ Load &pplication at Startup

Initishzation Fils:

[~ Go till mairl)

Browse... |

Restore Debug Session Settings Restore Debug Session Settings

v Breakpoints v Toolbox [~ Breakpoints [~ Toolbos

v ‘wiatchpoints & P& [~ ‘watchpoints

V¥ Memary Display ™ Memary Display
CPU DLL: Parameter: Dirivver DLL: Parameter:
|S1EE.DLL | |S1EB.DLL |
Dialog DILL: Parameter: Dialog DLL: Parameter:
|D1 67.0LL |-p1 E7CR |T1 E7.0LL |-p1 E7CR

ok | Cancel | Defaults |

Click on the Settings button in the upper right corner of the
Optionsfor Target "MM167” window.
Select Phytec MM167from the Monitor Configuration listbox. A
short description for the selected module is shown in the
Description section on the right side.

Select the right COM-Port in the PC Port Settings.

— Monitar Configuration

Monitor Driver Settings X |
— Dezcription
onitor for Phptec: Mk 167 Board ;I

Fhutec MM1E7 =l

—PC Port Settings

Port: IEDM 1 vl
B audrate: ISBDD vl

— Stop Program Execution with
" Serial Interrupt or NI
& NI anly

— Cache Optionz
¥ lgnore Code Modifications
¥ Cache Memory
¥ Cache SFR Space

i of

Cancel | Ok I

Click on OK
Click on OK again.
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4.3 Preparingthe Target Hardwareto communicate with the
Debugger

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

* Reset the target hardware and render it in Bootstrap mode by
simultaneously pressing the Reset (S1) and Boot (S2) switches on
the Development Board and then releasing first the Reset (S1) and,
two or three seconds | ater, release the Boot (S2) switch

Since the required microcontroller portion to communicate with the
Keil Monitor 166 will be automatically downloaded using the
Bootstrap mode there is no further preparation of the target system.

4.4 Starting the Debugger

* To start the pVision2 debug environment, click on the debugger
icon|@ | on theuVision2 toolbar. You will see a blue bar growing
from left to right at the button of your screen which indicates the
download process of the Monitor- and Debug-Program.

* If a problem occurs during the data transfer you will see the
following window:

CONMECTION TO TARGET SYSTEM

i| Please resst your target system and select Try
. Again' to regpncronize.

Settings ... | Openg a dialog where pou can zelect the monitor
cohfiguration, seral interface parameters and

Stop Debugging | Stop debugging zezsion

* You could now restart your MM167 as describedettion 4.3
and pres3ry Again or choosesettings... and make sure, that the
right COM-port is selected.
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» |f the datatransfer was successful choose View|Dissassembly
Window and you will get ascreen similar to this shown below.
The project window changed to the register value view and the
debug toolbar is shown. The lower right screen shows the Watch
& Call Stack Window. (If you can’t see one of these enabile it in
theView menu).

§i Debug - p¥ision2 - [Dizassembly]

File Edit Wiew Project Debug Peripherals Tools SWCS Window Help =13 x|

BN e N Ralh e — CléA

@ | |@ e | o & m

& Remed als tE[@EvSOE 2|

——————— 7=l |=»00000000 FAODDEOOD JMPS PC_STARTUP (0zEO) 3

e e B 00000004 DEEEFEEF  SCXT 0xEE,DPP3:0x2FFE

B word 00000008 FAOF7&FC  JMPS 0z0FFC76
-0 053000 0000000C 1FFD BSET R13.1
- 401 000DO00E E777BFBA  MOVE 0277, #0xBABF
2 ov0000 00000012 02400290  ADD CCO,DPPZ:0x1002
_— 03004 00000016 0100 ADDB RLO.RLO
it 0sa002 00000016 0000 ADD RO,RO
1 k0000 000000124 0B40 MUL R4,RO
-6 043540 0000001c 0090 ADD R9,RO
7 (vdBad 0000001E 0000 ADD RO.RO
@ 00018 12: woid stepout(int ) % declare a s:
a 00000 13: <% does not re:
A0 04306 14: ?nt count % gtepout, ste
M 0438d0 15: int total = O:
M2 0s69ed 16:
2 Dellchd =l H for (count = 1; count <= 10; count++)

—F— 00000020 E016 MOV R6, #0x01 -
es (¥ Regs |\JE K = - _"—I

El[x»» Pastricted Version with 8192 Bvte C(;I ﬂ MName |Va\ue |

K|

< |*=** Currently used: 423 Bytes (5%)

b
ASM ASSICGH BreakDisable BreakEnable d
| o [T TR TR Locats A Watch #1 A Watch #2 A, Gall Stack /

