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INTRODUCTION

The PIC® micro-controller, introduced by Microchip in the early 90’s, 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 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.
Keypad, LCD, microcontroller board and peripheral boards are already mounted on the carrier board,
resulting in a presentable and single-piece assembly for demonstration purposes. LCD and keypad also
facilitate software debugging.

MicroTRAK consists of:

MINI-MAX/P18 Micro-controller Board

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

LCD with backlight ( adjustable brightness) , matrix keypad

Carrier board with extra regulator, 1/0 Module

MPLAB with Assembler, Debugger and Simulator (free download from Microchip web site)
Micro-IDE Integrated Development Environment with support for MPLAB from Microchip
Serial cable, Power Supply

Example Lab book and this User's Guide

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

e Personal Computer (PC) with

e Minimum 128MB memory and 1GB of available hard disk space
One available RS232 Serial Port
Windows 98/ME/NT/2000/XP/Vista/Windows 7 (32-bit or 64-bit)
e (Optional ) Digital Voltmeter



INSTALLATION
Installing the Hardware

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 !

Make sure the PC is powered off.

Connect one end of the RS232 serial cable to serial connector of MINI-MAX/P18 board as shown on
Figure 1.

Connect the other end of the serial cable to your PC’'s COM port.

Connect the 6VDC power supply to a suitable wall outlet. Power LED on MicroTRAK Carrier Board will
turn ON.

MicroTRAK/P18

MINI-MAX/P18 TB-1 PROTO-1

RS232 Cable

LCD242

of o of NE

T0
/3" sreavsonrosy

KP1-4X4 Keypad

1/0 Module

To outlet

Figure 1



Installing the Software

Software for the system consists of two packages:

1. Micro-IDE from BiPOM Electronics: This is a free download.
2. MPLAB from Microchip: This is also a free download.

Micro-IDE

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

Since Microchip’s MPLAB has similar features, we will use MPLAB as our main development
environment and use Micro-IDE only as a serial downloader and serial terminal.

Micro-IDE is a part of BIPOM’s MC Development System:
Download and run pic_devsys.exe from http://www.bipom.com/web_softwares/318931.html

YWelcame to the Micro-lDE Setup program. Thiz
pragram will ingtall Micro-IDE on pour computer.

[t iz gtrongly recammended that pau exit all Windows programs
before running thiz Setup program.

Click Cancel ta quit Setup and then cloze any programs pau
have running. Click Mext to continue with the Setup program.

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

|Inauthaorized reproduction or diztibution of thiz program, or any
portion of it, may result in severe civil and ciminal penalties, and
will be progecuted to the mawimum extent poszible under law.

Cancel |




Software License Agreement il

Pleaze read the following Licenze Agreement. Press the PAGE DOWH ke to zee
the rest of the agreement.

|
EMD USER LICEMSE AGREEMEMT FROM BiPOM Electronics

Fleaze read the following End User Licenze Agreement ["EULA"] carefully. The ELILA i=
a legal agreement bebween you the uzer and BiIPOM Electronics for the uze of Micro-DE
[ the "Saoftwars’ 1. Thiz ELLA containg the conditions under which you may uze the
zoftware as well az warranty and liability dizclaimerz. By installing, copring or using the
Software, you agree to be bound by the terms of thiz ELILA. IF you do not agree to the
terms of this EULA, do not ingtall, copy, or uge the Software. This Software is protected
by capunight laws and international copyright treaties, as well az ather intellectual property
lawes and treaties. Thiz Software iz licenzed, not zold.

Far mare infarmation about Micro-1DE, see the About bow under Help menu in this
program. To learn maore about BiPOR Electronics and itz products, wisit j

Lo pou accept all the terms of the preceding License Agreement? |f pou chooge Mo, Setup
will cloze. Taingtall Micra-lDE . vou must accept thiz agreement.

< Back Tez Hao |

Please read the agreement and click Yes to continue.

Enter your name, company and ‘FREE’ as a serial number. Then click the Next button.

User Information x|

Please enter your name, company name and zerial number below.
'ou may leave the zenal number figld blank to run thiz software in
zize-restncted demao made.

i ame: IJ ack]

Compary: Ibipu:um

Serial |FF|EE

< Back I Hest » I Cancel |

Select the disk location where the software has to be installed. The default location (c:\bipom\devtools) is
recommended. Click the Next button to start the installation.



Choose Destination Location . x|

Setup will ingtall Micro-IDE in the fallawing Falder.
To inztall ta thizs folder, clhick Nest.

Toinstall to a different folder, click Browse and zelect another
falder.

Y'ou can chooge not ta install Micro-lDE by clicking Cancel to exit
Setup.

C:hbipomtdevtoolz

" D estination Faolder

< Back et » Cancel

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

is Micro-IDE folder:

Select Program Folder B x|

Setup will add program icons ta the Pragram Falder listed below.
'ou may twpe a new folder name, or zelect one from the exizting
Falders list. Click Mest to continue.

Program Folders:

Micro-DE

E wizting Folders:

icrozoft Office
Microsoft Office Toolz

Microzoft Platform SDE. February 2003 _I
Microzoft Wizual Studio 6.0

b odbusConstuctor

Mazilla Firefox

Mozilla Thurdesbird |

< Back I Hest » I Cancel |

Click Next. Micro-IDE will be installed.



) setup [ ][] ]

Micro-IDE

Setup Complete

Setup haz finizhed installing Micro-DE on pour computer.

Setup can launch the Read Me file and Micro-|DE. Chooge the
options you want below,

[ 1 would like ta launch Mico-DE ;

IMPORTAMT MOTE: If pou have other development systems
that uze Micro-lDE, please make zure to update all ather
development systems to the latest versions from BiFOM web
zite to avoid unexpected behavior.

< Back I Finizh I

Uncheck the “I would like to launch Micro-IDE” option and click the Finish button.



MPLAB

Download and install the latest MPLAB® IDE from Microchip® website. The location of MPLAB on
Microchip web site may change from time to time. To find the latest MPLAB, please visit
www.microchip.com first. Select Development Tools from Design tab:

miyhdicrochip Login | English | Chinese oh3r | Japanese BasiE

Search: |

P| Applications ¥ Buy'Sample ¥ Corporate ¥ What's New P|

ﬁ'\ MICROCHIP

Home b| Prorl Support
Home k Products Home Page » Development Yool  Getting Started 4

Other Links MPLA Technical Documentstion ¥ Environment

O BuyiSample Options
SWWOoTooz

O Contact Microchip

O Development Tool Selector G010t Software Libraries

O Microchip Advanced Parts
Selectar (MAPS)

-

Part Muf Design & Simulation Tools

Application Motes & Software

| AB® IDE downloads

What i Code Examples
MPLAH  Programiming
Microc Microchip Videos

ent (IDE) is a free, integrated toolset for the developrent of embedded applications employing
ers. MPLAB IDE runs as a 32-hit application an MS YWindows®  is easy to use and includes
application developrment and super-charged debugging. MPLAB IDE also sewes as a single,
Rl Mirrnchin and third narty snftware and hardware develnnment tnnls Moving hetween tonls

Development Tools

nnifirrd

Select Development Tools

Download MPLAB IDE:

mMPLAB Ermulators & Debudoers
Frocessor Modules
Device Adaptors

Getting Started Frogrammers
Frogramimers
Saocket Modules

Adapter Kits Frogramming Adaptars
Arcessories

Emulator — Debugger AcceEs0MRS PICE e

Headers PICZ4 MCU

Transition Sockets

MPLABE IDE

Application Likiraries
Compilers

RTOS

Software

Archives

Starter Kits

Starter kits

|

PIC32 Boards and Kits

dsPIC Boards and Kits
PICtail™ Plus Daughter Boards
Fltail™ Daughter Boards
Analog Boards and Kits
Security

General Purpose

motor Control

Automotive

Wiireless Connectivity

Wiired Connectivity

Fowwer

Graphics

Memuory

Low Power Developrment Boards



Latest Production Release: MPLAB IDE v8.56
Mew in MPLAB IDE v8.56:
The rmost recent full release of MPLAE IDE introduces these new features:
These new features are added to MPLAB IDE v8.55 (new device support is listed in the Release Motes):

New part support — See Release Notes for details.

Bug fixes —

Fleaze direct any comments or questions about MPLAB IDE to the MPLAB IDE Online Discussion Group in the Development Tools
Forum or to httpi#fsuppont. microchip. com.

Archived versions of older MPLAE IDE software are available here.

If you have problems with the installation check http:/consurmer.installshield. com.

