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ance with instructions for use provided with the affect its safety or effectiveness.

product, can be reasonably expected to result in
significant injury to the user.



KYI@ MDT1 TRAINING BOARD

Exercise Manual for the ST7 MDT1 Training Board

INTRODUCTION

This Exercise Manual is intended for people getting starting with ST7 microcontrollers or
writing ST7 Assembly or C Code for the first time. It provides practical guidelines for per-
forming the exercises using the ST7 MDT1 Training Board and familiarizes users with ST7 pe-
ripherals and software tools.

A CD-ROM containing the exercise sessions is included with this document. The CD-ROM is
used to install the exercise sessions on the hard disk drive of your PC along with all the envi-
ronment files (located in the INIT directory) and source files for the solutions (located in the
RESULT directory). The batch files used to compile, assemble and link your programs are
also provided. To simplify the use of the Hiware C exercises, use the default configuration
when installing the software.

To install the exercise sessions, insert the CD-ROM into the CD driver, and the autorun pro-
gram is then self-executed. Click on “Install your Development Tools”, “ST7 Tools”, and finally
“Exercise Session”.

The exercises that you will develop in order to become familiar with the MDT1 Training Board
are described below.
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ST7 MDT1 TRAINING BOARD DESCRIPTION

1 ST7 MDT1 TRAINING BOARD DESCRIPTION

The ST7 MDT1 Training Board is designed to support both an Emulator probe or an ST7 de-
vice (FLASH, EPROM, OTP or ROM) in a SDIP32 package. To do this, a reset system and a
16-MHz crystal are connected to dedicated pins.

1.1 OVERVIEW

The ST7 MDT1 Training Board is supplied ready-to-use in order to test and verify all the exer-
cises given in this manual. Additional hardware functions can be implemented by installing
components in the wrapping zone.

Figure 1. ST7 MDT1 Training Board

Power Supply
Connector

TP1: Jumper used
to change the
reference voltage

SDIP32 connector for Emulator
probe, EPROM or OTP

y

TP3: Jumper used
to change oscillator frequency.

Aav T
[rontn
E

S5

LA
7BEs

AT
Bl
EREED

Cz—TTT
P

ZOME A WRAPPER

ST7Y MDTH
TRAINING

(8

== 838 33
alg tg)n 5
BRI

OHY¥O0E J1a

]
.m
G

JP

7 [STaTe 1]
O aI15F

—ra
GD
|ole

1353H |0
1358 O
TH

Y LYOdAl
A10d5l

{BEE}
®F
p>

B IRRDAT WBERT_ NLL.
DIL32 SHRINK

CT

zd
o}

SPI Memory
& Connector

-
Serlal Number

FAT
P».z o
TPE

—| —1
,,E,‘u ‘IJ 'u
.

2 OCMEL_B

TFEEE o

PCS

e & ofF

H1E et =

Pr_‘r TP17|'] ( l
G AINE

l
CooaTPE

LD?’ LDB L'DE LD‘T— L'D3 LDZ LDI LDB

~EOEEE®®®

PE’! F'EI? F'E!B F'BE PB4+ FBZ F'EZ PE! F'E

Uz [ ] ;
Bl |-
[ |
CH TP4 ag 5 “
Pe3 50
InﬂG]OO
(=] e
4849944 T e
?‘ GND DD
H outputs
01. 1BaPF [C9
on LEDs
G
EEEE g
[zl ==
IT EXT RESET VIC (oo
wa | m - pr S
E S I sol0y o2
= 5 i ]
— |SW-PLSH G- FLIEH L{Funa O O |2C M
E [ i emory
A8 Ciz (] | & Connector
B s

All ports may be connected
through the wrapping area.

Push button tying low
the PAO pin for
external interrupt

Trimmer connected to
an ADC input on pin PC5

RESET
Button

For more details, please refer to the schematic drawing in the appendix.
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ST7 MDT1 TRAINING BOARD DESCRIPTION

1.2 POWER SUPPLY

This board is supplied with an AC/DC converter and a 5-volt regulator (Vcc =5 V). The refer-
ence voltage may be modified by removing jumper TP1 and connecting the new reference
voltage as shown in Figure 2.

Figure 2. How to Change the Voltage Reference

From External Generator '\
VCC Regul VCC Board GND VCC Regul C Board GND
— OHONONO O éE O ;B OHO

TP1 TP2
) TP1 TP2 O
2 - Connect the new
LM _ LM reference voltage
7805 1 - Remove jumper TP1 7805
MDT1 Training Board MDT1 Training Board

When the Emulator probe is connected, the LEDs can be activated (when bit PBx is set) and
port signals will be displayed even if the board is not powered-on. The A/D Converter and the
push-button switch requires a 5V power supply (pins Vcc & GND) to be operational.

1.3 OSCILLATION SYSTEM

The board is designed to be used with an on-board 16-MHz crystal. But, an other clock signal
may be connected via the OSCIN pin. In this case, remove jumper TP3 and connect the ex-
ternal clock signal to the OSCIN pin as shown in Figure 3.