[ [ (I R

* You will see the source code on your screen in the Disassembly
Window. Note that you will not see your C source code because
the program starts at 00000H — which is the reset vector - with
some assembler instructions. There is an assembler jump to a
section of initialization code which then branches to your C main
program. In this example you will see the JMPS instruction at
O000H and some parts of the C code.

e Click once or&epinto! ® . You will see the assembly code of
the initialization routine. DISWDT (disable watchdog) is the first
instruction. EINIT (E8H) signals the end of the initialization
routine of the CPU.

e To view the Output window, if not already visible, select
View|Output window.
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At the Output window prompt, 5 type in g,main and press
Enter (notice the comma !) to run the CPU to the start of the
‘main’ function. The program counter will advance to ‘main’.
Note you can press the up arrow key to get the history of keys
typed in the Output Window.

You can single step using ti&eplinto icon ® . You are now
ready to use the debugger window to step through code, set
breakpoints, and issue the Go command to start program
execution. You can examine special function registers, memory
locations, and register values, etc.

4.5 Using the Keil pVision2 Debug Features

4.5.1 Breakpoints

Click on a memory location such as line number 42 first.x++. A
colored bar appears marking this position.

You can click on Run to Curser line *# to reach this point or
you can double-click and set a breakpoint. Set a breakpoint here
with the double-click. The red mark on the left-hand of the
selected line indicates the breakpoint.

Click on RUN and the program will run and stop at the
breakpoint.

Double click on the breakpoint to remove it.

45.2 InLine Assembler

Open the Watch & Call Stack Windows with a click on this
icon &

You could see the actual values of the variable bigcount in the
Watch window.

Doubleclick in line 48 to set a breakpoint.

Click on RUN a few times. This will continue the endless loop
until program execution stops at the breakpoint. See how the
value of bigcount changes with each RUN.

Open the Inline Assembler window by selecting Debug|Inline
Assembly...
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* Move the Window with your mouse to your upper left hand so
you can see your source code and the Watch Window.

» Type the address 0x64 in the Current Assembly Address field and
press Enter on your keyboard. The assembly code at this address
appears in the Current Instruction field. It is the addition of the
variable bigcount with 2.

» Type the assembler instruction ADD R10#3 in the Enter New
Instruction field and press Enter. You could see the change of
your source code at addressOx64H.

* ClosetheInline Assembler window.

» Click on RUN afew times and see that the value of bigcount now
is added with 3 at each run.

* Remove the breakpoint at line 48 with a double mouse click.

4.6 Single Stepping

 The debugger usestép Into” to single step one instruction at a
time. “Step Into” is also used to enter a function in the same
fashion.

« “SepOver” @ means to skip over a function that you are not
interested in.

o “Step Out” # is used to exit a function you are currently in.
“Step Out”isvery useful if you find yourself in afunction you are
not interested in and need to return quickly to your intended
function.

» If the debugger gets stuck, execute a reset using the RESETicon
& located next to the RUN icon. To isolate any problems from
the target hardware board you could use the software simulator
instead of the Monitor. Y ou can also use the hardware reset button
on the board.

* With the cursor on line 42 click on Steplnb until you enter the
function stepout(). Note that you must click on StepIntol0 times
to exit the for loop within the function stepout().
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» Repeat the process using StepOver and you will not enter the
function although it will be executed. Use the command $=\42
within the Output Window to reposition the program counter to
line 42 prior to further code execution. This command takes a line
number preceded by a backslash to set the program counter. The
SepOver feature is useful to skip function calls you are not
interested in debugging.

Note that the SepOut button is grayed out and not available in
Monitor mode. SepOut is available in the ssmulator and provides a
quick escape from a function by executing the next return instruction.

» As you step through the program - the appropriate values in the
Regs window will change colour as their values are updated. Most
of the variables have been alocated to fast internal CPU registers
by the pVision2 compiler.

4.6.1 Memory Window

e If the Memory Window is not already visible, activate it by
selectingView|Memory window from the pVision2 tool bar.

» Type 0x5000 at theAddress: field and press enter. The addresses
displayed in the Memory Window should change starting at this
address. This is the memory area for the variables of the project.

e Set a breakpoint at line 47 (count++). Note that as you [Rass
the contents of the memory changes as the structure values are
incremented at lines 42 through 45. Remove the breakpoint at line
47 with a double mouse click.

