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WARRANTY:

BiPOM Electronics warrants MicroTRAK for a period of 1 year. If the product becomes defective during
this period, BiPOM Electronics will at its option, replace or repair the product. This warranty is voided if
the product is subjected to physical abuse or operated outside stated electrical limits. BiPOM
Electronics will not be responsible for damage to any external devices connected to the microcontroller
system. BiPOM Electronics disclaims all warranties express or implied warranties of merchantability and
fitness for a particular purpose. In no event shall BiPOM Electronics be liable for any indirect, special,
incidental or consequential damages in connection with or arising from the use of this product. BIPOM'’s
liability is limited to the purchase price of this product.
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INTRODUCTION

The 8051 micro-controller, first introduced by Intel more than two decades ago, is one of the most
popular micro-controllers in use today with applications ranging from industrial, medical, home
automation to automotive.

The objective of the MicroTRAK is to give students, engineers, technicians, hobbyists and other users
experience with micro-controllers by developing practical applications using C and 8051 Assembly
language. The MicroTRAK Lab Book consists of several labs that vary from simple to complicated.

When used in a school environment, it is recommended that the labs accompany a micro-controller
course during the semester. Depending on the duration of each lab during the week, each lab in the
student manual can be covered during one or two lab weeks. Based on the remaining time during the
semester, the instructor may have the students work on one or more advanced projects. Some
advanced project ideas are listed in Advanced Project Ideas section of this manual.

This User’s Guide is intended for the instructor to get familiar with and setup the MicroTRAK for the
upcoming labs. The MicroTRAK Lab Book should be given to each student group in the lab to perform
various exercises during the semester.

MicroTRAK can also be used as a Project Kit for rapid prototype development and proof-of-concept.
The LED’s and DIP switches on the 8051 I/O Module allow easy control and monitoring of port pins.
Keypad, LCD, microcontroller board and peripheral boards are already mounted on the carrier board,
resulting in a presentable, single-piece assembly for demonstration purposes. LCD and keypad also
facilitate software debugging.

MicroTRAK consists of:

MINI-MAX/51-C2 Micro-controller Board

Training Board ( TB-1), PROTO-1 Prototyping Board

LCD with backlight ( adjustable brightness) , matrix keypad

Carrier board with extra regulator, 1/O Module

Demo version of Micro C Compiler/Linker/Assembler

Demo version of BASCOM51 BASIC Compiler

Full version of SDCC C Compiler

Micro-IDE Integrated Development Environment/Simulator/Debugger
Serial cable, Power Supply

Example Lab book and this User’s Guide

The following external items are required for each Training Kit station:

Personal Computer (PC) with

Minimum 256MB memory and 200 MB of available hard disk space.
One available COM (RS232 Serial) Port ( or a USB to COM converter )
Windows 98/ME/NT/2000/XP/Vista/Windows 7(32-bit or 64-bit) or higher.

(Optional ) Digital Voltmeter



INSTALLATION

Installing the Hardware

1. Place MicroTRAK on a clean, non-conductive bench top
( preferably on an anti-static mat )

Connect the provided power supply to the power plug on the MicroTRAK . Do not connect the

power supply to the outlet yet.

CAUTION: Do not use a power supply other than the one that is supplied with the MicroTRAK . Use
of another power supply voids the warranty and may permanently DAMAGE the board or the
computer to which the board is connected !

2. Make sure the PC is powered off.

3. Connect MicroTRAK to an available serial port on the PC using the supplied serial cable as

shown in Figure 1.

RS232 Serial Cable

MINI-MAX/51-C2 TB-1 PROTO-1

LCD242

of o2 of o}

@] srenvson a1y ; YaRenoB0RRD2

8051 I/0 Module MicroTRAK/51-C2

KP1-4X4 keypad

To outlet




Installing the Software

Micro-IDE is an Integrated Development Environment for micro-controller systems application
development. Micro-IDE integrates essential components of software development including

Multi-File Editor

Project Manager

C Compiler, Assembler, Linker

Optional Micro-controller Simulator
Terminal program, Calculator, ASCII Chart
Serial Port Loader

Micro-IDE works on PC’s running Windows 95/98/ME/NT/2000 and XP.
To install Micro-IDE,

1. Insert Your Software Installation CD into your computer's CD-ROM drive. Then Autorun Will Start
Automatically. To install Micro-IDE for 8051Click install button of 8051 Development System

Welcome to the Micro-IDE Setup program. This
pragrarm Will ingtall kMicra-1DE an your computer.

[t iz gtrangly recommended that pou exit all \Windaws programs
befare running this Setup program.

Click Cancel to quit Setup and then cloze any programs o
have running, Chck Mest to continue with the Setup program.

WARMIMG: Thiz program iz protected by copyright law and
international treaties.,

Lnauthonized reproduction ar digtribution of thiz program, or any
partion of it, may result in zevere civil and criminal penalties, and
will be prozecuted to the maximum extent pozzible under law.