If you have any dificulties downloading any of these files, please e-mail webcorrectionsi@microchip.com

MPLAB Software
Associated Files and Release Notes

MPLAB IDE +3.56 Full Release fipped Installation] Release Motes for MPLAB IDE +8.56

MATLAE Device Blocks for dsPIC DSCs

Downloads

Title Date Published Size DL
MPASMIMPLIME User's Guide HBIZ009 36241 PM 2886 KB '@
MPLAB Assernbler, Linker and Litilities for PIC24 MCUs and dsPIC DECs User's Guide 1/26/2010 10:16:32 A 1981 KB '@
MPLAB IDE User's Guide 2002009 12:09:31 FmM 4232 KB '@
The MPLAH IDE Debug Tool AP 5132010 5:16:00 P 171 KB @

When you click on the link, zip file will start downloading:

) 75% of 1 file - Downloads

3 minutes, 19 seconds remaining — 74,6 of 9

Extract the contents of the zip file to a temporary directory ( for example, c:\temp ) and run setup.exe
from within the zip file:

B8 MPLAB_IDE_vB_56.zip

File Edit Wiew Favorites Tools Help

i\_:leal:k \‘_.;J l@ pSearch [{_"' Folders v

Address |[1] CADOCUME~1l0guz\LOCALS~11 TempMPLAE_IDE_v&_56.zip

. - El
Folder Tasks @ 5 i

Datal.cab I559etup.dll MPLAE Tools mplabcert.bmp  setup.exe
w356, msi

Other Places

I Temp

L} My Documents
| Shared Docurnents
% My Network Places

11



MPLAB Installation will start:

InstallShield Wizard

Y RMPLAE Tools w8 .56 Setup iz preparing the InztallShield YWizard,
L=1 which will guide you through the program zetup process. Please
1ait.

Preparing ta [netall...

Gt )

MPLAB® Tools

MPLAE® Tools 8.56 Installation
Copynght € 2009, Microchip Technology Inc. All
rights reserved.

“Welzome to the MPLAB® Toolz Installation Program.
It iz strongly recommended that wou follow these directions.
1. Quit all applications before installing this product.

2. Uninztall all previous MPLAB Toaols versions.
3. Dizable any anti-viris software running an the machine.

E..........H..EHD |[ Cancel

Click Next. Accept the license agreement:

12



MPLAB® Tools
MPLAE IDE License Agreement

@ MICROCHIP

IMPORTANT. ~
MICROCHIP I3 WILLING TQ LICENSE THE MFLAE® IDE SOFTWARE AND
ACCONLPANYING DOCUMENTATION OFFERED TO ¥OU ONLY O THE
CONDITION THAT ¥VOU ACCEFT ALL OF THE FOLLOWING TERRME. TO
ACCEPT THE TERWIE OF THIS LICENZE, CLICK “TI ACCEPT™ AND

FROCEED "WITH THE DOWNLOAD OR INSTALL. IF ¥OU DO HOT ACCEPT
THESE LICENSE TERLE, CLICK “ID0O NOT ACCEPT,” AND DO HOT OFEN
DOWHLOAD OF INSTALL THIS SOFTWARE.

MPLAR * IDE LICENSE
w

(#)] accept the terms of the license agreement

()| do not accept the terms of the licenze agreement

< Back " Hest > l [ Cancel ]
Click Next.
MPLAB® Tools X
Setup Type .
Select the zetup type toinstall. @ MICRUCHIP

Pleasze zelect a setup ype.

All program features will be inztalled. [Fegquires the most disk space.]

() Custom
ﬁ Select which program features you want inztalled. Recommended for

advanced ugers.

< Back " Hest > ][ Cancel

Select Complete. Click Next.

13



MPLAB® Tools

Choose Destination Location
Select folder where setup will install files.

Setup will ingtall MPLAB Toalz w8.56 in the following folder.

Ta inztall to this falder, click Nest. Ta install ta a different folder, click Browse and select
another folder.

Deztination Falder

C:\Program Filez\Microchiph,

E3
@ MICROCHIP

< Back ]MEHD | [ Cancel

)

Click Next to install to default location.

MPLAB® Tools

Application Maestro License

MAESTRO™ JOFTWARE LICENIE AGREEMENT ~

TOU ARE PEEMITTED To ACCESS THE SOFTUALRE AND
DOCUMENTATION ONLY IF ¥OU ACCEPT THE TEEMI AND
CONDITICHNS OF MICROCHIP'S "NCON-EXCLUIIVE LICENSE
AGREEMENT FOR MAESTRO™ ZOFTWARE™ (HEREAFTER, THE
"LGREEEMENT™) .

IF ¥oU AGEEE TO THE TERMZ OF THE AGREEMEMT, IMDICATE +

(#)] accept the terms of the license agreement

()| do not accept the terms of the licenze agreement

E3
@ MICROCHIP

< Back " Hest > ][ Cancel

)

Accept the agreement and click Next.

14



MPLAB®E Tools
MPLAB C32 License

E3
@ MICROCHIP

LICROCHIP I3 WILLING TO LICENZE THE MPLAE® C COMPILER FOR
PIC3E MCTE 30FTWARE AND ACCORPANYING DOCUMENTATION
COFFERED TO ¥OU ONLY OW THE CONDITION THAT ¥oU ACCEPT ALL OF
THE FOLLOWING TERME. TO ACCEFT THE TERME OF THIS LICEMZE,
CLICK "TACCEPT" AND PROCEED WITH THE DOWHLOAD OR INSTAILL.
IF ¥OU DO NOT ACCEPT THESE LICENMZEE TERLIE, CLICK "IDO NOT
ACCEPT," AND DO NOT DOWHNLOAD OR IMATALL THIZ BOFTWARE.

NON-EXCLUSIVE SOFTWARE LICENSE AGREEMENT
FOR MICROCHTP MPLAR® ¢ COMPILFER FOR PIC32 MOTIS SOFTWARE Y

(") | do not accept the terms of the license agreement

IMPORTANNT: -

(3 accept the terms of the license agreement

< Back " Nest = ][ Cancel

]

Accept the agreement and click Next.

MPLAB® Tools
Start Copying Files

Review zettings before copying files,

Setup has enough information o start copying the program files. [F you want to review or

change any settings, click Back. If you are zatizfied with the zettings, click Mest to begin
copying files.

Current Settings:

C:\Program Fileshhicrochiph,

Setup tppe selected: Complete
Components selected:
Senal Memony Devices
2-bit MCUz and Keelog devices.
16-bit MCUz and DSCs
32 bit MCU =
REAL ICE CMD

Destination Directon: |

E3
is'\ MICROCHIP

< Back ]E..........ﬂ..e”” |[ Caricel

Click Next.

15



Installation will start:

MPLAB® Tools X

Setup Status .
@ MICROCHIP

MPLAE Toals +8.56 is configuring your new software inzstallation.

Yalidating install

Cancel

The installation program may ask you to install HI-TECH C after the MPLAB installation is complete. It is
OK to click Yes and install HI-TECH C although it is not needed for the purpose of this User Guide.

At the end of installation, you may be asked to restart your computer. Make sure that all your open
programs are closed and your data is saved and click Finish restart your computer:

MPLAB® Tools

Inztall5hield Wizard Complete

The InstallShield Wizard has successfully nstalled MPLAB
Toolz w8.56. Before you can use the program, pou rmust restart
your cornputer.

@ Mes, | want bo restart my cormpuber now

() Ma, | will restart my computer later.

Rermove any disks from their drives, and then click Finizh o
complete setup.

16



After your computer restarts, you can start MPLAB from Start->Programs:

@ Cutlook Express

Reroke Assistance

==

& Safari

B visio 2000
@ Windows Media Player
3 Windows Messenger

@ Windows Movie Maker
HI-TECH Software

r!ILﬂ Micrachip

k

MPLAE C32
M@ MPLAE IDE va.5

17
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Maestro

E Documentation
5 MPASMWIN

MPLAE IDE
MPLAE IDE Help

Yisual Procrd

E
(5 Setup MPLAE Tools
=]




Opening Projects

MC Development System is distributed with several example programs that illustrate how to program the
PIC® micro-controller.

To open the example projects, start MPLAB and select Project menu. Select Open.

Project Debugger Programmer Tools  Confi
Project \Wizard. ..

Mew. ..

Open...

Close 4
Set Active Project 4

Guickbuild {no, asm file)

Package in .zip

Clean

Export Makefile

Build all Chrl+F10
Make F1O

Build ConFiguration k
Build Cptions. .. K

Save Project

Save Project As...

Add Files to Project. ..

Add Mew File to Project. ..

Remove File From Project 3

Select Language Toolsuite. ..
Set Language Tool Locations. . .
‘Wersion Contral...