Figure 3. How to Change the Oscillator Frequency
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ST7 MDT1 TRAINING BOARD DESCRIPTION

1.4 12C SERIAL COMMUNICATION

An external EEPROM memory with an I12C serial interface is connected to the I2C pins of the
ST7 socket as shown in the following figure. The serial EEPROM may also be disconnected
and the I12C bus used for other communications. This hardware configuration is used to imple-
ment application note AN971 “I2C Communications between ST7 and E2PROM”".

Figure 4. How to use the 12C Connection

Using the On-board I2C EEPROM Using the 12C BUS
< <
N N
S | L
o o 9 o o 9
0 0
ST7 12C e ST7 12C i
. VCC . VCC
pins sCL pins scL
SBA SBA
MDT1 Training Board GND MDT1 Training Board GND
JP3 JP3
Install all the jumpers on the 12C connector. Remove the jumpers and use left connector side.

1.5 SPI SERIAL COMMUNICATION

An external EEPROM memory with an SPI serial interface is connected to the SPI pins of the
ST7 socket as shown in the following figure. The serial EEPROM may also be disconnected
and the SPI bus used for other communications. This hardware configuration is used to imple-
ment application note AN970 “SPI Communications between ST7 and E2PROM”".

10/37
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ST7 MDT1 TRAINING BOARD DESCRIPTION

Figure 5. How to use the SPI Connection
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Install all the jumpers on the SPI connector. Remove the jumpers and use the left connector side.

1.6 ISP (IN-SITU PROGRAMMING) CONNECTOR

This connecter is used to program Flash devices using ISP protocol. If the ST Programming
Tool is used, connector JP1 must be connected to the cable provided with the ST Program-
ming Tool and the board has to be powered-on.

Figure 6. How to use the ISP Connector

ST Programming Tool cable Other programming tool cable

ISPDATA

— ISPCLK

— RESET

____ISPSEL

JP1
2 10 2 ! 10
1 9 ISP 1 9 ISP
MDT1 Training Board MDT1 Training Board

This connector may also be used with a tool other than the one provided by ST. In this case,
use the connections as described in Figure 6.

11/37

4




ST7 MDT1 TRAINING BOARD DESCRIPTION

1.7 1/0 PORT FUNCTIONALITY

All /0 port pins are accessible through external connectors (TP4 for port A, TP13 for port B
and TP15 for port C).

1.7.1 Port A

The PAO pin can be used to generate an external interrupt. It is connected to the ground via
the push-button switch.

1.7.2 Port B

This port is connected to 8 LEDs. It can be used to visualize 8-bit words (e.g. the result of an
A/D conversion).

Table 1. Port B Alternate Functions

PBO ICAP1_A Timer A Input Capture 1
PB1 OCMP1_A Timer A Output Compare 1
PB2 ICAP2_A Timer A Input Capture 2
PB3 OCMP2_A Timer A Output Compare 2
PB4 MOSI SPI Master Out Slave In Data
PB5 MISO SPI Master In Slave Out Data
PB6 SCK SPI Serial Clock
PB7 SS SPI Slave Select

1.7.3Port C

The PC5 pin is connected to the trimmer output. An analog voltage can be converted on
Channel 5 by the A/D Converter.

The PC1/OCMP1_B pin can be connected to an analog filter via jumper TP14. The filter output
can be connected to an analog input via jumper TP16.
The other pins have a double use:

— As shown on the following table, these pins are alternate functions of Timer B. They can
be used to display the output signal of Timer B on an oscilloscope.

— As analog input pins.
Table 2. Port C Alternate Functions

PCO ICAP1_B/ AINO Timer B Input Capture 1 Analog Input 0
PC1 OCMP1_B/AIN1 Timer B Output Compare 1 Analog Input 1
PC2 CLKOUT / AIN2 CPU Clock Out Analog Input 2
PC3 ICAP2_B/ AIN3 Timer B Input Capture 1 Analog Input 3
PC4 OCMP2_B/ AIN4 Timer B Output Compare 1 Analog Input 4
PC5 EXTCLK_A/ AIN5 Timer A External Clock Analog Input 5

4
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SOFTWARE INSTALLation

2 SOFTWARE INSTALLATION

To do the following exercises, the following software packages must be installed.

2.1 ST7 ASSEMBLY TOOLCHAIN

The ST7 Toolchain is installed from the ST7 CD-ROM (welcome.pdf page) or directly from the
ST Internet site (st7.st.com).

When the software installation is completed, click on “Finish” and reboot the PC in order for
the autoexec.bat modifications to be taken into account.

2.2 STVD7 DEBUGGER

We use the new 32-bit STVD7 Debugger developed by STMicroelectronics. This is a basic
IDE (Integrated Development Environment) that uses the same environment to edit, build and
debug applications.

This software is available from the STMicroelectronics Internet site (mcu.st.com) or from the
“MCU ON CD” CD-ROM.