* Close the Memory Window
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4.6.2 Watch Window

 If not aready visible view the Watch Window by selecting
View|Watch & Call Sack window at the pVision2 menu.

« The Watch Window displays memory contents as specified by
name. Structures can also be displayed.

» Click on theFiles tab in the Project window and double click on
the Debug.c filename to open it. Scroll down till you could see the
yellow program counter arrow.

I Debug - pVision2 - [C:\RapidKit\mm167\Demos‘\DebugiDebug.c]

El Fle Edi Wiew Project Debug Perip ols VLS Window Help =12
ﬁ%i’“ﬂﬂ|9€ﬁ|ﬂ§z == % Y G =l éh
B8 |a|nm o e

Zl=l second.x = 2: ZI
=i MM | |~ secon d.¥ = 27
=] User
\ T [# [Debuge while(l} { /% atart an endless loop here */
System Fil
= a S ZT ;12537 5 = first.ett: /% increment all the pointers %/
2] Sterlbea second. 7 /% just for something to do 7/
first.y++:
second. x+;
= count? * increment this thing vhile we are hex

stepout(b) ;
bigcount=bigcount+a;

e

Fptr=Tptrea;

i

* multiply war by three using its points

® pay a wisit to the Function for a tim
* add two to this long wariable */ J

L ¥
Files |5P Ress | LB I

Hlxxx Restricted Version with 8192 Byte Cea| A Name
T|®** Currently used: 423 Bytes (5%) A

g, main
5=42
>
ASM ASSIGN BreakDisable BreakEnable -
I | AT R TP Locats A mateh#1 }, Wateh #2 A, Gall Stack /
[ [Ca7ea [ [ (R |

* Click on theWatch #1 tab at the bottom of the Watch Window

e To add variable symbols just click with the right mouse button on
the symbol name in you source code and chcuda “...” to
Watch Window Add the variables bigcount and first to
WatchWindow #1. Till first is a structure with the members x and
y the Watch Window shows a + symbol left from first. Click on +
to see the structure membersx and y.

e Clickinline 42 of the C source code (the line-counter is displayed
at the bottom of the pVision2 window) and cho&sm to Cursor
line from the Debug Toolbar.

* Now choosesep into few times and look how the variable values
are changing in the Watch Window.
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4.7 Resetting Simulator and the miniMODUL -167

Debugger in Simulator mode: When you are using the simulator
(i.e. no connection to target hardware), pressing the Reset CPU
icon & does not cause a running simulation to stop at the
current point of execution. Reset CPU starts the application from
the beginning address (0) again. Press the Halt button to
halt a program under normal conditions.

Debugger in Monitor mode: The Monitor runs in the target
hardware. A Debugger reset sets the IPC to zero and performs
other initialization routines if no user application was started. It is
not as complete as a hardware-reset (pressing S1 on the
Development Board). The best method of stopping a running
application is to press the Halt button rather than the Reset CPU in
Monitor mode. Halt tries to stop a running application when the
'Serial interrupt or NMI’ option is enabled. If this option is not
enabled, adialog box is displayed in which you can select the next

step. This has the advantage of detecting any ‘infinite loop‘ in
which your program might be stuck. With reset, you start again at

address 0.

The PHYTEC Development Board does not have a hardware NMI
button. A NMI is the most reliable way to stop a running program.
This is even more important when you are using the Bootstrap
version of the Monitor because it is difficult to re-synchronize the
Debugger and the kernel. For example, it is not possible for the
Debugger to re-synchronize automatically by pressing the
hardware-reset button (S1) if the monitor has been downloaded
with the Bootstrap Loader. It must be restarted manually by

restarting the Debugger.
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5 Advanced User Information

This section provides advanced information for successful operation
of the miniMODUL-167 with puVision2.

5.1 FlashTools

5.1.1 FlashToolsfor DOS

Flash is a highly functional means of storing non-volatile data. One of
its advantages is the possibility of on-board programming.
Programming tools for the Flash device are delivered with the
miniMODUL-167 in the form a set of executable and binary files that
run under DOS. These tools make use of the Bootstrap mode to
transfer executable code to the miniMODUL-167 that, in turn,
download user code into the Flash. Additionally, the re-programmable
Flash device on the miniMODUL-167 enables easy update of user
code and the target application in which the miniMODUL-167 has
been implemented.

Currently the miniMODUL-167 can be populated with two different
sized Flash devices: a 29F010 with 128 kByte or a 29F040 with 512
kByte. Since a Flash Bank always consists of two of such 8-bit
devices to achieve 16-bit data width and there are two Flash banks,
the miniMODUL-167 can be equipped with 256 kByte, 1 MB, 1.2
MB or 2 MB Flash.