Click on Next. End User Agreement will appear:

Software License Agreement ﬂ

Fleaze read the following Licenze Agreement. Press the PAGE DOwWM key to see
the rest of the agreement.

| -
EMD USER LICEMSE AGREEMENT FROM BiPOM Electronics

Pleaze read the following End User Licenze Agreement ["ELLA"] carefully. The ELILS iz
a leqal agreement between you the user and BiPOM Electronics for the uze of MicrolDE
[ the "Software" | Thiz ELILA containz the conditions under which you may uze the
zoftware az well ag warranty and liability dizclaimers. By ingtaling, copying or uzing the
Software, you agree to be bound by the termz of thiz ELILA, If you do not agree to the
terms of thiz ELLA, do nat install, copy, or uge the Software. Thiz Software iz protected
by copyright laws and international copyright treaties, as well az other intellectual property
lawz and treaties. This Software iz icensed, not old.

For more information about Micro-IDE . see the About box under Help menu in thiz
program. To learn more about BiPOM Electronics and itz products, wisit LI

Do wou accept all the terms of the preceding License Agreement? IF you chooze Mo, Setup
will cloze. Toingtall Micro-DE , vou must accept thiz agreement,

< Back ez Mo |

Click Yes if you agree to the Agreement. A separate license agreement will appear for the Micro C
compiler:

Software License Agreement ﬂ

Fleaze read the following Licenze Agreement. Press the PAGE DOwWM key to see
the rest of the agreement.

|[END USER LICENSE AGREEMENT FROM DUNFIELD DEVELOPMENT SERVICES o

Pleaze read the following End User Licenze Agreement ["ELLA"] carefully. The ELILS iz
a leqal agreement between you the user and Dunfield Development Services for the use
of Micro-C [ the "Saftware™ ). Thiz ELLS containg the conditions under which pou may
uze the zoftware az well az warranty and liability dizclaimerz. By inztalling, copying or
Lzing the Software, vou agree to be bound by the terms of thiz ELLA. [F pou do not agree
to the terme of thiz ELILA, do not install, copy, or uze the Software. This Software iz
protected by copyright laws and international copyright treaties, az well az other
intellectual property laws and treaties. Thiz Software iz licensed, not zold,

|nztalling thiz package indicates your acceptance of the following terms;

For the purpozes of thiz document, the term THE PACKAGE' shall be uzed to LI

Do wou accept all the terms of the preceding License Agreement? IF you chooze Mo, Setup
will cloze. Toingtall Micro-DE , vou must accept thiz agreement,

< Back ez Mo |

Click Yes if you agree to the Agreement. You will be prompted for user information and serial number.



User Information x|

Flease enter pour name, company name and serial number below.
You may leave the zenal number figld blank to run this software in
gize-restricted demo mode.

Mame: IUser

LCarmpary: IEumpan}'

Serial: |DEMIII

Cancel |

Enter the serial number as it appears on the envelope that contained the installation CD.

< Back

2. Select the disk location where the software will be installed. Using the default location of
c:\bipom\devtools is recommended:

Choose Destination Location x|

Setup will inztall Micro-IDE in the following folder.
To install to thiz folder, click Hext.

Toinztall to a different folder, click Browse and select another
falder.

“'ou can chooze not toinstall Micro-IDE by clicking Cancel to exit
Setup.

C:\bipomtdeytoolsh Browsze... |
Cancel |

Click Next. Select the Program Folder where the icons for Micro-IDE will be installed.
Default selection is Micro-IDE folder.

" Deztination Folder

¢ Back




Select Program Folder |

Setup will add program iconz to the Program Folder listed below.
Y'ou may type a new falder name. or zelect ane from the existing
Folders list. Click Mest to continue.

Program Folders:

E wisting Folders:

Administrative Tools

Adobe Acrobat 4.0

EAGLE Lapaut Editar 4.01
GC-Prevue

[nztallShield

Java 2 Runtime Ernvironment
MATLAR Release 12

LI

¢ Back I Heut > I Cancel

Click Next. Micro-IDE will be installed.

After installation, start Micro-IDE by selecting Start, Programs and Micro-IDE. Select the Micro-IDE
option under Micro-IDE folder. This will start Micro-IDE.

@ ACCEss0oHes
IE Micro-IDE ¥ @ Help For Micro-IDE
@ Microsoft Yisual Studio 6.0 EE Micro-IDE
Microsoft Access @ Help for Basic Compiler BAICOM-8051
Microsoft Excel

When Micro-IDE is started, the Project selection window appears:

Welcome : x|

Welcome bo Micro- DE Program Development Environment.

What do pau want o gtart with:

" Create a new project Lancel |

% Open existing project

IV Show thiz dialog at startup.

Click Cancel for this first time because you will first configure communications before opening a project.



Configuring communications

After you have started Micro-IDE, configure the correct COM port and communications parameters:
1. Select Tools and Options from the Micro-IDE menu.

2. Under Terminal tab, make sure Com Port is selected as the port that you connected to the MINI-
MAX/51-C2 board. For example, if the board is connected to COM1, select COM1 under Terminal tab.
Make sure that the Terminal options are set as follows:

Baud Rate: 19200
Data Bits: 8

Stop Bits: 1
Parity: None
Echo: Off

3. Under Loader tab, make sure Com Port is selected as the port that you connected MINI-MAX/51-C2
board. For example, if the board is connected to COM1, select COM1 under Loader tab. Make sure that
the Loader options are set as follows:

Baud Rate: 19200
Data Bits: 8

Stop Bits: 1
Parity: None
Echo: Off

4. Open the Terminal window by selecting Terminal under View menu. A blank terminal screen will
appear on the right side of the Micro-IDE window. ( You can resize the terminal screen by selecting the
left edge of the terminal window with the left mouse button and dragging to the right. ).