2.3 REALIZER

The Realizer is a graphic software application developed by ACTUM, a third-party manufac-
turer. The latest version of this software, Realizer Il, may be obtained by contacting ACTUM
(www.actum.com).

2.4 HIWARE AND COSMIC EVALUATION VERSIONS

Both these third-parties have developed a C-Compiler for ST7 microcontrollers. An evaluation
version of each compiler can be installed from the “MCU ON CD” CD-ROM.

2.5 EXERCISE SESSIONS

The exercise sessions may be installed from the “MCU ON CD” CD-ROM (“Install your Devel-
opment Tools”, "ST7 Tools” and " Exercise Sessions”).
The exercises are located in 3 directories:

— Doc: This directory contains the exercise booklet included with the Training Board.

— Init: This directory contains all the files for each exercise. In the main modules, you will find
the corresponding comments, you have to fill them with the right code.

— Result: This directory contains all the results of the exercises.

4
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EXERCISES

3 EXERCISES

3.1 EXERCISE 1: ASSEMBLER SYNTAX

The purpose of the first exercise is to improve your knowledge of the ST7 Assembler syntax
and the STVD7 environment.

1. Launch the STVD7 Simulator:

Configure the Toolchain paths as required. The Assembly toolchain path is already entered.
For Hiware, the correct path is C:|Hiwarelprog and for Cosmic: C:|Program Files\cosmic
softwarelst7evallcxst7. If the default paths were selected during the install procedure, a
Browse function is provided for entering the correct path.

Create a new project:

— Click on “File, New Workspace” and enter the requested information (see Figure 7.)

— Click on the “Source Directory” tab in the Workspace window and double click on the di-
rectory. The working directory is proposed by default.

. Modify the files located in the following environment (C:lexerciselinitlasm, see Figure 8.) to

correct the assembler syntax. Some syntax errors have been introduced by replacing cor-
rect directives or piece of code by ‘????7?".

. When the program has been corrected, write the batch file compile.bat to assemble, link

and create a .S19 file (assign a new name to this file). The batch file also generates the
S19, SYM, MAP and OBJ files. For further assistance, please refer to the Technical
Manual.

4. Then, click on “Project, Build’ or directly on the Build shortcut to build your application.

5. Detected errors are displayed in the Output window. Double-click on the error to display the

line of code. Correct the errors and then rebuild.

. In order to debug, click on the blue “D” displayed in the tool bar. Then, select “Tools, MCU

Configuration” to configure the MCU (ST72254G2) and the option byte (Watchdog soft-
ware,...).

Now, the rest is up to you...

14/37
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Figure 7. STVD7 New Project
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EXERCISES

Figure 8. Environment Files
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3.2 EXERCISE 2: USE OF THE 16-BIT TIMER IN ASSEMBLY LANGUAGE

Starting with a similar program frame (New Project: File, New Workspace), design a software
program for the ST72254 that:

1. Generates a PWM signal on pin PB1 (frequency: 40 kHz, duty cycle: 20%).

2. Generates an interrupt every period and toggles the PBO pin defined as a push-pull output
(square wave at 20 kHz).

Refer to the ST72254 datasheet for the correct use of the timer in PWM mode.

The microcontroller uses a 16-MHz crystal, and must be configured in Normal mode. For the
best accuracy, select the “Divider by 2” function for the timer clock.
« Write a main program that:

— Configures the PBO pin as a push-pull output.

— Enters the calculated value for the pulse length and the period length in the TAOC1R and
TAOCZ2R registers using the datasheet formula.

— Configures the 16-bit timer in PWM mode.
— Enables the interrupt process and wait for interrupts.

« Write an interrupt routine which toggles the PBO pin and clears interrupt flags ICFland
ICF2.

In this exercise, the entire structure is given, but only the comment lines have been kept. You
have to enter the correct ST7 code by using the comments.

3. Check the validity of your software by visualizing the signal on the PBO and PB1 pins with
an oscilloscope or by using the ST7 Waveform Editor after performing an STVD7 Debugger
simulation.

When an application is run on the simulator, a port.out file that contains all the pin changes is
automatically generated. It is used to check the operation of the application without using any
hardware.

You should obtain the following timing diagram:

Figure 9. PWM Timing Diagram

PB1

PBO

0 25 50 t (us)
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EXERCISES

The hardware registers and mapping file (ST72254.asm) are printed in the appendix. The la-

bels of the hardware registers are also listed in this section. The environment files are shown
in Figure 10.

Figure 10. Environment Files

Open |
Look ir: I 3 Pwm j

.......................

E Pwrn.asm Batch file to create
) _—

E 572954 asm )_\ Program file to be designed

E 572254 inc Hardware register map files
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3.3 EXERCISE 3A: USE OF THE 16-BIT TIMER IN HIWARE C LANGUAGE
3.3.1 Purpose of the Exercise

The purpose of this exercise is to use the Hiware C Toolchain to write a program that performs
the same PWM functions as in the previous exercise, but using the following environment.