PI1C18 example projects are located under the path:
\bipom\devtools\MPASM\Examples\pic18

Select the project io.mcp:

File narme: | Dpen I

Files of type: IMF'L;'B.B IDE Project Files [*.rmcp) j Cancel

Jump to: I D:A\bipomtdevtools M PASMAE xampleshpic Ej




MPLAB will open the project and display the Project View:

W 10 - MPLAB IDE v8.56 - io.mcw ; o =T

File Edit Wew Project Debugger Programmer Tools Configure Window Help

| DsE|smE  2asan ?|]|—_|Debugv@s*mvammo|@@ | Checksum:ox82d7

Build | Version Contral Find in Files |

R

= D io.mcp

5. [21 source Files

‘ - io.asm
(22 Header Files
[ Chject Files
) Library Files
23 Linker Script

.00 Other Files

[PIC 18452 [0 [movzdec [ [barkd | [

Double click on io.asm to open the source file:

[TE - o

= I:I io.mcp

|_:_||:| Source Files
(L oosm),

----- [ Header Files

..... [ object Files

..... D Librar-:'.- FilES ™ DDUI:"E Cl“:k
----- [ Linker Scripk to Dpenl:ll
! assembly
----- Cther Fil
(53 Other Fies source file
i0.35m

] Files || *% Symbols

19



The io.asm assembly language source file will appear:

10 - MPLAB IDE v8.56 i e
File Edit Wew Project Debugger Programmer Tools Configure Window Help

0= & =L ? H [Debug ~|r & W B @ @ | & # @ | Checksum:0xB2d7

Build | Version Contrel Find in Files |

-lolx]

= [ in.mcp

ED Source Files
: i.asm ; This module is presented here only to serve as & sample for DI

-

program development on BiPOM Electronics micro-controller boar
D Header Fles BiPOM Electronics does not guarantee its functionality

@ Object Files ; with other micro-controller systems.

D Library Files ; Please e-mail any gquestions and suggestions to infolbipom.com
2 Lirker Script
[ cither Files

Module: do.asm

RBewizion: 100

Description: Exanple demonstrates how to access peripheral par
oy MINT-MAX P18 board. A4 led test, a switch test and an

A/D conversion test are included.

(3 Flles ; The Universal Symchronous hsynchronous Pecsiver Transmitter

module of PICLEFS77A is implemented for transmissionsreception

The communication is configured as full duplex asynchronous.

2 bit tranmsmission with 13200 baud rate is selected.

MICRO-IDE Z.LlEC
MPAEH 3.20

[PIC 18452 [0 [movzdec [ [barkd [Ln 1, Col1 NS [WR

20



You can scroll down to see the assembly instructions of jo.asm:

I D:'bipom' devtools'MPASM' Examples', pic18 o' io.asm - |EI|5|
=

list p=18f458 ; list directive to define proc

finclude <plE2F458. incs ; processor specific wariable d

CONFIG LVP = OFF , 03C = HZ , BOR = ON , BORVY = 45 , WDT = OFF,

COUMT1 RES Z
COUMTZ RES E

; Program starts here
; Turn comparator function off on PORT D

movlw 07h
mowwE CHCON

; Set all PORT B pins as oubtputs

; Writing a 0 to a TRISE bit makes the corresponding port p
morlw L'ogooooon!

mowrE TRISE

bsf DORTE, & ; prewent reset

; Zet all PORT I pins as oukbputs

; Writing a 0 to a TRISD bit makes the corresponding port p
movl L'ooogooooo!

mo ek TRIED

; Loop forewer
loop clrf PORTD ;Make all PORT I outputs logic O -
_>I_I

—_ Thmd mme

[l |

Select Project->Build All to build the project:

|Eroject Debugger  Programmer  Tools  Conf

Project Wizard. .,

Mew, ..

Cpen...

Close »
Sek Active Project 3

Guickbuild/frmo . asm file)

Package in .zip

Clean

Export Makefile

Build Al Ctrl+F10

Make F10
Build Configuration 3
Build Options. .. 3

Save Project

Save Project as. ..

&dd Files to Project...

Add Mews File to Project, .,

Remaowve File From Praject »

Select Language Toolsuite. .
Set Language Tool Locations. ..
Wersion Cantral...

21



The project will build, io.asm file will be compiled and an io.hex output file will be generated. The results
of the Build are displayed in the Build Window:

=101

Build | Yersion Caontrol | Find in Files |

Debug build of project "Dihipomydewvtools\WMPASM\Examplesipict 8iokio.mop' started.
Language toal versions: MPAIMWIN exe w8 37, mplink.exe +4.37, mplib.exe w437
Freprocessor symbol "__DEBUG' is defined.

Sun Sep19193:32:59 2010

Clean; Deleting intermediary and output files,

Clean: Deleted file "DiibipomidevtoolsiPASKM\Examplesipicl Sioyio.o".

Clean:; Deleted file "Dbipomidewvtools\WMPASMExamples\picT Byichio.ern",

Clean: Deleted file "Diibipomidevtools\WMPASM\Examplesipict Siokio hex".

Clean: Deleted file "Dibipomidewvtools\WMPASMExamplesipicT Byichio.lst"

Clean: Deleted file "Diibipomidevtools\WMPASM\Examplesipict Syioyio.cof".

Clean:; Deleted file "Dibipomidewvtools\MPASMExamplesipicT Byiohio.mcs".

Clean: Done.

Executing: "D\Program Files\MicrochiphbPASHM Suite\MPASMWIN exe" /g /p18F458 "io.asm" "iolst" fe"io.er" /d__DEBUG=1
Executing: "D:\Program Files\Microchip\hPASKM Suiteymplink.exe" /p18F458 "io.o" ju_DEBUG fz__MPLAB_BUILD=1 jz__MPFLAB_DEBUG=
MPLINE 4. 37. Linker

Copyright (c) 1998-2010 Hicrochip Technology Inc.
Error= 0

Loaded DibipomidewvtoolsiPASMExamplesipic 8iic\io.cof.

Debug build of project "Dibipomidevtools\MPASM\Examplesipic] 8iickio.mcp' succeeded.
Language toal versions: MPASMWIN. exe w5 37, mplink.exe +4.37, mplib.exe w437
Freprocessor symbol "__DEBUG' is defined.

Sun Sep 191933302 2010

BUILD SUCCEEDED =
4| | H

22



Downloading Programs

To download projects, Micro-IDE is used. We have created project files for both Micro-IDE and MPLAB
for all the PIC® examples. The code can be developed and simulated in MPLAB and downloaded to the
actual hardware using Micro-IDE. Micro-IDE also has a terminal emulator window that allows monitoring
the RS232 serial output from the MINI-MAX/P18 board.

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

ACcessories
Micro-IDE k @ Help For Micro-IDE
Microsaft Yisual Studio 6.0 (M EE  Micro-IDE

Microsoft Access @ Help For Basic Compiler BASCOM-3051

fa
=

Microsaft Excel

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

Welcome E x|

Wielzome ta Micro-IDE Program Development Envvironment.

What do pau want ko gtart with:

" Create a new project Cancel |

% Dpen existing project

¥ Show thiz dislog at startup.

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

23



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/P18 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/P18
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 open the COM port and connect the terminal to the
MINI-MAX/P18.

Make sure the MINI-MAX/P18 board is powered and connected to the PC as described in the section
Installing Hardware.

Open the jo.prj project that is under:

\bipom\devtools\MPASM\Examples\pic18

24



2 x

Lu:n:uk_in:l_-" i j = £ Ed-

File name: | Open I
Files of type: IF'n:.ie.:t file [*.pr) j Cancel |

&

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

Download

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

47%

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

x| —
4 Succeszz wriiting 32 bytes

Succesz witing 32 bytes
Success wiiting 32 bytes
Succeszz wriiting 32 bytes
Succesz witing 32 bytes
Succeszz wriiting 32 bytes
Succeszz wiiting 26 bytes

1| |

Buld | Debug| FindinFiles 1| FindinFiles 2 Loader

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

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 io.hex that
you just downloaded starts executing.

The program io.hex will blink the LED’s that are connected to PORT D on MicroTRAK’s I/O Module.

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 and the LED’s will not blink any more.
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Creating Projects

To create your own project, start MPLAB. Select Project->New:

Praoject Debugger  Programmer  To

Project Wizard. ..

Open. ..

Close
Set Active Project

Quickbuild o, asm File)

Packagein . zip
lean

Build Configuratian
Build Cptions. ..

Save Projeck

Save Projeck As, ..

Add Files bo Project, ..,
Add Mew File to Projeck, .
Remaove File From Project

b

Select Language Toalsuite, .,
Set Language Taoaol Locations. ..
Wersion Contral, ..