5. Check communications to the MicroTRAK. Start the Terminal program by selecting Terminal under
View menu. A blank terminal screen will appear on the right side of the Micro-IDE window. ( You can
resize the terminal screen by selecting the left edge of the terminal window with the left mouse button
and dragging to the right. )

6. Select Tools, Terminal and Connect. This will connect the terminal to the 8051 Training Board.
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Downloading programs

Check if you can build and download programs to the board by following the steps below:

1. Make sure the board is powered and connected to the PC as described in the section Installing
the Hardware.

2. Micro-IDE is distributed with several example programs that illustrate how to program the 8051 micro-
controller. Select Project, Open Project:

21x]
Lok ir: | ‘l 8051 ~| &« & er E-
A0 0 demost _IKEYPAD IRTC
asm _ldicest CaLco 1 5etial
bj ] EEQrOm 3 longcale (] serint51
bykeswap Cinto CAmixed 7B
counker lints1 _Irmonitar 1kkkad
debugger1 1o 3 ptrzfunc
L1 | ]
File narme: | Open
Files of type: IF"mie.:t files [*.prjl j Cancel
&

Select the folder tb1 and open the project file tb1.prj under c:\bipom\devtools\microc\8051\examples.
This will open and display the file tb1.c in the edit window. The contents of the project will also be
displayed in the Workspace window. Note that the C language keywords, comments, strings and
numbers are highlighted in various colors.

3. Click the Build button on the main toolbar. This will build the tb1 project and create tb1.hex output
file:

[CeH =2 e &S @ e

Build

11



If the project builds successfully, you should see a message indicating no errors on the Output Window:

o
j Compiling C:\bipomidevtoolsiMicroZ\Examplesi805 14 TE1 kb1 .c...

Linking tb1.asm ...
Generating 'TEL.hex'. ..
First pass,.. Second pass... 0 erroris).

al

EBuild |Debug | Find in Files 1 I Find in Files 2 | Loader I

Ready

4. Download the file to the board by selecting Download under Build menu:

D= H| » el e|& S @0 e &

Download

If the board is powered and connected properly to the PC, a progress dialog will appear:

Downloading program | X| |

7%

L]

The progress dialog will disappear following a successful download. Details of the download are shown
on the Output Window:

x| —
o Successz wiiting 32 bytes

Success wiiting 32 bytes
Successz wriiting 32 bytes
Successz wriiting 32 bytes
Success wriiting 32 bytes
Success wiiting 32 bytes
Successz wiiting 26 bytez

J |

Buid | Debua | Findin Files 1] Findin Files 2 | pader

12



When the download is finished, the progress indicator disappears. This means that the board has
received the program successfully.

After the program has been successful downloaded, it can be started using the Mode button on the
main Toolbar:

]

Mode

-
e
e
e
|

!
IS
i
&
i
&
D
.

i \

Mode button puts the board into Run or Program mode. In Run mode, the micro-controller is executing
the program in its memory. In Program mode, the micro-controller is in Reset state so no programs are
running. In Program mode, micro-controller’s flash memory can be changed and a new program can be
downloaded.

The Mode button is Red in Program mode and Green in Run mode. Following a download, the Mode
button will be Red. Click the Mode button to change the mode to Run mode. The program tb1.hex that
you just downloaded starts executing.

The program will initially flash the LED’s on the TB-1 board few times while sounding the buzzer. The
program will then display the status of the buttons on TB-1. Press the buttons one at a time and the
display should indicate which button is being pressed. Press a key in the terminal window and the
program should now display the values from the analog inputs. Finally, pressing a key in the terminal
window takes the tests back to the beginning.

Congratulations!!! You have built and executed your first program on MicroTRAK.

Click the Mode button once again so it turns Red. The board is in Program mode now and it will stop
running.

13



Opening Projects

Micro-IDE is distributed with several example programs that illustrate how to program the 8051 micro-
controller.

To open the example projects, start Micro-IDE and select Project menu. Start Micro-IDE and open an
example project. Example projects are located under Examples folder under the directory where you
installed Micro-IDE:

Laok jr: |E microc j | | E‘Fl |
Ads Lo
Counter ] MIMIM&5T
debuggerl 1 Promax51
EEpIom C1PRte
l2c 1 Serial
lo
File narme: | Open
Files of type: IF"mie.:t files [*.prjl j Cancel
A

Select the project Serial. Open the project file serial.prj. Click the Project View button on the Window
toolbar to see the Project View.

“ E @ ﬁ 5. E@ 'zenal' Project Files

=

Project View

Double Click on the source filename ( serial.c ) to
open the file in the Editor Window. Note that the
C language keywords are highlighted in various
colors.

BA Files I

14



To build the project, select Build menu and select Build. Alternatively, you can click the Build button on
the main toolbar:

[Ded sEl2c &S s

The results of the Build will be displayed on the Output Window. If the Output Window is not visible,
open the Output Window by selecting View menu and Output. Alternatively, you can click the Output
button on the Window toolbar:

EREEE7s

If the project builds successfully, you should see a message indicating 0 errors on the Output Window:

7 Compiling C:\bipomhdestoolssmicroidehE xampleshmicrochSenalhsernial. o
Linking zenal.azm ...

Generating 'zeral hes'..

Firgt pazs... Second pazs... O emarz).