Figure 11. Environment Files

Look in: | =3 C254_hi - ck|

................

[ Sources

Default. ey
E rvire. mak,

B E rving. prm

B F rvino_panta. prm

File narne: |°‘_°‘ Open

Files of twpe: | Files [+.%] =] Cancel

&

Files that can be used for both the STVD7 and PANTA toolchains are located in the root direc-
tory.

« For STVD7: The Hiware C Toolchain paths are configured through the Default.env file.
Therefore, the existing file must be adapted to selected the Hiware installation path. The
linker parameter file (enviro.prm) and the makefile (enviro.mak) are also provided.

« For PANTA: The linker parameter file (enviro_panta.prm) is provided.

All files are ready-for-use, except for the main.c and itenviro.c files. In order to be able to use
these files, the following procedure must be completed:

« In the main.c file, write the instructions that:

— Configure pin PBO as a push-pull output.

— Enter the calculated value for the pulse length and the period length in the TAOC1R and
TAOCZ2R registers using the datasheet formula.

— Configure the 16-bit timer in PWM mode.

— Enable the interrupt process and wait for interrupts.
« In the itenviro.c file, write an interrupt function that:

— Toggles pin PBO.

— Clears interrupt flags ICF1 and ICF2.
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EXERCISES

3.3.2 Hiware C Evaluation Program with STVD7

When using the STVD7 Debugger, carry out the following procedure:

« Create a new workspace by specifying the Hiware toolchain in the project settings.
« Enter the name of the makefile (enviro.mak) in the project settings.

« Adapt the provided default.env file, if necessary.

« Modify the source files, according to the purpose of this exercise.

=« Build.

Then, you can debug your application by using STVD7 in Debug mode.

3.3.3 Hiware C Evaluation Program with PANTA

When using the PANTA IDE, carry out the following procedure:

« Create a new project space. A project space is a collection of projects. Within this space,
projects which are linked can be grouped. To create a new project space, open PANTA and
click on “Project, Project Space, New'".

« Enter the path of your new project space. In this example, it is C:\Exercisellnit\C254_hiw
Imy_space.psp. (You can browse your directory tree by clicking the Browse button.)

Figure 12. Create a Project Space

Create a New Project Space

Current Directany:
C:AEmercizehlnithC254_hiw

Filenane:

II:: WEmercizehlnithC254_hivhmy_zpace. pzp

v | ook in zame directary for external workspace —
WWiorkzpace:
Type:

= | futo sy workspace

Browsze... | 0k Cancel | Help

« Inthe Project Properties window, enter a new project (same directory) by clicking on the first
icon (see Figure 13.). Choose a name for the project itself (my_project.pjt, for example).

4
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Figure 13. New Project

| M embers I Taonlz I Errars I Filters I E revironment I CPU I
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Add Hew Project to Project Space
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v | ook in zame directary for extemnal makefile
bd ak efile:
Type:
ojects = | ot sune makefie
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Browsze... | k. Cancel | Help

« In the Project Properties window, in the Members sheet, add all required sources files (*.c,
*.h, *.prm,...) by clicking on the third icon (see Figure 14.).

Figure 14. Files Added to Project

Directories I Members I Toolz I Errors I Filters I E nwironment I CPU I
Froject: C:hErercizehlnithC254_hivhmy_project. pit

Files:

-\ perciselritsl 20d. Rt oLrCess ain. ¢
C:AEwercizehlnithC254_hiw'Sourcesltenviro.h o )
C:AEsercizehlnithC254_hiwhS ourceshltenviro. o “Add existing files
C:AEmercizehlnithC254_hivhS ourceshLib_bitz.h to project” icon
C:AEmercizehlnithC254_hivhS ourceshMap?2254.h
C:AEmercizehlnithC254_hiwhSourceshMap?2254.c

« Inthe CPU sheet, select ST7, leave the MCU derivative field with its default setting (except
if you add your own prm file in C:\Hiware\templates\st7\prm), and select the debugging
method (Simulator or ST MCU target interface for the DVP or emulator).

« In the Environment sheet (NB: this step is not necessary if all project files are located in the
same directory):

— Add a new path for the General Paths (“.Isources”) by clicking on the white cross icon (see
Figure 15.)
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Figure 15. Add a Path to the Project

(SB[ ] 4]

“Add Path” icon

— Modify the existing path (just “.” for the current directory) for the Object Paths (“.lobject’).
— Modify the existing path for the Text Paths (“.lobject”).
— Modify the existing path for the Absolute Paths (“.lobject”).
— Add a new path for the Header File Paths (“.lsources”).
» In the Environment sheet, change the Link Parameter file to “.|\Enviro_panta.prm”

« EXxit the Project Properties window by clicking OK. The left panel of PANTA IDE should look
like the following picture.

Figure 16. Project Files in PANTA

C254_hiw [1 Praject]

=62 C254_hiw (7 Files)
Ea Source Files

- ITEMWIRO.C

[ MAIN.C

- MAPT2254.C

[E1423 Header Files

- ITEMWIROH

~[ LIB_BITS.H

-[ MAPTZ254 H

-1 Resources

SES} Other Files
D E rwiro_panta.prm

« Modify the source files, according to the purpose of this exercise.