The miniMODUL-167 is mounted with an external programmable
device that functions as an address decoder. This can be used to
derive all four used memory Chip Select signals used by the board
from just one Chip Select signal supplied by the microcontroller
(MODE = 0). Otherwise all four memory Chip Select signals must be
supplied by the microcontroller using its internal Chip Select Unit
(MODE = 1, default).
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We recommend using the microcontroller’s internal Chip Select Unit
because of its high degree of flexible configuration. This is the default
mode of the miniMODUL-167. FlashTools will not properly function
when using the external address decoder to derive the Chip Select
signals.

The current version of FlashTools does not support contiguous
programming of both Flash banks. The standard FlashTools version is
exclusively suitable to program the Flash bank 1.

FlashTools always uses the Bootstrap mode to transfer the required
microcontroller firmware to the miniMODUL-167. Hence, there is no
restriction in using the Flash memory for storing user code.

Before Flash programming FlashTools will adjust the internal Chip
Select Unit and the bus configuration of the microcontroller during
the Bootstrap download. This results in the following programming
memory model:

* Flash Bank 1 using /CSO addressable at 000000H-OFFFFFH
(up to 1 MB Flash)

* RAM Bank 1 using /CS1 addressable at 100000H-1FFFFFH
(up to 1 MB RAM)

Since there is no additional address translation, FlashTools will
download any hexfile to Flash bank 1 using its original addresses.

Using the Bootstrap mode to transfer the required microcontroller
firmware to the miniMODUL-167 ensures that FlashTools maintains
its independent Flash programming capability.
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5.1.2 FlashToolsfor Windows

Flash is a highly functional means of storing non-volatile data. One of
its advantages is the possibility of on-board programming.
Programming tools for the Flash device are delivered with the
miniMODUL-167 in the form a set of executable and binary files that
run under WindowsOx/NT. These tools make use of the Bootstrap
mode to transfer executable code to the miniMODUL-167 that, in
turn, download user code into the Flash. Additionally, the re-
programmable Flash device on the miniMODUL-167 enables easy
update of user code and the target application in which the
miniMODUL-167 has been implemented.

Currently the miniMODUL-167 can be populated with two different
sized Flash devices. a 29F010 with 128 kByte or a 29F040 with 512
kByte. Since a Flash Bank aways consists of two of such 8-bit
devices to achieve 16-bit data width and there are two Flash banks,
the miniMODUL-167 can be equipped with 256 kByte, 1 MB, 1.2
MB or 2 MB Flash.

The miniMODUL-167 is mounted with an external programmable
device that functions as an address decoder. This can be used to
derive all four used memory Chip Select signals used by the board
from just one Chip Select signal supplied by the microcontroller
(MODE = 0). Otherwise al four memory Chip Select signals must be
supplied by the microcontroller using its internal Chip Select Unit
(MODE = 1, defaullt).
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We recommend using the microcontroller’s internal Chip Select Unit
because of its high degree of flexible configuration. This is the default
mode of the miniMODUL-167. FlashTools for Windows will not
properly function when using the external address decoder to derive
the Chip Select signals. The current version of FlashTools for
Windows does not support contiguous programming of both Flash
banks. The standard FlashTools version is exclusively suitable to
program the Flash bank 1.

FlashTools for Windows always uses the Bootstrap mode to transfer
the required microcontroller firmware to the miniMODUL-167.
Hence, there is no restriction in using the Flash-Memory for storing
user code.

Before Flash programming FlashTools for Windows will adjust the
internal Chip Select Unit and the bus configuration of the
microcontroller during the Bootstrap download. This results in the
following programming Memory-Model:

« Flash Bank 1 using /CSO addressable at 000000H-OFFFFFH
(up to 1 MB Flash)

« RAM Bank 1 using /CS1 addressable at 100000H-1FFFFFH
(up to 1 MB RAM)

Since there is no additional address translation, FlashTools for
Windows will download any hexfile to Flash bank 1 using its original
addresses.

Using the Bootstrap mode to transfer the required microcontroller
firmware to the miniMODUL-167 ensures that FlashTools for
Windows maintains its independent Flash programming capability.
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5.2 Startl67.a66

The code within the assembly file start167.a66 is responsible for the
initial controller configuration and the startup initialization of your C
project. This includes adjusting the properties of the external bus
signas and Chip Select signals, setting of the system stack,
initialization of variables and clearing of memory areas.