Specify project name and location:

Mew Project

— Project Mame

Itest

— Project Directony

Iu::'\tesd

Browsze. . |

Help |

o]

Caricel |

Click OK.
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Create a new file by selecting File->New:

File Edit Wiew Project Debugger Progra

Add Mew File ko Project, ..

Qpern. .. Chrl+
Close Ckrl+E

Save Zhrl+5

Save Bs...

Save Al ChelShift+-5

Cpen Warkspace, ..
Save Workspace
Save \Warkspace As. ..
Close Warkspace

Imnport...
Export...

Print, .. Zhel P

Recent Files »
Recent \Waorkspaces »

Exit

MPLAB will open a new window and show the empty file:

a test - MPLAE IDE ¥8.56 : (5]

File Edt WYiew Project Debugger Programmer Tools Configure Window Help

J DEE| il (A AR ¢ J Debugv&?"‘w"ﬂ%‘0|®@ J Checksum: 0x82d7

PICIEF453 Wi [novzdee bankD [ln 1, Col1 ™5 [WR
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Select File->Save As:

File Edit Wiew Project Debugger Progrs

[ew

CErl4-M

Add Mew File ko Project, ..

Open. ..
Close

el
Ctrl+E

SaYE

RIS

Save Al

CErlH-ShifE+S

Open Workspace. ..
Save Workspace
Save Waorkspace As. ..
Close Warkspace

Imnport...
Expaort...

Primt, .

ChrlH-F

Recent Files

Recent \Waorkspaces »

Exit

Save the file as test.asm to c:\test folder:

2l x|
Save in: Ilﬂ' best j 0 1'}' i
File name: — |test.asn| Save I

Save as ype: I.-'-‘-.ssembl_l,l Source Files [*.asm;* a5 inc: g j Cancel |
Jurnp b I D \bipom'.devtoolzs M PASRAE wampleshpic :j
Encoding: I,-ﬁ,NSl j
[~ &ddFile Ta Project A
Click Save.
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Now add this new file test.asm to the test project. Select Project->Add Files to Project:

Project Debugger  Programmet  Tools  Conf
Project Wizard. ..

Mew. ..

Open...

Close »
Set Active Project 4

Cuickbuild (na, asm file)

Package in .zip

Clean

Export Makefile

Biuild &l Chrl+F10
Make Fi0

Build Configuration 4
Build Options. .. 4

Save Project
Save Project As,..,
Add Files to Project. ..

Add Mew File ko Project. ..
Remaove File From Project b

Select Language Toolsuite,
Set Language Tool Locations. .
‘ersion Contral, ..

Select test.asm from c:\test to add to the project:

Add Files to Projeckt ilﬂ

Lock jr: |20 test j QO

File name: |test.asm Open I
Cancel |

Files af type: I.-i'-.sseml:ul_l,l Source Files [*.azm)

-
=

Jurnp b I C:htesth,

Remember thiz zetting
' Auto: Let MPLAB IDE guess

™ User: File[z] were created especially for this project, use relative path
™ Spstern: File[z] are external to project, uze absolute path

Click Open.
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In the test.asm source file window, type the following to configure the program for PIC18F458
microcontroller:

list p=18f458
#include <p18F458.inc>
CONFIG OSC =HS , BOR=0ON, BORV =45, WDT = OFF, STVR = ON

Note: When typing, put a tab character before each line in the assembler. Otherwise you may get
warnings from the assembler.

list command specifies the microcontroller type as PIC18F458

#include defines the include file to include in this project. In this case, we use the include file
p18F458.inc that contains the PIC18F458 specific register names and definitions.

CONFIG command specifies the special hardware configuration values for PIC18F458. In this case:
OSC = HS ( this means, we selected high speed crystal as the clock source )
BOR = ON ( this means that Brownout detect feature is enabled )

BORYV = 45 ( this means that the Brownout value is set at 4.5 Volts, supply voltages below 4.5 Volts will
results in microcontroller reset )

WDT = OFF ( Watchdog timer is disabled )

STVR = ON ( A stack overflow will reset the PIC18F458 )

The resulting source file window will look like this:

M C:test'test.asm™ o ] 1

list p=l2£4L2

finclude =pl8F458 incs

CONFIG 0O5C = HS , EOR = ON , EBORYV = 4L | WDT = OFF, STVE = ON
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Now type the following small assembly language program:
moviw b'00000000’
movwf TRISC

moviw b'11111111'
movwf PORTC

b is the symbol for binary notation. For example, b'11111110" is the equivalent of 254 decimal or FE
hex.

TRISC is the data direction register for I/O PORT C. PORTC is the data register for /O PORT C.

This simple program sets first bit of PORT C ( also referred to as RCO ) as an output and then clears this
bit.

Finally, add the keyword END at the end of your program to tell the assembler where the program ends.
The resulting source file will look like this:

Il c:\test'test.asm ;IEIEI

Il

li=t p=13£458

fiinclude <pl83F4528 incs
COMNFIG O5C = H® , BOR = ON , BORYW = 45 | DT = OFF, STVE = 0N

morl k'ogoooooo!
mourE TRISC

mowl L'llll1110!
mouvrE FORTC

ENI

1ot o

Save the file by selecting File->Save.
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The next step is to build the project. Select Project->Build All:

Project  Debugger  Programmer  Tools  Confi
Project Wizard...

(=T

Dpen...

Close »
Sek Active Projeck k

Guickbuild o, asm file)

Package in .zip

Clean

Export Makefile

Build &l Chrl+F10

Make Fi0
Build Configuration »
Build Options. .. »

Save Project

Save Project As,..

#dd Files to Project, ..

#dd Mew File bo Project. ..

Remove File From Project k

Select Language Toolsuite. ..
Set Language Tool Locations. ..
Yersion Control, ..

On the first build, MPLAB will prompt with the following question:

Absolute or Relocatable? x|

Do wou want thiz project to generate abszolute or relocatable code?
[You can change this later in the Buld Options dialog an the "Suite’ tab.]

Abzalute Helocatable

Select Absolute.
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MPLAB will open the Build Window and build the project successfully if the source file was typed
correctly:

=lolx|

Build | Wersion Contral I Find iri Files I

Debug build of project "ctestitest mep' started.

Language tool versions: MPASKWIN. exe +5.37, mplink.exe w4.37, mplib.exe w4.37
Preprocessor symbol __DEBUG' is defined.

Sun Sep 19 22:35:58 2010

Clean: Deleting intermediary and output files.

Clean: Deleted file "Citestitesto”.

Clean; Deleted file "Chitestitest err.

Clean: Deleted file "Citestitest hex".

Clean: Deleted file "Chtestitest|st".

Clean: Deleted file "chitestitest.cof".

Clean: Done.

Executing: "DA\Program Files\MicrochiphWMPASM Suite\MPASMWIN. exe" /i /n18F458 “estasm” /"est st fe"testen” /d__DEBUG=1

Executing: "DAProgram Files\Microchip\MPASM Suiteymplink.exe" /p18F 458 “testo" jJu_DEBUG /z_ MPLAB_BUILD=1 /z_ MPLAE_DEBUG=1 jo"test.cof" /b
MPLINE 4.37. Linker

Copyright {c) 1998-2010 Microchip Technology Inc.
Errors 0

Loaded chitesttest cof.

Debug build of project "citestitest mep' succeeded.

Language tool wversions: MPASKWIN. exe w537, mplink.exe w4.37, mplib.exe w4.37
Preprocessor symbol __DEBUG' is defined.

Sun Sep 19 22:36:01 2010

BUILD SUCCEEDED

1] | »l

The successful build generates several files, including test.hex which is the output file that will be
downloaded to the MINI-MAX/P18 board.
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Simulation

You can simulate the micro-controller and single-step through your program without actually having the
MINI-MAX/P18 connected to your PC. MPLAB has a built-in PIC® microcontroller simulator

To start the simulation, first specify the simulator/debugger to use by selecting
Debugger->Select Tool->MPLAB SIM. MPLAB SIM is the simulator that is built-in to MPLAB.

Cebugger  Programmer  Tools  Configure

Clear Memory  k 1 MPLAE ICD 2
2 PICki 3
3 MPLAE SIM

4 REAL ICE
3 MPLAB ICD 3

We will start the simulation by resetting the 18F458 microcontroller ( in simulation mode ). Select
Debugger->Reset->Processor Reset:

Debugger  Programmer  Tools  Configure  Window  Help

Select Tool b T
Clear Memary ’ J IDEbUﬂ 'lﬁ = |

Run Fa
Anirnake

Halt =
Skep Into F7
Skep Over Fa
Skep Out

MCLR Reset
Watchdog Timer Reset

Breakpainks. .. Fz

BErown Ouk Reset

Stopitatch

Zomplex Breakpoints
Stimulus »
Profile r
Clear Code Coverage
Refresh PM

Setkings. ..
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This will reset the simulated microcontroller and place the current program position indicator ( Program
Counter ) on the first executable line of code:

Il c:".testh test.asm

list

I’ movl

e |

p=l2£458

fiinclude “plE8F458_ incs

CONFIF 03C = H3 , EBOR

b'oooooooo!
TRIZC

k'lllllliino
FORTC

BOERY

=10l x|

WOT = OFF,

]

)

.