« Build by pressing the F7 key or by clicking on “Project, Build”. Detected errors are displayed.
Double-click on the errors to automatically display the line of code. Correct the errors and
then build again.

Then, you can debug your application by using the HIWAVE Debugger (select “Project,
Debug”).

You can also use STVD7 by opening STVD7, creating a new workspace and selecting the
generated .abs file.

4
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3.4 EXERCISE 3B: USE OF THE 16-BIT TIMER IN COSMIC C LANGUAGE

The purpose of this exercise is to use the COSMIC C Toolchain to write a program for per-
forming the same PWM functions as in the previous exercise, but with the following environ-
ment.

Figure 17. Environment Files

Open

Loak, i I £ C254 coz

2 lo72254 0

[tenviro.h

E Hainc
Prn. bat
Purr Ikf

E vectorc

File name: I Open I
Filez af ype: I.-’-'-.II Files [*.7] j Cancel |

[T Open az read-only

The linker parameter file (pwm.lkf) has been put in the working directory.

You can use STVD7 Debugger or the IDE from COSMIC (IDEA). The working directory is
C:\Exercisellnit\C254_cos.

All files are ready-for-use, except for the main.c and itenviro.c files. In order to be able to use
these files, the following procedure must be completed:

« In the main.c file, write the instructions that:

— Configure pin PBO as a push-pull output.

— Enter the calculated value for the pulse length and the period length in the TAOC1R and
TAOCZ2R registers using the datasheet formula.

— Configure the 16-bit timer in PWM mode.

— Enable the interrupt process and wait for interrupts.
» Also in the main.c file, write an interrupt function that:

— Toggles pin PBO.

— Clears interrupt flags ICF1 and ICF2.

3.4.1 COSMIC C Evaluation Program with STVD7

When using the STVD7 Debugger, carry out the following procedure:
» Create a new workspace by specifying the Cosmic Toolchain in the project settings.
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« Use the given batch file (pwm.bat) to build the application.

« Then, debug the application using the STVD7 Debugger in Debug mode.
3.4.2 COSMIC C Evaluation Program with IDEAST7

Cosmic has developed an IDE called IDEA for all ST7 devices.

To use the IDEAST?7, carry out the following procedure:
« Open IDEA and click on “Project, New".

« Right-click on the proposed path in the workspace window (by default: C:|Program
Files\cosmic softwarelst7evallcxst7, see Figure 18.) and click on Update. Browse and select
the working directory. If another path is selected, modify the path name in the pwm.Ikf file.

« Putall .cfiles in the “Files” directory in the workspace window (right-click on Files and select
Add file) so that the make and/or build tools may be used.

« To edit files, right-click on the file to be edited and select Edit.
Figure 18. Workspace Window

- @ Files

- [T chexercisebinithc2564_cos
----- = Defines

----- @ Include Paths:

----- Object Paths:

= Tools

@ Compiler

~fsm  Azsembler

- Linker

~TE Builder

Jfog. Object Inzpector
e, Hew Converter

Prg,  Debug Info Examiner
B Abzolute Lister
Yeeg  |[EEER95 Converter
-3¢ Debugger

x Debugger:

----- & Documentation

I=l...Ix1

All tools must be configured. To do this, right-clicking on each tool and select Options:
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« Compiler (see Figure 19.):

—In the General tab, select the Long Range Stack model as the memory model, and Ver-
bose mode to be able to see all compiler passes.

—In the Miscellaneous tab, select Generate Debug Information to be able to debug the ap-
plication with ZAP or STVD?7.

Figure 19. Tool Configuration

Compiler Options

(8 General |@ Dptimizerl [ Listingsl (& Miscellaneuus' (B2 User FIags'

O ptions

erbose Mode

Ize Long Range Stack Model

Command

cwztd v -l +debug +modzl

K I Cancel

« Linker:

—In Output to file, with the FIND icon, select the path and the name of your file (in the ex-
ample, pwm.st7).
—In Command file, select the linker file (in the example, pwm.lkf)
« Builder:
— Check the “Run User Utility 1" box and enter: “cvdwarf pwm.st7 pwm.elf". This tool is the

CV/DWARF convertor which generates the .elf file that must be loaded into the STVD7 in
order to debug the application. Add this tool (cvdwarf.exe) along with the default ones.
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When everything is configured, edit and complete the main.c file. Then, click on the Build icon

to build the application.

Detected errors are displayed. Double-click on the errors to automatically display the line of
code. Correct the errors and then build again.

Select the debugger in the Tools menu in the workspace window and then launch it (for ex-
ample, the STVD7 simulator in order to generate the port.out file).

4
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3.5 EXERCISE 4: BASIC USE OF THE ADC

The purpose of this exercise is to write a section of code that is able to read an analog voltage.
This voltage is the output of the trimmer and is connected to the PC5 pin which is the analog
channel 5. The result of the conversion (an 8-bit word) must be output on the LEDs connected
to port B.