Jd |

Build | Debug | Find in Files 1] Find in Files 2 | Loader |

If there are errors building the project ( There should not be any errors building the examples that are
distributed with Micro-IDE but you can always inject errors to see what effect this has on the build
process ), the errors are also displayed on the Output Window:

[

4 Compiling C:\bipomsdevtoolshmicroidehE xamplezimicrochS enalhzenal.c...
SERIAL.C[31]: Undefined: serirnit

SERIAL.C[31): Expected: ;

MCCE1.EXE failed [254)

Compilersdezembler emror.

d

Buid | Debug | Find in Files 1] Find in Files 2| Loader |

15



You can double click on the line that shows the error to immediately jump to the source line that
contains the error. For example, if you click on the line

SERIAL.C(31): Expected: ;

your cursor will be positioned on line 31 in SERIAL.C

16



Creating Projects

To create your own project, select Project menu and select New Project. This will display the New
Project dialog:

New project |

Froject;  |test

Lacatian: n::'xtesﬂ Browsze |

Toalkit:  |Micro C B057-8052 j

Ok Cancel |

Enter the name of the new project and its location ( this examples uses test as the project name and
c:\test as the project location ). Toolkit is already pre-selected as Micro C 8051-8052. Click OK; the new
project with the name of test under c:\test will be created.

To add a C source file to the project, first create the C source file. Select File menu and New. New File
dialog will appear:

Newrle ——E|

C Source File
C Header File
Text File Fil
Sz File e
Htrn File [test.c
Lacation
Ic::'\test Ernwsel

aE. Cancel

Enter the name of the C source file ( for example, test.c ) and its location ( c:\test ). The file type is C
Source File. Check the Add to project box so test.c will be automatically added to test project.

17



Click OK. A blank C source file ( test.c ) will be created:

/A

4 2 7

Type the following lines which are the header files required by the Micro C Compiler:

#include <8051i0.h>
#include <8051bit.h>
#include <8051reg.h>
Then type the following small C program:
main()
{
clrbit(P1.0);

while(1);

The C source file should now look like this:

il

-

#include <8051ioc. h»
#include <8051bit h:
#include <8051lreg. h:
maimni )

clrbit (P1.0):
while(l):




This program changes port pin P1.0 to logic low level. The program then enters an infinite loop. P1.0 is
connected to the Green LED on the Training Board (TB-1) so this program will turn on the Green LED.
Build the program by clicking the Build button. You will be prompted to save the file. Click Yes. If the
program builds successfully, you will see the following messages on the Output Window:

Compiling c:\test\test.c...

Linking test.asm ...

Generating Output...

First pass... Second pass... 0 error(s)

You can download the program to the board by clicking the Download button on the main toolbar:

D= H| el e|& S @0 e B

Download

If the board is powered and connected properly to the PC, a progress dialog will appear:

Downloading program | X| |
47

The progress dialog will disappear following a successful download. You can see the details of the
download by selecting the Loader Tab on the Output Window

x| —
o Successz wiiting 32 bytez

Success wiiting 32 bytes
Success wriiting 32 bytes
Success wriiting 32 bytes
Successz wriiting 32 bytes
Success wriiting 32 bytes
Success wiiting 26 bytes

1] |
Build | Debug | Findin Files 1] Findin Files 2 Loader

19



After the program has been successful downloaded, it can be started using the Mode button on the
main Toolbar:

Mode

Mode button puts the board into Run or Program mode. In Run mode, the micro-controller is executing
the program in its memory. In Program mode, the micro-controller is in Reset state so no programs are
running. In Program mode, micro-controller’s flash memory can be changed and a new program can be
downloaded.

The Mode button is Red in Program mode and Green in Run mode. Following a download, the Mode
button will be Red. Click the Mode button to change the mode to Run mode. The program ( test.c ) that
you just downloaded starts executing and the Green LED turns on.

Click the Mode button once again so it turns Red. The board is in Program mode now so the Green LED
will turn off.

Simulation

You can simulate the micro-controller and single-step through your program without actually having the
board connected to your PC. The demo Simulator that comes with Micro-IDE is limited to 1K of 8051
code. You can purchase the 8051 Simulator option from BiPOM Electronics to remove this restriction
and obtain a full-featured Simulator license.

To start the simulation, press F11 or click the Step Into button on the Debug toolbar:

[IENESE SEUNR R

Step Into

This will start a simulation session and will bring up the Listing file ( test.Ist ) for this project. Listing file is
an Assembly language representation of your program. The execution will stop on the first code line that
will be highlighted:

I =] E3

B test LST

naoo # Jf wou are HCa
* of code space
=411 ] :
DS s0032-:¢
naaz | 26 =
na32 75 81 07 27 HOW SFP, #/=t
ng3s5 12 08 3D 28 LCATL mal
naase 29 = EXIT to MONG1
nag3a 30 % Thi= cau=se=s Fk
nag3s 31 = completed. ar
na3a 32 * a context =wi
naase 33 =
nag3a 34  #* When using ZRBX
4 | ol
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Press F11 few times until you reach the line that reads
LCALL main
This is the entry point of your C program where main() is being called. Press F11 again and click on the

C source window ( test.c ). Execution is now being displayed on the C source because we have now
entered main().