The green arrow shows the current instruction that is about to be executed.

Selecting the Debugger menu, you will notice that there are keyboard shortcuts for Simulator operations:

F7 for Step Into
F8 for Step Over
F9 for Run

F2 for Breakpoints

These keyboard shortcuts are faster and easier to use than menu operations and are recommended.
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Press F7 and the green arrow will move to the next executable instruction:

Il c:test' test.asm =10 x|

[

list p=l8f4ka

finclude “pl8F458. incs
CONFIG 0O3C = HE , BOR = ON , BORY = 45 , WDT = OFF, STVER = ON

movlw  b'00000000
C» mowvwef  TRIEC

movlw k'l111111100"
mo e PORTC

END

Lot o

To view the simulated PIC18F458 registers, select View->Special Function Registers:

Wiew Project  Debugger  Progr
Project
Ckpuk

Toolbars r

PRI Registers
Callstack
Disassembly Lisking
EEFR.CIM

File Registers
Flash Diata
Hardware Stack
L0 Pl

Locals

MEm@ry.

Program Memoary
SER [ Petiphetals

Special Function R
Watch

1 Memary Usage Gauge

Simulator Trace
Simulatar Logic &nalyzer
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Special Function Registers window will appear:

Il Special Function Registers - |I:I|i|
Address | SFR Newe | Hex | -
THR3 FPrescale O=00
FFD TS J=x0aoooo
FFE ToSH O=x00
FFD T34 O=x00
FFF To3T O=x00
Foz TRISA Ox7F
Fa3 TRISE OxFF
Fo4 TRISC OxFF
Fa5 TRISD OxFF
Foa TRISE O=x07
F40 TEEQCCN O=x00
Fda TEBODO O=x00
F47 TEBOD1 O=x00
F45 TEBODZ O=x00
F49 TEBODS O=x00
Fah TXBOD4G O=x00 _J
F4EB TEBODS O=x00
F4cC TEBODS O=x00
F4D TXBODY O=x00
F45 TEEODLC O=x00 ~

Click on SFR Name column to sort by SFR name. Scroll to TRISC. The value of TRISC is now FF hex.
This is the default value upon reset.

Press F7 to step one more instruction. This will cause the instruction
movwf TRISC
to execute and this instruction will assign the value of W ( Accumulator ) to TRISC. Since W was

assigned a value of b'11111110" ( FE hex ), TRISC will now have this value. The new value of TRISC is
updated and shown in the Special Function Registers window:
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Il Special Function Registers - | Ellﬂ

pddress | SFR Name | Hex | -
THR3 Preszcale Ox00
FFD  TOS Jx000000
FFE  TOSH 0x00
FFD  TOSL 0x00
FFF  TOSU 0x00
Foz TRISA 0x7F
Fa3 TRISE OXFF
F94  TRISC OxFE
FI5  TRISD OxFF
F96  TRISE 007
F40  TZBOCON 0x00
F46  TZBODD 0x00
F47  TZBOD1 0x00
F45  TZBODZ 0x00
F43  TZEOD3 0x00

F4L  TZBOD4 0x00 _J
F4B  TZXBODS 0x00
F4C  TZBODG 0x00
F4D  TZBOD? 0x00

F45  TXBODLC 0x00 -

Another convenient method of watching variables and special function registers is to use the Watch
window. Select View->Watch:

View Project Debugger  Progi

Projeck
Cukpuk

Toolbars k

P Registers

Call Stack:
Disassembly Lisking
EEFPR.CM

File Registers
Flash Data
Hardware Stack,
L0 Pixel

Locals

Mermarsy:

Prograrm Mermoary

SER. [ Peripherals

Special Function Registers

1 Memory Usage Gauge

Simulator Trace
Simulator Logic Analvzer

This will open Watch window. Select the Special Function Register to be watched from the left pull down
list. In this case, we are using PORTC in our program so we can watch the value of PORTC:
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Add 5FF | [CEIEER ﬂddSymbd”_BDH_DFEﬁL =]
FIR3 .
PLUSWO eS|
PLUS W1
PLUS W2
PORTA,
PORTE
[PORTC |
PORTD
PORTE
[Watch1 |boetEe | watch 4]
POSTDECZ
POSTINCO
POSTINCI
POSTINC2
PR2
PREINCO
PREINC
PREINCZ
PROD
PRODH
PRODL
PSPCON
RCOM
RCREG
RCSTA
Fi=BOCON
Ri=BODO
R=BOD1
RxBOD2

Tpds Syrbol Name | Value I
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After selecting PORTC, click the Add SFR button. PORTC will be added to the list of variables to be
watched and its current value will be displayed:

. o [=] |
ﬁddSEH”F‘DHTE v| f-‘«dngmbnl“_BDH_DFF_EL |
Tpdate I Addresszs I Svnbol Name | Value I
Faz FPORTC O=00

Watch1 Watch 2| Watch3| watch 4|

Press F7 twice to single step over the lines:

moviw b'11111110'
movwf PORTC

The value of PORTC will change from to FE hex:

&dd SEHl I.&DEDND TI &dd Syml:u:ull I_BEIFE_EIFF_EL j

Tpdate Addrezzs Symbol Name | Value
PORTC

Watch1 Watch2| watch 3| watch 4|
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Debugging

There are few options for debugging your programs on the MicroTRAK/P18. You can use the LCD
display, LED’s on /O Module and/or printing to RS232 terminal as visual means to debug your program.
Alternatively, you can use an In-Circuit Debugger (ICD) provided by Microchip. Table 1 shows various
options for debugging:

Debugging using LCD display, LED’s on 1/O Module and/or printing to RS232
terminal as visual means to debug

PICKit™ 3 Debugger from Microchip

MicRocHIP
MPLAB® ICD 2

&
&

ICD2 Debugger from Microchip

ICD3 Debugger from Microchip

Table 2
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Debugging with ICD2

You can skip this section if you do not have a Microchip ICD2 Debugger.

For effective debugging, MINI-MAX/P18 supports Microchip ICD2 Debugger; this must be purchased
separately. While it is possible to debug simple programs by printing to terminal, LCD display or by
activating LED’s, a hardware debugger such as the ICD2 is a very valuable tool that allows single-
stepping through your PIC18F programs as they execute on the actual microcontroller, setting hardware
breakpoints and watching microcontroller registers and program variables.

ICD2 Debugger connects to MINI-MAX/P18 through a simple adapter board from BiPOM called PIGGY.
A photo of PIGGY is shown in Figure 2:

Figure 2

To setup MINI-MAX/P18 for debugging:

¢ Disconnect the power from MINI-MAX/P18 board

¢ Remove the PIC16F648 from its 18-pin DIP socket. You can use a small flat head screwdriver or a
special IC extractor tool for this purpose. Be careful not to bend the pins of PIC16F648.

e Observe correct direction and plug the PIGGY into the 18-pin DIP socket.

e Check whether 2 jumpers are installed to X3 jumper block. See Figure 3:

26-RB5

34-RB3

12-UDD
X3

5(@-6)¢
3 @)4
1((&-€))2

Figure 3

e Connect ICD2 Debugger to USB interface and install USB drivers.

e ICD2 comes with a 6-wire cable that has RJ11 ( phone jack ) style connectors on each end.Connect
one end of the 6-wire cable to ICD2 Debugger.

e Connect the other end of the 6-wire cable to ICD2 adapter which is installed to MINI-MAX/P18 board.

