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Preface

NOTICE TO CUSTOMERS

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our web site
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This number is located on the bottom of each
page, in front of the page number. The numbering convention for the DS number is
“DSXXXXXA”, where “XXXXX” is the document number and “A” is the revision level of the
document.

For the most up-to-date information on development tools, see the MPLAB® IDE on-line help.
Select the Help menu, and then Topics to open a list of available on-line help files.

INTRODUCTION

This chapter contains general information about this user’s guide and customer support
that will be useful prior to using the PICDEM™ Mechatronics development kit. Items
discussed in this chapter are:

* Document Layout

» Conventions Used in this Guide

« Warranty Registration

 Recommended Reading

» The Microchip Web Site

« Development Systems Customer Notification Service

¢ Customer Support

« Document Revision History

 Troubleshooting

© 2006 Microchip Technology Inc. DS51557C-page 1
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DOCUMENT LAYOUT

This document describes how to use the PICDEM™ Mechatronics Demonstration
Board. The manual layout is as follows:

e Chapter 1: PICDEM Mechatronics — An overview of the PICDEM Mechatronics
Demo Board. PCB layout, parts and how to connect the provided jumper wires to
the board.

e Chapter 2: Example Projects — Projects that describe how to read the sensors
on the board, drive the LCD and control several motors. These motors include a
Brushed DC (BDC) motor and a bipolar stepper motor.

« Chapter 3: Troubleshooting — Provides resolutions for solving common
problems associated with using the PICDEM Mechatronics Demo Board.

* Appendix A: Hardware Schematics — lllustrates the PICDEM Mechatronics
Demo Board hardware schematic diagrams.

e Appendix B: LCD Segment Mapping Worksheet — Provides the LCD Segment
Mapping Worksheet.

DS51557C-page 2 © 2006 Microchip Technology Inc.
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description Represents Examples

Code (Courier font):

Plain characters Sample code #define START
Filenames and paths c:\autoexec.bat
Angle brackets: < > Variables <label>, <exp>
Square brackets [ ] Optional arguments MPASMWIN [main.asm]
Curly brackets and pipe | Choice of mutually exclusive argu- errorlevel {0]1}
character: {|} ments; An OR selection
Lowercase charactersin | Type of data “filename”
quotes
Ellipses... Used to imply (but not show) addi- list
tional text that is not relevant to the [“list option...,
example “list_option”]
0oxnnn A hexadecimal number where n is a 0xFFFF, 0x007A

hexadecimal digit

Italic characters A variable argument; it can be either a | char isascii (char,
type of data (in lowercase characters) | ch) ;

or a specific example (in uppercase
characters).

Interface (Arial font):

Underlined, italic text A menu selection from the menu bar | File > Save
with right arrow

Bold characters A window or dialog button to click OK, Cancel

Characters in angle A key on the keyboard <Tab>, <Ctrl-C>
brackets < >

Documents (Arial font):

Italic characters Referenced books “MPLAB® IDE User’s
Guide”

© 2006 Microchip Technology Inc. DS51557C-page 3
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WARRANTY REGISTRATION

Please complete the enclosed Warranty Registration Card and mail it promptly.
Sending in your Warranty Registration Card entitles you to receive new product
updates. Interim software releases are available at the Microchip web site.

RECOMMENDED READING

It is recommended that you become familiar with the documents listed below, prior to
using the PICDEM Mechatronics Demo Board.

PICKit™ 2 Microcontroller Programmer User’s Guide (DS51553)

Consult this document for instructions on how to use the PICKkit 2 Microcontroller
Programmer hardware and software.

MPLAB® ICD 2 In-Circuit Debugger User’s Guide (DS51331)

Consult this document for information pertaining to Microchip’s In-Circuit Debugger,
MPLAB ICD 2. MPLAB ICD 2 utilizes the in-circuit debugging capability built into the
Flash devices.

PIC16F91X Data Sheet (DS41250)

Consult this document for information regarding the PIC16F91X 28/40/44-pin
Flash-based, 8-bit CMOS Microcontroller with LCD Driver device specifications.

PIC16F631/677/685/687/689/690 Data Sheet (DS41262)

Consult this document for information regarding the PIC16F631/677/685/687/689/690
20-pin Flash-based, 8-bit CMOS Microcontroller device specifications.

PIC12F508/509/16F505 Data Sheet (DS41236)

Consult this document for information regarding the PIC12F508/509 8/14-pin
Flash-based, 8-bit CMOS Microcontroller device specifications.