Sete  EEE
T |

#include <8051io k>
#include <8051bit h:
#include <8051lreg. hr

maing )
EDHE_
while{1y:]
¥ -
< A

To view the simulated 8051 registers, activate the Register window ( if it is not already visible ) by
clicking the Register window button on the Window toolbar. To view the simulated 8051 memory, click
the Memory window button on the Window Toolbar:

alx
L= 8051 Registers: -
|oEEE G E T -
| \ E 0=00
=1 009 [0=08]
DPFTE 0=0000 [0=00]
PC O0x083D0
PSW Ox0o - ———
IE O=00
IF O=00
RO 0=00 [0x00]
El 000 [0=00]
Rz O=00
E3 O=00
F4 O=00
EGS O=00
| x E& 000
[F M Flash ROM _Ijl B OnFE
rogram lenar [= | w Fort0 0=FF
J s [ ] Portl 0=FF -
Address: | (00000000 = .

nooooooo 0z 03 00 02 03 03 00 00 -
noQoooos oo 00 00 02 03 0B 00 00 .
nooQooolo oo 0o 00 02 03 13 00 00 .
ooooools oo oo o0 0E 03 1B 00 0o .
0o0oaozZo oo oo o0 02 03 23 00 00 .
0o0o0aozZs oo 0o o0 o0 o0 00 o0 a0 .
0o0oao3o oo oo o0 oo o0 00 0o 0o o'

kR b
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All the standard 8051 registers are simulated and viewed on the Register window. To see the remainder
of the registers, scroll down the Register window. Note that at program startup, ports are all OxFF, which
means that all the Port pins are high logic level.

Press F11 to move one more step in the C source window. The next line

while(1);

will be highlighted. This means that the current line

clrbit(P1.0);

has already executed. In the Register window, Portl will change from OxFF to OXFE indicating that bit O
(P1.0) has been reset.

If you continue to press F11, the execution will stay on the same line because while(1) statement
generates an infinite loop. To stop debugging, select Debug menu and select Stop Debugging. Or click
the Stop Debugging button:

HIEE@HMF}W‘

Stop Debugging

When debugging is stopped, all debugging related windows such as Register window, Memory window
and Variable window are automatically closed.

You can obtain more detailed help on how to use Micro-IDE by selecting Help Topics and Help Pages
on the Web under the Help menu.

22



MicroTRAK/51-C2 Complete Carrier Board

Overview

MicroTRAK/51-C2 Complete includes MicroTRAK Carrier Board, MINI-MAX/51-C2 Microcontroller
Board, TB-1 Training Board, PROTO-1 Prototyping Board, 8051 I/O Module, LCD242 LCD, KP1-4X4
Keypad, Cables, Adapter, Training Manuals, Labbook, Demo versions of BASCOM51 BASIC Compiler,
Micro C Compiler, Assembler, Micro-IDE, over 70 example projects, full version of SDCC C Compiler
(open-source), Serial downloader.
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3 -
5 = [ @ Al A ek &

MicroTRAK carrier board has the following configuration:
Sockets for a microcontroller board
Sockets for dual peripheral boards
Keypad interface
Industry-standard display interface for alphanumeric LCD and VFD displays.
Connectors and cables for connection to a standard breadboard

Expansion port for a microcontroller-specific pluggable module (for example, 8051 1/O Module ) with port
connectors, port indicator LED's and port control DIP Switches.

Configuration of the high speed input via 3 jumpers.

Single operating unregulated voltage 6 ... 12VDC

On-board 5 Volt regulator

Dimensions are 8.8 X 6.7 inches (22.4 X 17.0 centimeters).
Mounting holes of 0.15 inches (3.8 millimeters) are on four corners.
0° - 70° C operating, -40° - +85° C storage temperature range.
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8051 I/0O Module

Overview

8051 I/O Module is an optional part of MicroTRAK training kit system for use with MINI-MAX/51 series
Single Board Computers (SBC). MicroTRAK is the ultimate training kit and project development platform
with microcontrollers.

8051 I/O Module allows access to all input/output (I/O) ports of the 8051 micro-controller on the
MicroTRAK development platform. 8051 I/O Module has 32 switches to control the 8051 microcontroller
inputs and 32 LEDs to indicate the port statuses as logic LOW or logic HIGH.

8051 I/O Module is powered from a 5 Volt regulated DC power source through the 36-pin input/output
connector.

S T TITT Y aREEIEEE
'FTEIEN. |’ ] 45 & F
_n_-_-_“ W

Wﬂw._-_.‘
Cagd R R Rl R TR A R i e
fdvatah s s"a e reiirdta e Ei v atEE Y e . e ¥

8051 1/0 Module has the following configuration:

36-pin pluggable module connector

Two 32-pin expansion connectors ( one male and one female )

32 DIP switches to control the 8051 micro-controller inputs

32 port indicator LED’s with 74ALS05 hex inverters as drivers

Requires regulated 5VDC supply at 250mA maximum current ( when all LED’s are on )
Dimensions are 5.95 X 1.975 inches (15.1 X 5.0 centimeters).

Mounting holes of 0.15 inches (3.8 millimeters) are on four corners.