IMPORTANT NOTE! DO NOT POWER THE TARGET BOARD (MINI-MAX/P18) UNTIL THIS POINT.
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Figure 4 shows a photo of the complete setup:

A0QannanGg
a0

W
L ACKLIGH

ni AN

<A

. TO0
VBREADBOARD2 ™

Figure 4
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To start the debug session:

¢ Run MPLAB and open the icd2 test project ( Project->Open
:\bipom\devtools\MPASM\Examples\ICD2)

o Build the project ( Project->Build All)

e Select Debug tool (Debugger->Select Tool->MPLAB ICD2)

Build | “ersion Contral | Find in Files| MPLAB ICD 2 |

Connecting to MPLAB [CD 2

..Connected

Setting Vdd source to target

Target Device PICTGFE77A found, revision = b3
..Reading ICD Froduct 1D

Funning ICD Self Test

..Faszsed

FFLAB ICD 2 Ready

o Go to Debugger->Settings->Power and check if “Power target circuit from MPLAB ICD2”
checkbox is unchecked. This is very important. Please make sure that this checkbox is always
unchecked when you create a new project.

e Connect RS-232 cable to the target MINI-MAX/P18 board and to COM port of your PC.
e Power the target MINI-MAX/P18 board
e Press “Update” button

e Target Vdd should display correct voltage ( about 5V)

MPLAB ICD 2 Settings

Statuz | Communication Limitatiu:uns| Paver |F'n:ugram Yerziohs | Warnings

Target dd 496
Target Ypp 14.30 [ Ipdate l
MPLAR ICD 2 %pp 14,38

YWaluesz are updated on connection, requests to
update, and power zetting changes

[ ] Pawser target circuit from MPLAR ICD 2 (5 Wdd]
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e Run Micro-IDE and press “Connect” icon button.

EE Micro-IDE
File Edit ‘iew Buld Project Debug Tools Window Help

o |

CREEEEEEE|EEEH 08D
EOIEIEE

Tetrminal + a] x|

e Press “Program Target Device” to download the code to the target MINI-MAX/P18 board:

 MPLAB IDE v7.01

File Edit Wiew Project Debugger Programmer Tools  Configure  window  Help
|DeW imE 28| e E B S @ | Cheos
@pse | viivnroB

—Program targat devics [ ]

= ic_d2.mcp
(= Source Files | Build || Wersian Cantral | Find in Files | MPLAB ICD 2

- oled2asm Connecting to MPLAE ICD 2

i Header Files Connected

- Object Files Setting %dd source to target
Library Files Target Device FIC16F3774 found, revision = b3
- Linker Scripts ..Feading ICD Product ID

- Other Files Funning ICO Self Test

..Passed

MPLAE ICD 2 Ready
Frogramming Target...
Malidating configuration fields
...Erasing Part

...Programming Program kMemory (0x0 - 01 EF)
..Loading DebugExecutive
...Programming DebugExecutive
..Programming Debug Wector
erifying...

...Program Memony

..Debug Executive

..Debug Wector

CMWerify Succeeded
Frogramming Configuration Bits
.. Config Memory

“erifying configuration memory...
Werify Succeeded

Caonnecting to debug executive
...Programming succeeded
MPLAE ICD 2 Ready

M Output
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e Press “Step Into” to start Debug Session

4

| mne

. y
DA A e

L S Shen Into

I C:\BIPOM\DEVTOOLS\MPASMAEXAMPLESMICD2MCD 2. ASM

ATLCDIN equ B ; define pin rmamber of
ADCCLE e 3 ; define pin nambher of —
ADCCSE aqu & ; define pin namber of .
=== ======== BESET CODE = =s=s===s=========
RESET OBz Ozx000 ; pProcessor reset vectui
clrf PCLATH ; ensure page bits are
goto start ; go to beginnhing of pr
e e MATM CODE @ 00 -
start
clrf INTCON ; disable peripheral in
; GIE (INTCON=7=) =0 -
s INITIALIZE PORTS W ———-———————————e
‘ bof ETATUS, RFO ; select EFER
bof BETATUS, ERP1 ; bank 0
clrf PORTA ; Injitiali=ze the ports |
clrf PORTE ; clearing output

e Set breakpoint

hank=szel PORTL

B

movrl 0x03 ; load the muamher of le
mourE coutd ; into countd
i LEDr TEST -—-————————————-

e Press “Run’
| »|m
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e Micro-IDE terminal shows the results of debug session

[ &4 & | B

BFEEEEEE| |BEE 0| ST
|2 8| % %[ [ [l @
Terminal P |

Checling LED= and buzzer. ..
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Important: LVP mode

If the code is debugged using ICD2 debugger the LVP ( low-voltage programming) mode will be disabled
automatically. If LVP is disabled it is impossible to download any code to the board using built-in
PIC16F648 programmer because it uses LVP method.

In order to solve that issue and enable LVP:

e Run MPLAB and open the enLVP test project

( Project->Open C:\bipom\devtools\MPASM\Examples\EnableLVP\enLVP.mcp )
Build the project ( Project->Build All)

Select Programmer tool (Programmer->Select Programmer->MPLAB ICD2)

Erase the part (Programmer->Erase Part)

Program the part ( Programmer->Program)

Build | Yersion Contral | Find in Files | MPLAB ICD 2

Connecting to MPLAB ICD 2
..Connected

Setting Wdd source to target
Target Device PICTEFE77A found, revision = b3
..Reading ICD Product 1D
Funning ICD Self Test

..Fassed

MPLAB ICD 2 Ready

Erasing Target Device...
..Erase Succeeded

MPLAB ICD 2 Ready
Programming Target...
~Malidating configuration fields
..Erasing Fart

~.Programming Program Memary (0x0 - 0x7)
Werifying...

..Program Memaory

Merify Succeeded
Programming Configuration Bits
.. Config Memory

Werifying configuration memaory...
Merify Succeeded
..Programming succeeded
MPLAB ICD 2 Ready
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Debugging with PICKit™ 3 Debugger

You can skip this section if you do not have a Microchip PICKit™ 3 Debugger.

For effective debugging, MINI-MAX/P18 supports Microchip PICKit™ 3 Debugger; this must be
purchased separately. While it is possible to debug simple programs by printing to terminal, LCD display
or by activating LED’s, a hardware debugger such as the PICKit™ 3 is a very valuable tool that allows
single-stepping through your PIC18F programs as they execute on the actual microcontroller, setting
hardware breakpoints and watching microcontroller registers and program variables.

PICKit™ 3 Debugger is shown in Figure 5:

Figure 5

PICKit™ 3 Debugger connects to MINI-MAX/P18 through a simple adapter board from BiPOM called
PIGGY. A photo of PIGGY is shown in Figure 6:

RN

Figure 6

PIGGY is normally designed for ICD2 Debugger but PICKit™ 3 Debugger can also be connected using a
small adapter piece called “RJ11 to ICSP adapter” ( Part#: AC164110 from Microchip ). Figure 7 shows
this adapter kit:

Figure 7
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To setup MINI-MAX/P18 for debugging:

¢ Disconnect the power from MINI-MAX/P18 board

¢ Remove the PIC16F648 from its 18-pin DIP socket. You can use a small flat head screwdriver or a
special IC extractor tool for this purpose. Be careful not to bend the pins of PIC16F648.

e Observe correct direction and plug the PIGGY into the 18-pin DIP socket.

o Check whether 2 jumpers are installed to X3 jumper block. See Figure 8:

26-RB5

34-RB3

12-UDD
X3

5(@-6)¢
3 @)4
1((&-€))2

Figure 8

e Connect PICKit™ 3 Debugger to USB interface and install USB drivers.

¢ PICKit™ 3 Debugger comes with a 6-pin female connector that connects to the 6-pin pin connector on
RJ11 to ICSP Adapter. Connect PICKit™ 3 Debugger to RJ11 to ICSP Adapter. Connect RJ11 to
ICSP Adapter to PIGGY using the cable that has RJ11 ( phone jack ) style connectors on each end (
this is provided with RJ11 to ICSP Adapter ).

e Connect the other end of the 6-wire cable to PIGGY which is installed to MINI-MAX/P18 board.

IMPORTANT NOTE! DO NOT POWER THE TARGET BOARD (MINI-MAX/P18) UNTIL THIS POINT.
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Figure 9 shows a photo of the complete setup:

1650
o0ao.
0

(satsid]
1100000000

|

. T0
ADBOARDAY VBREADBOARD2

Figure 9
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To start the debug session:

¢ Run MPLAB and open the io project ( Project->Open \bipom\devtools\MPASM\Examples\pic18\io )
¢ Build the project ( Project->Build All)
e Select Debug tool (Debugger->Select Tool->PICKit 3)

Build | Version Control | Findin Files  PICKit3 |

FICkit 3 detected

Caonnedting to FICkit 3.

Firrrware Suite Wersion..... 01.26.26
Firrmware bype. e FIC18F
FICkit 3 Connected.