The ST72254 environment in assembly language, the structure of the main module and the
batch file for compiling efficiently is located in the ADC directory.

The program in the exo4.asm module must be written as follows:
— An ‘init’ sub-routine where port B and PC5 have to be initialized,
— An ‘init-adc’ sub-routine where the ADC is initialized, including a 30 ps wait loop.

— The main program which waits for the end of the current conversion and outputs the result
on port B.

To begin, create a new project under STVD7. The working environment file is described in
Figure 20.

Figure 20. Working Environment

Open
Loak. i I £ Ade j

Erodaom —
=15t exod.bat Module to complete

E 572254 azm >\ Batch file to create
E s5t72254 inc Hardware register map files
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3.6 EXERCISE 5: SWITCH ON A LED EVERY 0.5 SECONDS

In Assembly language, this exercise can be done in 3 steps.

— Switch on and off a LED every 0.5 seconds.
— Shift the LED from PB, to PB,,; with the previous time base.
— Double the frequency by pressing the push button switch on the board.

The results of each step of your application can be checked on the Training Board.
3.6.1 Step 1

The purpose of the first step is to use the Output Compare capability of the timer to create a
real-time clock. The internal time basis is 0.5 sec. Every 0.5 seconds, a timer interrupt
switches on a LED connected to PB0O and switches it off after the same period.

The microcontroller uses a 16-MHz crystal, so it must be configured in Slow mode and the “Di-
vider by 8" function selected for the timer clock.

Write a routine called “init” which contains the port BO configuration (push-pull output) and
puts the MCU in Slow mode.

Write a routine called “init_timer” which contains the code used to configure the timer (output
compare interrupt enable, fimer =fcpy / 8) and fills the Output Compare 1 register with the
time base value. This value is declared as a word and is initialized in the constant files.

Write the “tima_rt” timer interrupt routine which checks if the OCF1 bit of the status register
generates the interrupt, switches the LED connected to PBO on or off, adds the value
corresponding to 0.5 sec to the contents of TAOCLR register and clears the OCF1 or OCF2
bit to clear the interrupt request.

The main program calls the two initialization routines and enters an infinite loop after
resetting the interrupt mask.

3.6.2 Step 2

Using the same time base and the previous code:

Modify the timer interrupt routine to shift the activated LED from PB, to PB,.4. The content
of port B is stored in the 8-bit “shiftdata” word. This data has to be declared in the constant
files and initialized in the main program.

In the “init” routine, configure all port B pins as push-pull outputs.

There will be no wait time between the moment the activated LED switches from PB7 to PBO.
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3.6.3 Step 3

Using an external interrupt on PAO (pressing the push-button to hold the PAO pin low) double
or divide by 2 the timer frequency.

« Write the ‘extO_rt’ external interrupt routine which processes the frequency change each
time it detects that the button has been pressed. The timer frequency can be changed either
by modifying the CC0O and CC1 bits of the TACRL1 register or the TAOCLR register value.

« Modify the “init” routine to configure the PAO pin as an input with interrupt and to select the
rising or falling edge interrupt sensitivity.

To begin, create a new project under STVD7. The working environment file is described in
Figure 21.

Figure 21. Environment File

Open
Laak ir: I £ led byZ j

E iConstant. asm:

E Constant.inc
E ExcB.azm
St_exob.bat

E Sl?2254.68m~ Batch file to create
E 572254 inc Hardware register map files

Module to complete
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3.7 EXERCISE 6: ADC AND LED WITH REALIZER

This exercise uses the REALIZER software to read the analog input of a port pin (PC5) and to
display the voltage value on LED indicators as follows:

OVv-1.5v 1st LED connected to PBO
1.5V- 3.5V 2nd LED connected to PB1
3.5V- 5V 3rd LED connected to PBO

3.7.1 Installing ST7 REALIZER Software on your PC
Double-click on the REALIZER icon to start the tool after having installed the software.
Figure 22. REALIZER Menu

fg Analyser
@ How to create my own symbol

Readme

& pealizer

@ Reference quide
Sehzlib Converter

@ Sirulatar

@ Sytnbol overview

3.7.2 Drawing the Application Schematic Diagram

« Select the following from the File menu:

— New Project. Enter the name of the directory where you would like your schematic diagram
to be stored (c:\exerciselinit\realizer\).

— New: Enter the filename of the schematic diagram (adcode.sch).
» Select the ST72254G2.dll hardware from the Options | Select Hardware menu.