0° - 70° C operating, -40° - +85° C storage temperature range.
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MINI-MAX/51-C2 Micro-controller Board

Overview

MINI-MAX/51-C2 is a general purpose, low-cost and highly-expandable micro-controller system. It is
based on the ATMEL AT89C51ED?2 single-chip Flash micro-controller. This micro-controller features

64 Kilobytes of In-System Re-programmable Downloadable Flash Memory
256 bytes of RAM

1792 bytes of XRAM

9-sources 4-level Interrupts

Programmable Counter Array with
- High Speed Output
- Compare/Capture
- Pulse Width Modulator

Three 16 bit Timer/Counters

Programmable Enhanced UART Serial Channel
SPI Serial Interface

Programmable Watchdog Timer

32 general purpose I/O pins

MINI-MAX/51-C2 board complements these features by providing

512-byte Serial EEPROM ( optional 64-Kilobyte EEPROM )
RS232 Serial Port
In-circuit Programming of the micro-controller through the serial port
5-channel 10-bit ADC with 4.096V internal or an external voltage reference source
Keypad connector
LCD connector ( with programmable contrast adjustment for LCD )
Expansion bus interface to low-cost peripheral boards such as
- Instrumentation amplifiers

Pressure inputs

Strain-gage inputs

12 and 16-bit Analog-to-Digital Converters

Digital Input/Output cards

LED and LCD displays.
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Board Layout

Layout of MINI-MAX/51-C2 board is shown below:

EEPROM Expansion AT89C51RD2
Socket Connector CPU

N Keypad
00Q @ ) Connector
00000 CIENN_/
s
Analog [o]
Terminals 000COd O 0O)|o g
o ~% 0 0)|o| o5
o - oo g o
LCD
o 00 (o) Connector
(o] (o o)]le]
) O (ofe> <
O (e Xo)]le]
©
Voltage
Regulator

Functional Block diagram

G...
Power
conne ctor

Expansion Keypad
conne ctor connector

ref :I'-]alttnr LCD
9 connector

2?2 MHZ ATBOC51RD? RS232
crystal controller connector

24CD4A PIC1IGFR18 Analog

EEPROM controller Input
conne ctor
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Micro-controller

MINI-MAX/51-C2 has an ATMEL AT89C51ED2 micro-controller (U2). Micro-controller ports and power
lines are provided on a 20-pin expansion bus for interfacing to peripherals and other external circuits.
AT89C51ED?2 has 4 ports that are available on the 8051 family of micro-controllers: PO ... P3.

PO has open collector outputs that are available on the LCD connector with 4.7K pull-up (RB1). P1 and
P2 are general-purpose bi-directional input/output ports. Port 2 is available on the keypad connector. P1
and P3 are available on the expansion connector. P3 pins can either be used as general-purpose
input/output pins or have special purposes such as asynchronous serial port, interrupt inputs and timer
inputs.

More information on the AT89C51ED2 micro-controller can be obtained from ATMEL web site at

http://www.atmel.com

EEPROM

MINI-MAX/51-C2 uses a 24C04 (U3) 512 byte Electrically Erasable Programmable Read-Only-Memory
(EEPROM). Typically this EEPROM is used for storing calibration values for sensors, customer
identification, serial number and other parameters. This EEPROM is on a socket and can easily be
replaced with higher capacity EEPROM'’s ( up to 64 KiloBytes ).

In-System Programming

AT89C51ED2 micro-controller can be re-programmed remotely over the RS-232 interface using a
second micro-controller on the board ( PIC16F818 ). The in-circuit programming feature simplifies
program development on the board since downloading programs from a host PC takes only few
seconds. User programs can also be debugged over the serial port.

8051/52, BASCOM51, SDCC development systems based on Micro-IDE Integrated Development

Environment from BiPOM Electronics, fully supports In-System Programming and debugging on the
MINI-MAX/51-C2 using the serial port.
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Keypad connector

8 pins of AT89C51ED2 are connected to the Keypad Connector. Matrix keypads such 3 by 5 or 4 by 4
can be connected directly to the connector. 5 Volt and Ground power lines are also available on the
connector.

The keypad connector can also be used as a general purpose 8-pin input/output port.
Table 1 shows the pin assignments for the Keypad connector.

Keypad Connector (J1) ‘ ’o‘o‘o‘o ‘ ‘0’0‘0{ W
“QEF = o o'o%
+5V 10 84 -|- oooo
Ground 9 o 00000000
In/Out 8
In/Out 7
In/Out 6
In/Out 5
In/Out 4
In/Out 3
In/Out 2
In/Out 1
Table 1 ogggo:oooom]
O 0009000000

Keypad connector

CAUTION: Care should be taken not to short circuit connector pins 9 and 10 to any other pin or to each
other. Doing so damages the board permanently and invalidates the warranty. Matrix keypads should
use pins 1 through 8 only !!!
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LCD Connector

LCD Connector (J3)

o7 \°\°\°\°\°\°\°r‘:\§[ >

Signal | Pin Pin | Signal

P0.7 14 13 P0.6

P0.5 12 11 P0.4
NC 10 9 NC
not NC 8 7 NC

P0.2 6 5 PO.1
P0.0 4 3 Vee

vCC 2 1 GND

(+5V)
Table 2

(X foXeNe=cXoXNeNe o)

(©0/0 0000000

LCD Connector

The LCD contrast voltage on the LCD connector can be changed under software control.
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Power Supply Unit

MINI-MAX/51-C2 series boards come with a 6 Volts unregulated DC power supply. The inner pin of the
supply connector is positive and the outer ring is negative. Current consumption of the MINI-MAX/51-C2
board itself ( without any external circuitry ) is approximately 50 mA.