It is very important that this code will execute prior to the execution
of user code. To ensure this, it is recommended that the startup code
occupy the Reset Vector of the application, which is the location
where the microcontroller starts execution after reset (0x0000). After
performing the initialization steps your individual main() function is
called by the startup code.

Since some of the settings are hardware-dependent, we recommend
use of the prepared start167.a66 from within the default location
C:\PHYBasic\mM167\Tools\Startup. The properties of the external
bus interface are already configured for the miniMODUL-167. You
may want to change the values for the Chip Select Unit.

To accommodate the startup code to the needs of your application
copy it from the directory described above to your project directory.
You can then edit, modify and compile it using the Kaell
macroassembler.

Since the startup code will usually be implicitly taken into
consideration from the default runtime libraries, you must now
explicitly tell your linker to instead consider your individual startup
object file. To do this we recommend adding your modified
start167.a66 file to your project. Be sure that it is always included in
the Link/Lib process of your project (see how to add sourcecode to
your project of pVision2 igection 3.2).
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uVision2 collects all initialization information for pre-initialized
variables (e.g. int i=3;) during compile and link time. This
information is stored within a special segment in the form of a list of
binary data entries. To mark the end of this list, pVision2 adds a
special entry to the list. Whenever the startup code finds this special
entry it ends the initialization of variables and continues executing.
Note that this end of list entry comes from shert167.0bj object file.

To ensure consideration of all of your pre-initialized variables, you
must movestartl67.o0bj to the end of the list of your link files.
Otherwise some of your pre-initialized variables may not be
initialized by the startup code during runtime. It is usually very
difficult to detect such a mistake.

We recommend that you always matart167.a66 to the end of your
projects file list.

5.3 Linking and L ocating

The Linker has to combine several relocateable object modules
contained in object files and/or libraries to generate a single absolute
object.

In addition the Linker must locate several segments of code type,
constants and data to fixed address locations within the address range
of the microcontroller: This ensures the natural or explicitly declared
properties of these segments.

Data segments must always be located in Random Access Memory
(e.g. RAM), code and constant segments should be located in any
kind of non-volatile memory (e.g. Flash). The C166 family has a Von-
Neumann architecture which uses the same read signal to fetch data
and also code or constants. To distinguish between non-volatile and
modifiable memory, physically different memory devices must be
addressable within different address ranges.

To enable easy accommodation of the linking process the Linker
collects segments of equal type to classes.
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The Keil tool chain distinguishes the following classes:

» XCODE: codefor several addressing modes (x =N, I, F, H or X)
« xXDATA: not initialized data for several addressing modes (x =

N, I, F, Hor X)

o« XDATAQO: pre-initialized data for several addressing modes (x =
N, I, F, Hor X)

* XCONST: constant for several addressing modes (x =N, I, F, H
or X)

It is required that all XDATA and xDATAO classes segments are
located to any internal RAM of the C167 or to any externa RAM of
the miniMODUL-167. All xCODE and XCONST classes must also be
located to any internal non-volatile memory (e.g. Flash, OTPROM) of
the C167 or any external Flash-Memory of the miniMODUL-167.

A near address data area (NDATA, NDATAO) must reside in one data
page (16 kByte). A near address code area (NCODE, NCONST) must
reside in one code segment (64 kByte).

To ensure proper execution of your application you must take into
account the runtime Memory-Model when linking and locating. This
means that you must instruct the Linker where to assume external
RAM for locating data classes and Flash for locating code and
constant classes.

The recommended operating mode of the miniMODUL-167 allows
the use of the Chip Select Unit of the C167 to define the physical
memory layout. By modifying the file start167.a66 as part of your
project you can adapt the memory layout to your needs.
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The external use of the Chip Select signals is predefined by the
hardware in the following way:

e Flash Bank 1 uses/CS0 (up to 1 MB Flash)
* Flash Bank 2 uses/CS3 (up to 1 MB Flash)
* RAM Bank 1 uses/CS1 (upto 1 MB RAM)
* RAM Bank 2 uses/CS2 (upto 1 MB RAM)

The default configuration of the miniMODUL-167 has 256 kByte
Flash at Bank 1 (/CS0) and 256 kByte RAM at Bank 1 (/CSL1).

Note that you will see multiple mirrors of a memory device that has a
physical smaller address range than the associated address range of
the Chip Select signal.

For instance if you adjust Chip Select Signal /CSL1 to be active within
an address range of 1 MB and the actually memory size populating
the miniMODUL isjust 256 kByte, you will get three mirrors of your
RAM.