Figure 23. Target Hardware Selection Menu

= Current: 57225161.bLL Select target hardware m

= =3 Target hardware devices ﬂ
0 STE BBit MCU
=9 5T7 8Bit MOl
{:l ST7210x 16-Bit Timer, SPI
{:I STF212% Two 16-Bit Timers, SFI, SCI
{:I ST?Z2w AJMD Conwerter, SPI
E}a ST7225 A/D Converter, Two 16-Bit Timers, 5PI, [2C
: «.ﬂn\\‘ ST72251G1 Bk ROM, 256 Bytes RAM

ST72251G2 8K ROM, 256 Bytes RAM -|

Cancel |

» Select the symbols from the Object/ Library Symbol | Mainlib menu.
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Figure 24. Main Library Menu

MAINLIE
B

add2 Flace| Select and place the symbols using these windows. You

and? ) i )
angi Infa | may also obtain useful information about the symbols by
andE clicking on Info.
anda

average

bpack.

bunpack

change -

« Place them on your diagram. In this application, the adc, comp, inv, or, and, digin and digout
symbols may be used. Connect them with wires using the smart icons.

51+

3.7.3 Analysing the Created Schematic Diagram

Once the schematic diagram is finished, launch the Analyse /| Go menu and check for any er-
rors. The following window may be displayed.

Figure 25. ST Analyser Status Window

5T-Analyser Status E

Statuz: 4 WWarnings.

Creating Metlist 0k
Creating Crosz Reference (1]
Analyzing k.
Generating Final Code 0k
Executing Target Compiler (1]
Creating Repaort File QK

............ |j K

This action will create the asm, Ist, map, and S19 files. The adcode.s19 file can be directly
used to burn a chip with the Windows EPROMer or it can be loaded in the WGDB7 debugger.

4

31/37




EXERCISES

3.7.4 Simulating the Created Schematic Diagram

« Launch Simulate | Go menu. f no error is detected during Analyse, a new window will be
displayed.

» Select File /| New and enter the filename of the schematic diagram (adcode.sch). The
schematic diagram will be displayed on the screen.

» Click on the wires to be monitored. Input and Output probes will be suggested (Bold Icons
in menu bar). Select the one required.

» Once all probes are implemented, launch Run/ Initialise and Startthe simulation. Check the
correct behaviour of your application through the schematic simulation window.

Figure 26. ST Simulator Window

F"j S5T-Simulator - [D:YREALSTAEXAMPLESYADCODENADCODE . SEF]
File Edit Display Action 0Object Log Stimuli  Bun Options MW indow Help

Dl - (51 2] =

]
€
‘ — y
[ | |oo:0o00215

3.7.5 Checking with the ST7/MDT1 Training Board

Check that the adcode.asm, adcode.Ist and acode.s19 files have been generated. Load the
WGDBY7 with the adcode.s19 file and check the application by plugging the emulator probe on
the MDT1 Training Board.

You can also burn a chip with an EPB, a starter kit or a development kit using the Windows
EPROMer software.

4
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4 APPENDIX 1: ST72254 REGISTER AND MEMORY MAPPING FILE

The following lists the contents of the ST72254.asm hardware register file.

st7/

R S S S S S S I I O S O R R R S R R R I I I R S O S
; TITLE: ST72254. ASM

; AUTHOR: CMGM crocontrol | er Application Team

; DESCRI PTI ON: ST72254 Regi st er and nenory nmappi ng

EEE R I R I I I I I I I I I R R I R I I I I I I S I I Rk S R I I I I S S
i

BYTES ; foll owi ngaddresses are8bit | ength

IR I I I I R I I I I I I R R I I I I R I I I I I
;
segnent byteat 0-71’ periph
IR I R I R I I R I R R I I R R R I R I S I R R I I I I I I
;
B S R I I I I I R I I I I I I I I I I I I I I I I I I
;

; I/ OPortsregisters

IR R S S I R I I I I S R R S I I I I R R R R R R R I I I S R R R R R R I S I I R R R O R R S S S R O
’

.PCDR DS.B 1 ; port Cdataregister
. PCDDR DS. B 1 ; port Cdatadirectionregister
.PCOR DS.B 1 ; port Coptionregister
DS. B 1 ; not used

.PBDR DS.B 1 ; port Bdataregister
. PBDDR DS. B 1 ; port Bdatadirectionregister
.PBOR DS.B 1 ; port Boptionregister

DS. B 1 ; not used
.PADR DS.B 1 ; port Adataregister
. PADDR DS. B 1 ; port Adatadirectionregister
.PAOR DS.B 1 ; port Aoptionregister

DS. B 1 ; not used
reserved0 DS.B 20 ; unused

EEEE R R R R R R R R R R I R I R R I
’

; M scel | aneous regi sters

EEE R S kS
’

.M SCR1DS.B 1 ; mi scel | aneous regi ster

EEE R R Sk
’

; SPI registers

EEEE O kR R R Rk R R R R R R R R R R R R Rk S R R R kS o S
’

.SPIDR DS.B 1 ; SPI dataregister
.SPICR DS.B 1 ; SPI control register
.SPI SR DS. B 1 ; SPI statusregister

EEEE R S R o R R S kR S R R R R R R R R I R R R R R R R R
)

; Wat chdog r egi ster

EEE R I R R R R R
;