Target Detected

CAUTION: Check that the device selected in MPLAB IDE (FPICT3F458)
is the same one thatis physically attached to the debug

tool. Selecting a 5% device when a 3.3% device is connected

can resultin damage to the dewvice when the debugger checks

the dewice 10

Device ID Rewision = 00000005

o Go to Debugger->Settings->Power and check if “Power target circuit from PICKit 3” checkbox
is unchecked. This is very important. Please make sure that this checkbox is always
unchecked when you create a new project.

e Connect RS-232 cable to the target MINI-MAX/P18 board and to COM port of your PC.
e Power the target MINI-MAX/P18 board
o Press “Refresh Voltage” button under Status tab

e Target Vdd should display correct voltage ( about 5V)

PICkit 3 Settings _ 2=l
W arnings I Fowmer I Limitations |

Froagrarm Memory I Configuration | Freeze on Halt Status
—Werzions

Firnware Suite Wersion................ 01.26.26

Algarithm Plugin Yersion................... 01.12.04

OS Wersion........ 01.11.06
—Yalkage

PICKi 3WDD . e B.00

Click OK.
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e Run Micro-IDE and press “Connect” icon button.

Ef Micro-IDE E@@

File Edit ‘iew Buld Project Debug Tools Window Help

=

e Press “Program Target Device” to download the code to the target MINI-MAX/P18 board:

Buid | Version Control | Findin Files  PICKit 3 |

FICkit 3 detected

Connecting to FICkit 3.

Firmware Suite Yersion...... 01.26.26
Firmaare e, FIC16F
FICkit 3 Cannected.

Target Detected

CAUTION: Check thatthe device selected in MPLAE IDE (PICT8F458)
is the same one that is physically attached to the debug

tool. Selecting a 5% device when a 3.3% device is connected

cah resultin damage to the dewvice when the debugger checks

the device 1D

Dewvice 1D Revision = 00000005

Frogramming...
Frogramming™erity complete
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o Press “Step Into” to start Debug Session. By clicking Step Into button many times, you can single step
through the program:

Il D:' bipom' devtools'MPASM Examples', pic18 o, . |EI|1|
; Turn comparator function off on PORT I j
movly O7h

mowwE CHMCON

; 8et all PORT B pins as oukbpuks

; Writing a 0 to a TRISE bit makes the corresponding port p
movl bL'ooooooon!

morE TRIZSE

b=f PORTE, & ; prewent reset

; et all PORT I pins as outpuats

; Writing a 0 to a TRISD bit makes the corresponding port p
mo iy b'oooooooo!

morrE TRISD

; Loop forewer

loop clrf PORTL ;Make all PORT I cutputs logic O —
call Lelay
morlte k'11111111" ;fut FFh into accumulator
e PORTL ;Make all PORT I ocutputs logic 1
call Delay
goto loop ;Loop
. il.')elagr movl 0Offh ;hizsign the delay counter inhitial w

e COTNTL
mourE COUNTZ

Lelayl -
L« "_ e _»]_I

e Press “Run”

The yellow LED’s on I/O Module on MicroTRAK will blink as the program runs.

Important: Due to a design shortcoming in PICKit™ 3, this tool can be used only for debugging but not
for programming. PICKit™ 3 does not actively control PIC18F458 reset line to allow programming.
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MicroTRAK/P18 Complete Carrier Board

Overview

MicroTRAK/P18 Complete includes MicroTRAK Carrier Board, MINI-MAX/P18 Microcontroller Board,
TB-1 Training Board, PROTO-1 Prototyping Board, /0 Module for PIC®, LCD242 LCD, KP1-4X4
Keypad, Cables, Adapter, Training Manuals, Labbook, Micro-IDE, example projects, MPLAB with
Assembler, Debugger and Simulator (free download from Microchip®), Serial downloader.

-

ABC
2
GHI  JKL
4 5
PRS  TUV
7 8
OPER
0

*

s

0
V¥BREADBOARDZ2

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 I/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 from 6 to 12 Volts DC

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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I/O Module

Overview

I/O Module is a highly useful part of MicroTRAK training kit system for use with MINI-MAX/P18 Single Board
Computers (SBC). MicroTRAK is the ultimate training kit and project development platform with microcontrollers.

/0 Module allows access to all input/output (I/O) ports of the PIC18F458 micro-controller on the MicroTRAK
development platform. 1/0 Module has 32 switches to control the PIC18F458 microcontroller inputs and 32 LED'’s to
indicate the port statuses as logic LOW or logic HIGH.

1/0 Module is powered from a 5 Volt regulated DC power source through the 36-pin input/output connector.

L T ATy
TRITRR

/O Module has the following configuration:

. 36-pin pluggable module connector

. Two 32-pin expansion connector footprints ( for soldering of wires or connectors by the user )
. 32 DIP switches to control the PIC18F458 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/P18 Micro-controller Board

Overview

MINI-MAX/P18 is a general purpose, low-cost, highly reliable, and highly expandable micro-controller
system. It is based on the Microchip Technology PIC18F458 single-chip Flash micro-controller. This
microcontroller features

¢ 32K In-System Re-programmable Downloadable Flash Memory

1.5K RAM

256 bytes of EEPROM data memory

15 Interrupt Sources

Two 8-bit Timers / counters with prescalers

One 16-bit timer / counter

Two 16-bit compare / capture PWM modules

10-bit 8-channel ADC

Two analog comparators

Programmable UART Serial Channel

SPI1 and Master I12C Serial Interfaces

Controller Area Network (CAN) Bus

Programmable Watchdog Timer

Brown-out detector

33 general purpose I/O pins

MINI-MAX/P18 board complements these features by providing
512-byte EEPROM (optional 128-Kilobyte EEPROM)

RS232 Serial Port

In-circuit Programming of the micro-controller through the serial port
Precision reference voltage source for ADC

Keypad connector

LCD connector (with programmable contrast adjustment for LCD)
Expansion bus interface to low-cost peripheral boards.

MINI-MAX/P18 board also supports PIC16F877A, PIC18F442 and PIC18F452 micro. These devices are
pin compatible with the PIC18F458 and can be directly placed into the MINI-MAX/P18 PLCC-44 socket.

MINI-MAX/P18 is a highly reliable system:

e 2-layer Printed Circuit Board

e Hardware Watchdog timer of PIC18F458 provides protection against software failures and lock-ups.

o PIC16F648 In-System programmer supports Software Watch-Dog timer. Timeout is selectable from 1
to 127 seconds. If this function is activated, the PIC18F458 should communicate with PIC16F648
through 12C bus to prevent RESTART. When PIC18F458 fails to communicate with PIC16F648, the
PIC16F648 will generate a RESET signal for PIC18F458.

o PIC16F648 generates reliable RESET signal in power-up and in brownout.
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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.

Functional Blocks

Figure 1 shows block diagram of the MINI-MAX/P18 system

6-12V @100mA LINEAR +5V
POWER SUPPLY
PIC16F648 PWM LCD
IN-CIRCUIT CONNECTOR
PROGRAMMER
RS-232
INTERFACE
EEPROM
PIC18F458
(optional other EXPANSION
CRYSTAL PIC18XXX or CONNECTOR
PIC16FXXX)
VOLTAGE KEYPAD
REFERENCE CONNECTOR
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Micro-controller

MINI-MAX/P18 has a Microchip PIC18F458 micro-controller (U2). Micro-controller ports and power lines
are provided on a 20-pin Expansion bus (J4) for interfacing to peripherals and other external circuits.
PIC18F458 has five ports: 6-bit PORTA, 8-bit PORTB, 8-bit PORTC, 8-bit PORTD and 3-bit PORTE. All
of these port pins can be used as general I/0.

Four PORTB lines and three PORTE lines are available on the LCD connector. PORTE lines can be
used as analog inputs. Some of PORTA, PORTB and POTRC lines are available on the Expansion
connector for general I/O or have special alignments such as asynchronous serial port, interrupt inputs,
A/D inputs, and timer inputs. PORTD is available on the keypad connector.

MINI-MAX/P18 has Pulse Width Modulation (PWM) circuit, which can vary LCD contrast. Alternatively it
can be used as a low speed analog output.

More information on the PIC18F458 micro-controller can be obtained from Microchip’s web site at
www.microchip.com.

Using the Analog to Digital converter

PIC18F458 has an 8-channel 10-bit analog to digital converter. It can use on-board +5V power (Vcc) as
reference voltage. For best accuracy and noise performance, ADC can be configured to use external
reference that is provided on the MINI-MAX/P18 board. It is permanently connected to RA3. Also, for this
purpose MINI-MAX/P18 board has separate ground circuit for analog signals. This circuit is RA2 (pin #7
on expansion connector). JP3 jumper should be set to use RA2 as the analog ground. MINI-MAX/P18
board comes with JP3 jumper, already installed at the factory.

EEPROM

MINI-MAX/P18 uses a 24C04 (U5) 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 128 Kilobytes).

In-System Programming

PIC18F458 micro-controller can be re-programmed remotely over the RS-232 interface using a second
micro-controller on the board ( PIC16F648 ). The in-circuit programming feature simplifies program
development on the board since downloading programs from a host PC takes only few seconds.