MINI-MAX/51-C2 has an on-board 5 Volt regulator ( U5).

CAUTION: Depending on the current requirements of the any external circuitry such as peripheral
boards that are attached to MINI-MAX/51-C2 and the level of input voltage applied, the power regulator
U5 may dissipate enough heat to cause skin injury upon touch. Contact with this regulator should be
avoided at all times, even after the power to circuit has been switched off.

Analog Port Terminal

5-channel 10-bit ADC of Microchip PIC16F818 micro-controller is available on the 10-pin terminal J6.
The ADC can operate with a 4.096V internal or an external voltage reference source

Table 5 shows the pin assignments for the terminal

Name Signal Pin
ANO MM51C2 Analog Input 1
AN1 MM51C2 Analog Input 2
GND GND 3
AN2 Analog Input or External Vref(-) Input | 4
GND GND 5
AN3 | Analog Input or External Vref(+) Input| 6
VREF Vref = 4.096V from MM51C2 7
AN4 MM51C2 Analog Input 8
GND GND 9
VCC Vce from MM51C2 10
Table 3

Analog Terminas

7, 0000000000
Boo0O0OO0O0O000
E 0000000
0000000
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Asynchronous Serial Port

One asynchronous RS232 serial port (U3) is available on MINI-
MAX/51-C2.

U3 converts micro-controller’'s RXD and TXD pins to/from
RS232 levels. U3 has built-in voltage-doubler and inverter that
generates +/- 10 Volts for RS232 logic levels. RS232 port is
made available on a 9-pin male D connector J4. Hand-held
terminals, computers, modems and other serial devices may be
connected to the RS232 port. CTS/RTS Modem control lines
are provided on the RS232 port. CTS is used by external host
such as a PC to put MINI-MAX/51-C2 in program or run modes.
Therefore, user applications must not use CTS.

Expansion

Most of the micro-controller pins and the power supply are
available on the 20-pin MINI-MAX/51 Expansion connector (J3)
for interfacing to external circuitry, prototyping boards and
peripheral boards. MINI-MAX/51 peripheral boards can be
connected either as a piggyback daughter-board on MINI-
MAX/51-C2 using standoffs or can be placed up away from
MINI-MAX/51 using a 20-wire ribbon cable. Peripherals section
lists the available expansion boards. Table 4 shows the pin
assignments for the MINI-MAX/51 Expansion connector.

Signal Pin
Not Connected 1
Receive (RXD) 2
Transmit (TXD) 3
Not Connected 4
Ground 5
Not Connected 6
RTS 7
CTS 8
Not Connected 9

RS232 Serial Port (J4)

Signal| Pin Pin Signal
P3.0| 20 19 P3.1
P3.2| 18 17 P3.3
P3.4 | 16 15 P3.5
P3.6( 14 13 P3.7
P1.0 | 12 11 P1.1
P1.2| 10 9 P1.3
P1.4 8 7 P1.5
P16| 6 5 P1.7
VCC| 4 3 GND
VCC| 2 1 GND

MINI-MAX/51 Expansion (J3)
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Peripherals

MINI-MAX/51-C2 can be connected to a wide variety of low-cost peripheral boards to enhance its
functionality. Some options are:
Prototyping board (PROTO-1)
Training Board (TB-1)
Digital Input/Output Expander Board (DIO-1)
12-bit Analog-To-Digital Converter Board (DAQ-2543, DAQ-2543-DA1)
Relay peripheral boards (RELAY-1, RELAY-2, RELAY-4REED)
Real Time Clock boards with a Multi Media Card socket (RTC board, MMC/RTC board)
A peripheral board with four 7-segment LED displays with decimal point (LED-1)
Additional MINI-MAX/51 Boards
Temperature Sensor Interface Board

Pressure Sensor Interface Board

Peripheral boards can either be stacked on top of MINI-MAX/51-C2 using stand-offs or connected in a
chain configuration using flat ribbon cable. First diagram below shows how MINI-MAX/51-C2 can be
connected to a peripheral board in a stacked fashion. Second diagram shows the chain connection.

PERIPHERAL ””

[ ]
BOARD

MINI-MAX/51-C :I‘ ] STANDOFF
BOARD (] (]

STACK CONNECTION

- - TRAINING BOARD PROTOTYPING
MINI-MAX/51-C o

O O O O O O

©) ®) ©) O ©) O

CHAIN CONNECTION

More details on BiPOM Peripheral boards are available from
http://www.bipom.com/periph cat/us/44/0.html
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RS232 Devices

Various devices such as keypads, terminals, computers and serial LCD’s may be connected to the
RS232 port of MINI-MAX/51-C2 through connector J4. MINI-MAX/51-C2 can be connected to a host PC
through the RS232 port. For example, MINI-MAX/51 can be used as a remote data acquisition or control
unit serving a host PC in a client-server configuration.

Connection to a host PC is accomplished by using the supplied NULL-Modem cable. MINI-MAX/51-C2
end of this cable should be a 9-pin Female D connector for connection to J4 on the MINI-MAX/51-C2
board. Host PC end of this cable can be either 9-pin Female or 25-pin Female D Connector depending
on available serial (COM) ports on the host PC.