We recommend that you generate a *.m66 map file for your project
and inspect the memory map information within this file. Accurately
compare this information to the physical Memory-Model resulting
from your settings selected within the start167.a66 file.
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5.4 Debugging using Monitor kernel

Whenever you decide to use the pVision2 target debugger or Mon166
target Monitor to debug your application, some special precautions
must be taken into consideration to ensure proper code execution of
your application.

Your application and the Keil Monitor kernel contained in the files
boot andmonitor must share some memory locations within the target
system. If you do not consider the physical Memory-Model already
claimed by the kernel and the memory requirements of the kernel, you
may get conflicts in memory use. This typically leads to variables
containing not their assigned value, functions returning bad results
and modified code.

We recommend the use of thetartl67.a66 within the default
destinationC:\PHYBasic\mM 167\Tools\Mon if you want to debug
your application using the Monitor kernel. This file will adjust the
external bus properties and the Chip Select Unit in exactly the same
manner as did the Monitor kernel.

To obtain information about the memory requirements of the Monitor,
the corresponding memory map fieonitor.m66 is made available
together with thenonitor executable file. This file contains a detailed
memory map of the Monitor and is also located in the default
destination mentioned above.

You must link your application to prevent any overlapping memory

ranges. Since the Monitor also uses some special interrupts for
communication with the host-PC at runtime, you should add a
Reserve: statement for 0x008-0x011, OXOAC-0x0AF to thE66Misc

tab of yourOptions for Target option to reserve at least these ranges.

You should always ensure that segments of your application will not
reach the segments of the Monitor. The Monitor's segments will
usually be linked to the top of the memory, leaving you as much
memory space as possible.
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The Monitor is linked under the assumption of maximum memory
upgrading for Flash bank 1 and RAM bank 1. Remember that you will
have multiple additional mirrors of the physical devices actually
mounted on the miniMODUL-167 if their capacity is less than the
maximum value of 1 MB.

For instance if you have 256 kByte of RAM mounted on the
miniMODUL-167 you will have three additional mirrors of the RAM
within the reserved 1 MB range. Note that in this case al associated
address ranges of 0x40000-Ox7FFFF, 0x80000-OxBFFFF and
0xCO0000-OxFFFFF will actually address the same physical device
address range of 0x00000-0x3FFFF. This means that exactly the same
physical memory location can be addressed using four different
internal addresses. This must be taken into consideration when
verifying your memory mappings.
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Appendices

Appendices

A  Troubleshooting

A.l pVision2 debugger in Monitor mode:

If uVision2 communication to the target system is not successful, it
will error out as indicated in the dialog box shown below. If this
happens, check if the proper serial port is selected or try other baud
rates. The correct speed should be 9,600 baud. Clickrpigain

after forcing the target system into Bootstrap mode again and
reentering communication parameters.

THE SELECTED SERIAL INTERFACE IS EITHER MOT
OF CURREMTLY IM USE BY ANOTHER
Tries to open the zenal interface again. Close the other

program which is using the ame gernial interface or
zelect a different senial interface beforel

Settings ... | Opens a dialog where you can select the monitor
configuration, senal interface parameters and more....

Stop Debuaging | Stops debugging zezsion.

The serial FIFO buffer in Windows 95 can cause transmission
problems. pVison2 debugger may have problems completing the
communication initialization process. This can be intermittent. The
FIFO can be disabled underControlpanel|System|Device
Manager|Port Settings|Advanced. Make suréJse FIFO buffers in this
menu is not activated.
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A.ll Monitor Configuration Error

If Monitor 166 kernel download is not successful, it will error out as
indicated in the “MONITOR Configuration Error” dialog box shown
below. If this happens, make sure that you have selected the right
target hardware unde®ptions for Target|Debug|Settings|Monitor
configuration. This step is crucial to ensure proper communication
between the target hardware and debug environment.

MONITOR Configuration Error

The boatztrap code configuration iz wrong. The

external BAM cannot be accessed because af a wrang

configuration. Please check the zettings in the

COMFIG.IMC file of pour Moritor installation -or-

copy the preconfigured * MON' and * BOT' files

provided by the hardware manufacturer into the MMOMITOR'

directory! Possible reasons are:

- wrong bus-type, waitstate or WH_CFG setting

- wrong of missing BUSCOM1 and ADDRSEL] intialization
when Fak iz connected to C51 [Chip Select]

- wrong code address area of Monitar
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