MC Development System based on Micro-IDE Integrated Development Environment from BiPOM
Electronics fully supports in-system programming on the MINI-MAX/P18 board using the serial port. A
Windows-based program WinLoad from BiPOM Electronics is provided to download programs to the
MINI-MAX/P18 board.

Also, BiPOM Electronics provides a special piggyback module called PIGGY. Using this module, the
user can connect the Microchip MPLAB-ICD to MINI-MAX/P18.

Microchip's In-Circuit Debugger, MPLAB-ICD, is a powerful, low-cost development and evaluation kit for
the FLASH PIC16F87XA microcontroller (MCU) family. MPLAB ICD utilizes the In-Circuit Debugging
capability of the PIC16F87XA. This feature, along with Microchip's In-Circuit Serial Programming™
(ICSP™) protocol, offers cost-effective in-circuit FLASH programming and debugging from the graphical
user interface of the MPLAB Integrated Development Environment (IDE). A designer can develop and
debug source code by watching variables, setting break points, and single-stepping. Contact Microchip
Technology’s Web site at www.microchip.com for information on how to use the MPLAB ICD.
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Keypad connector

8 pins of PORTD are connected to the Keypad connector. Many different keypads (for example, 3 by 5
or 4 by 4) can be connected directly to the keypad connector. 5 Volt and Ground power lines are also
available on the Keypad connector. This connector can also be used as a general-purpose port.

Keypad Connector (J1)
Signal Pin
RDO
RD1
RD2
RD3
RD4
RD5
RD6
RD7
Ground
Vcce

SO0 N|O[O|B[WIN|(—

0

Table 1.

LCD Connector

This connector is intended for various types of alphanumeric LCD modules. RB0O, RB1, RB2, RB4 are the
4-bit data bus, REO, RE1, RE2 are the control signals. All these lines can be used as general purpose
I/0. REO-RE2 can serve as analog inputs. Vee is a slow analog PWM output to adjust contrast of LCD
display. Alternatively, it can be used as a general-purpose analog output.

LCD Connector (J3)

Signal Pin Pin Signal
Ground 1 2 Vce
Vee 3 4 RE2
REOQ 5 6 RE1
N/C 7 8 N/C
N/C 9 10 N/C
RBO 11 12 RB1
RB2 13 14 RB4

Table 2

Power Supply Unit

MINI-MAX/P18 series boards come with a 6 Volt unregulated DC power supply. Other power supplies
can also be used although this invalidates the warranty. External power supply should be able to supply 6
to 12 Volts DC at minimum 100mA current. The inner pin of the power supply connector is positive and
the outer ring is negative.

WARNING: Correct polarity should be observed when applying external DC supply to Power terminal;
otherwise MINI-MAX/P18 will be permanently damaged.

MINI-MAX/P18 has an on-board 5 Volt regulator (U3).

CAUTION: Depending on the current requirements of the any external circuitry such as peripheral
boards that are attached to MINI-MAX/P18 and the level of input voltage applied, the power regulator U3
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.
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Asynchronous Serial Port

One asynchronous RS232 serial port (J2) is available on MINI-MAX/P18.

U1 converts micro-controller's RXD and TXD pins to/from RS232 levels. U1 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 J2. 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/P18 in program or run modes. Therefore, user
applications must not use CTS line.

RS232 Serial Port (J2)

Signal Pin
Not Connected
Receive (RXD)
Transmit (TXD)
Not Connected
Ground

Not Connected
RTS

CTS

Not Connected

Table 3

OO |N[O|O|HR|WIN|—

Many users try to use HyperTerminal to send some data bytes to a MINI-MAX/P18 board. HyperTerminal
forces a board to PROGRAM MODE by RTS line. PIC programs can not be executed if HyperTerminal
occupies the RS-232 port. We advise to use Micro-IDE terminal window instead of HyperTerminal.

Expansion

Most of the micro-controller pins and the 5-Volt power supply lines are available on the 20-pin MINI-
MAX/P18 Expansion connector (J4) for interfacing to external circuitry, prototyping boards and peripheral
boards. MINI-MAX/P18 peripheral boards can be connected either as a piggyback daughter-board on
MINI-MAX/P18 using standoffs or can be placed up away from MINI-MAX/P18 using a 20-wire ribbon
cable. Peripherals section lists the available expansion boards. Table 4 shows the pin assignments for
the MINI-MAX/P18 Expansion connector.

MINI-MAX/P18 Expansion (J4)

Signal Pin Pin Signal
RC7 20 19 RC6
RB6 18 17 RB3
RC1 16 15 RA4
RCO 14 13 RA5
RB7 12 11 RC2
RAO 10 9 RA1
RC5 8 7 RA2
RC3 6 5 RC4
VCC 4 3 GND
VCC 2 1 GND
Table 4
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Peripherals

MINI-MAX/P18 can be connected to a wide variety of low-cost peripheral boards to enhance its
functionality. Some possibilities are:

Prototyping board (PROTO-1)

Training Board (TB-1)

4-digit 7-segment LED display board
12-bit Analog-To-Digital Converter Board
Digital Input/Output Expander Board

Real time clock + 128 MB flash card board
Terminal board

Reed relay board with 4 relays

Power relay board with 2 relay

Stepper motor driver board

Peripheral boards can either be stacked on top of MINI-MAX/P18 using stand-offs or connected in a
chain configuration using flat ribbon cable. Figure 2 shows how MINI-MAX/P18 can be connected to a
peripheral board in a stacked fashion. Figure 3 shows chain connection.

FERIPHERAL | UOUOOOOOH IJI ””
BOARD

MINIFWAR { PIC ’7 1‘ AT, - . STANDOFF

BOARD L] |_|

Figure 2

P I -t A0 C FERIFHERAL BOARDS

O O O O O O

O O O O O O

Figure 3

More details concernig BiPOM Peripheral boards are available from the link below:

www.bipom.com/peripherals.php
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RS232 Devices

Various keypads and terminals may be connected to the RS232 port of MINI-MAX/P18 through
connector J2. MINI-MAX/P18 can be connected to a host PC through the RS232 port. For example,
MINI-MAX/P18 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 a NULL-Modem cable. MINI-MAX/P18 end of this
cable should be a 9-pin Female D connector for connection to J2 on the MINI-MAX/P18 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/P18 board comes with a NULL modem (LapLink) cable that has the following wiring
connections:

MINI-MAX/P18 9-pin Host PC 9-pin Female
Female

RECEIVE DATA (RXD)
TRANSMIT DATA (TXD)

TRANSMIT DATA (TXD)
RECEIVE DATA (RXD)

(N W([N
N[OOI N|W

GROUND GROUND

RTS CTS

CTS RTS

MINI-MAX/P18 9-pin Female Host PC 25-pin Female

RECEIVE DATA (RXD)
TRANSMIT DATA (TXD)

TRANSMIT DATA (TXD)
RECEIVE DATA (RXD)

(N |W([N
IO N[N

GROUND GROUND
RTS CTS
CTS RTS

Table 5
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Software

MPASM development system provides a lot of examples for the MINI-MAX/P18 board to access on-
board peripherals and perform self-diagnostics.

Please download the development system from www.bipom.com/mmpicsoft.php
Also, WinLoad Windows Loader is available to download program codes to the MINI-MAX/P18:

65



Board Layout
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TB-1 TRAINING BOARD

Overview

Training Board TB-1 allows performing various experiments with most microcontrollers.
TB-1 features:

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

2 interrupt inputs

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

4 channels of 8-bit analog inputs
Programmable buzzer

Expansion bus to other boards

TB-1 is already connected to the MINI-MAX/P18 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:

Buzzer Analog Inputs
\ Analog/Digital
- | > > = 3 Converter
O D0 O\ DO
o of ot| o® o? ol
Button1
3| o6
= ®
S %0 .
Interrupt ‘ 4 %% Expansion
Inputs 1 R% gg
o @ T
= ®®
% ®®
Button2 O
19 29 [39 4° \
“ @ ™\ Electronic
. | EE + Fuse
‘ Timer/Counter
Inbuts
Green LED
Red LED
Yellow LED
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Functional Blocks

Expansion
TB-1 is connected to MINI-MAX/P18 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 1" P1.1

P1.2 10 9 P1.3

P1.4 8 7 P1.5

P1.6 6 5 P1.7

VCC 4 3 GND

VCC 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.

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.
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Interrupt Inputs

Port pins P3.2 and P3.3 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

Port pins P3.4 and P3.5 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 ADCO0834, 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

Using the MicroTRAK as a frequency counter: Student develops a PIC® program to measure the
frequency and/or period of an incoming signal using PIC18F458’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 a PIC® 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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