MINI-MAX/51 9-pin Female Host PC 9-pin Female
RECEIVE DATA (RXD) 2 3 TRANSMIT DATA (TXD)
TRANSMIT DATA (TXD) 3 2 RECEIVE DATA (RXD)
GROUND 5 5 GROUND
RTS 7 8 CTS
CTS 8 7 RTS
MINI-MAX/51 9-pin Female Host PC 25-pin Female
RECEIVE DATA (RXD) 2 2 TRANSMIT DATA (TXD)
TRANSMIT DATA (TXD) 3 3 RECEIVE DATA (RXD)
GROUND 5 7 GROUND
RTS 7 5 CTS
CTS 8 4 RTS

33




MINI-MAX/51-C2 Schematics
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TB-1 TRAINING BOARD

Overview

Training Board TB-1 is an experimentation board that illustrates the many capabilities of the 8051
compatible micro-controllers. TB-1 features

- 3 Traffic light LED’s ( red, yellow, green)

- 2interrupt inputs

- 2 switch inputs (in parallel with interrupt inputs )
- 2timer/counter inputs

- 4 channels of 8-bit analog inputs

- Programmable buzzer

- Expansion bus to other boards

TB-1is already connected to the MINI-MAX/51-C2 board as part of the MicroTRAK.

Specifications
Dimensions are 2.35 X 2.40 inches ( 5.97 X 6.10 centimeters ).

Mounting holes of 0.125 inches ( 3 millimeters ) on four corners.
0° - 70° C operating, -40° - +85° C storage temperature range
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Board Layout

Layout of TB-1 board is shown below:
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Functional Blocks

Expansion
TB-1 is connected to MINI-MAX/51-C2 and other boards through the Expansion Connector ( J1).

Table 4 shows the pin assignments for the Expansion Connector.

Expansion (J1)

Signal | Pin Pin Signal
P3.0 20 19 P3.1
P3.2 18 17 P3.3
P3.4 16 15 P3.5
P3.6 14 13 P3.7
P1.0 12 11 P1.1
P1.2 10 9 P1.3
P1.4 8 7 P15
P1.6 6 5 P1.7
VCC 4 3 GND
VvVCC 2 1 GND

Table 4

LED's

TB-1 has 3 Light Emitting Diodes ( LED’s ) that are connected in a traffic light pattern. Red and green
LED's are on each side and the yellow LED is in the middle.

LED’s are driven by a 7407 buffer ( IC2 ). Each LED has two pins; cathode ( negative terminal ) and
anode ( positive terminal ). The current through the LED’s are limited through current limiting resistors
that tie the anode pins to Vcc. To turn an LED on, the cathode is pulled to ground through the
corresponding gate of the 7407 buffer. To turn an LED off, the corresponding gate of the 7407 buffer is
deactivated by setting the input of the gate to a logic high level.
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Buzzer

Because the buzzer requires higher current than the LED’s, buzzer is driven by three 7407 buffer gates
that are connected in parallel. Due of the inductive nature of the buzzer, a freewheeling diode ( D4 ) is
used to clamp reverse voltages that may be induced on the buzzer when the buzzer is being turned on
or off.

Buttons
There are 2 push buttons on the TB-1. Each button is connected through a protection resistor to an

interrupt input ( P3.2 and P3.3 ) on the micro-controller. Pressing a button forces a logic low level on the
corresponding micro-controller input.

Interrupt Inputs

AT89C51ED?2 has port pins ( P3.2 and P3.3) that can be used either as general-purpose inputs/output
or as interrupt inputs. A high to low logic transition or a low logic level on those inputs can cause a
hardware interrupt to be generated.

Timer/Counter Inputs

AT89C51ED?2 has port pins ( P3.4 and P3.5) that can be used either as general-purpose inputs/output
or as timer/counter inputs. Logic level changes on these inputs can be counted by the timer hardware
on the micro-controller eliminating the need for software polling loops.

Analog/Digital Converter (ADC)

TB-1 has a type ADC0834, 4-channel, 8-bit Analog/Digital converter. Analog inputs are available on X1
terminal block. Analog/Digital Converter is controlled by the micro-controller through 4 port lines. Chip
Select (CS ) is an input to the ADC. Chip Select enables data conversion when it is logic low and
disables data conversion when it is logic high. Clock is an input to the ADC. Mode of operation ( single-
ended versus differential ) and channel number is entered through the DI pin one bit at a time ( on every
transition of the Clock input ). The 8-bit data that corresponds to the voltage on the selected channel is
output on DO one bit at a time ( on every transition of the Clock input ).
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TB-1 Schematics
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Advanced Project Ideas

Connecting a printer to the MicroTRAK: In this exercise, the student connects a parallel port printer
to the MINI-MAX/51-C2 board using available ports. Student then develops an 8051 program to
print characters on the printer using DATA and STROBE lines.

Using the MicroTRAK as a frequency counter: Student develops an 8051 program to measure the
frequency and/or period of an incoming signal using 8051’s interrupt inputs. The results are then
displayed on the terminal window. Input signal is provided from a lab signal generator.

Using the MicroTRAK as a temperature controller: Student develops an 8051 program to connect
LM35 or similar temperature sensor to the analog inputs. Depending on the temperature reading
one of red, yellow or green LED'’s are illuminated. If the temperature goes above a preset threshold,
the buzzer sounds.

Using the MicroTRAK EEPROM and the Analog-To-Digital Converter as a multi-channel data
logger.
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