.\WDGCR DS. B 1 ; wat chdog r egi ster

reservedl DS.B 3 ; unused

EEE Rk kb R R R i kR S R R R R R o b R S Sk o R R R o O S
1

; I12Cregisters

EEEE Rk kR R R I I R R R R R Sk R R I R R R R R R R S R

.1 2CCR DS. B 1 ; i12c control register

.1 2CSR1 DS. B 1 ; i2c statusregister 1
.1 2CSR2 DS. B 1 ; i2c status register 2
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.1 2CCCR DS. B 1 ; i2cclock control register
.1 2COAR1 DS. B 1 ; i2cownaddregister 1

.1 2COAR2 DS. B 1 ; i 2c own add regi ster 2
.12CDR DS.B 1 ; i2c dataregister
reserved3 DS. B 2 ; unused

CEE R I I I I I I I I I S R I I I I I S I I Sk S R S S S I S S S
’

tinmer Aregisters

R I I I I R I I I I I R I I I I I I I I I I S I I I
)

.TACR2 DS.B
.TACR1 DS.B
.TASR DS.B
. TAI CIHRDS. B
. TAI CILRDS. B
. TACCIHRDS. B
. TACCILRDS. B
. TACHR DS. B
. TACLR DS. B
. TAACHR DS. B
. TAACLR DS. B
. TAI C2HR DS. B
. TAI C2LRDS. B
. TACC2HR DS. B
. TACC2LRDS. B

M SCR2 DS. B

; timer
; timer
; timer
; timer
; timer
; timer
; timer
o timer
; timer
; tiomer
; timer
; timer
; timer
; timer
; timer

PRRPRRPRRPRREPRERRERRR

Acontrol register 2

Acontrol register 1

status regi ster

Ainput capture 1l highregister
Ainput capture 1l owregister
Aout put conpare 1 highregister
Aout put conpare 11 owregister
Acounter highregister
Acounter | owregister

Aal ternatecounter highregister
Aal ternate counter | owregister
Ai nput capture 2 highregister
Ainput capture 2| owregister
Aout put conpare 2 hi ghregister
Aout put conpare 2| owregi ster

1 ;M scel | aneous regi ster 2

EEE Ik S R
1

timer Bregisters

DR R R R R R R R I R I I I I R R R R R I I I I I R R R R R R I S I I I S R R R R R R I S S I S R R
’

.TBCR2 DS. B
.TBCR1 DS. B
.TBSR DS.B
. TBI CIHRDS. B
. TBI CILRDS. B
. TBOC1HR DS. B
. TBCCILRDS. B
.TBCHR DS. B
.TBCLR DS. B
. TBACHR DS. B
. TBACLR DS. B
. TBI C2HR DS. B
. TBI C2LRDS. B
. TBOC2HR DS. B
. TBOC2LRDS. B

reserved5 DS. B 32

-

; timer
ctimer
ctimer
ctimer
ctiomer
ctimer
ctimer
ctimer
ctimer
ctimer
ctimer
ctimer
ctimer
ctimer
ctimer

PR RPRRPRRPRPRREPRREPRERERRE

; unused

Bcontrol register 2

Bcontrol register 1
Bstatusregister

Bi nput capture 1 highregister
Binput capture 1l owregister

B out put conpare 1 hi ghregister
B out put conpare 11| owregi ster
Bcounter highregister
Bcounter | owregister

Bal ternate counter highregister
Bal ternate counter | owregister
Binput capture 2 highregister
Binput capture 21 owregister

B out put conpare 2 hi gh regi ster
B out put conpare 2 | owr egi ster

EER I o R kR R R I R Rk kR S S S R R R S S o S R R R R
’

; ADCregisters

EEEE R R I R R R R R R R R I S R R Rk Ik b I S S S R R kb S o
’

.ADCDR DS. B
. ADCCSR DS. B
; DS.B 14

1 ; adc dataregister
1 ; adc control status register

EEE R S o O S R Rk S kSRR S R T R S S R R R I R R R R R
’
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segnent byte at 80-FF ' ranD’ ; Zero Page

BRI I I I I S O SR S S I I I S R R R R S I R R R O I I R O S S
)

WORDS ; foll owing addresses are 16 bit | ength

CEE R R I I I I I S S I I I I I kS R S I I S I kR R S S S S S
;
: :
segment byte at 100-17F ' stack
CEE R I I I R I I S I I I I kS kS R S R Sk S I S S S
;
IR I I R R I I S I I I I I I R S I I I S R Sk S I R I S I I S R R S I S S I I S
;
:
segnent byte at EO00- FFDF ' r omi
CEE R I R I I I I I I I I I R R I S I R I I R I I I S I I R Sk
;
CEE I I R I I I I R I R R I R I I R I I R I S I S I S Rk kb I S S I I
;

segnent byte at FFEO- FFFF ' vectit’

DI R I I R R R I R I I R R R I R R I R I I I I S R S R I I I I
i

end

4
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5 APPENDIX 2 : MDT1 TRAINING BOARD SCHEMATIC DIAGRAM
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