MPLAB® IDE, Simulator, Editor User’s Guide (DS51025)

Consult this document for more information pertaining to the installation and features
of the MPLAB Integrated Development Environment (IDE) Software.

Mechatronics Design Center

The Mechatronics Design Center (www.microchip.com\mechatronics) provides a
wealth of information on design applications involving Mechatronics. All documentation
is in Adobe® Acrobat® (pdf) format.

DS51557C-page 4
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THE MICROCHIP WEB SITE

Microchip provides online support via our web site at www.microchip.com. This web
site is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the web site contains the following
information:

* Product Support — Data sheets and errata, application notes and sample
programs, design resources, user’s guides and hardware support documents,
latest software releases and archived software

« General Technical Support — Frequently Asked Questions (FAQs), technical
support requests, online discussion groups, Microchip consultant program
member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip
press releases, listing of seminars and events, listings of Microchip sales offices,
distributors and factory representatives

DEVELOPMENT SYSTEMS CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip’s customer notification service helps keep customers current on Microchip
products. Subscribers will receive e-mail natification whenever there are changes,
updates, revisions or errata related to a specified product family or development tool of
interest.

To register, access the Microchip web site at www.microchip.com, click on Customer
Change Notification and follow the registration instructions.

The Development Systems product group categories are:

e Compilers — The latest information on Microchip C compilers and other language
tools. These include the MPLAB C18 and MPLAB C30 C compilers; MPASM™
and MPLAB ASM30 assemblers; MPLINK™ and MPLAB LINK30 object linkers;
and MPLIB™ and MPLAB LIB30 object librarians.

« Emulators — The latest information on Microchip in-circuit emulators. This
includes the MPLAB ICE 2000 and MPLAB ICE 4000.

 In-Circuit Debuggers — The latest information on the Microchip in-circuit
debugger, MPLAB ICD 2.

« MPLAB® IDE - The latest information on Microchip MPLAB IDE, the Windows®
Integrated Development Environment for development systems tools. This list is
focused on the MPLAB IDE, MPLAB SIM simulator, MPLAB IDE Project Manager
and general editing and debugging features.

* Programmers — The latest information on Microchip programmers. These include
the MPLAB PM3 and PRO MATE® Il device programmers and the PICSTART®
Plus and PICkit™ development programmers.

© 2006 Microchip Technology Inc. DS51557C-page 5
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CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)

 Technical Support

« Development Systems Information Line

Customers should contact their distributor, representative or field application engineer

(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

Technical support is available through the web site at: http://support.microchip.com

DOCUMENT REVISION HISTORY

Revision A (May 2005)
« |nitial Release of this Document.

Revision B (June 2005)

* Changed PIC® Communicator to PIC® MCU Communicator.

Revision C (September 2006)

e Changed ANO to C1-
* Changed J2 to J1
e Changed J12 to J13

TROUBLESHOOTING

See Chapter 3 for information on common problems.

DS51557C-page 6
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Chapter 1. PICDEM ™ Mechatronics

1.1 INTRODUCTION

The PICDEM™ Mechatronics is intended to be a learning tool for individuals interested
in Mechatronic design. Mechatronics refers to integrating electronic controls into
mechanical systems or replacing mechanical components with an electronic solution.

PICmicro® microcontrollers are ideal for use in Mechatronic systems due to their small
size, high efficiency, speed and abundance of peripheral configurations. Mechatronic
systems range in complexity from a simple electromechanical switch with output
multiplexing to the complex stabilizer control of a supersonic jet. The appliance and
automotive markets are notable markets in which mechatronic designs are becoming
more common place. The modern washing machine, for instance, once an entirely
mechanical design, incorporates microcontrollers to manage cycle times, read human
inputs and regulate the speed of the agitate and spin cycles.

This chapter introduces the PICDEM™ Mechatronics development board. It describes
the PCB layout, parts and electrical connection to the PICkit™ 2 Flash Programmer
and MPLAB ICD 2 In-Circuit Debugger.

1.2 HIGHLIGHTS

This chapter discusses:

¢ Quick Start Guide

e The PICDEM™ Mechatronics Development Kit Contents
e The PICDEM™ Mechatronics Layout

* Required Tools

* PICDEM™ Mechatronics Setup

» General PICDEM™ Mechatronics Information

© 2006 Microchip Technology Inc. DS51557C-page 7
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1.3 QUICK START GUIDE

The PICDEM Mechatronics Demo Board is programmed at the factory with a
demonstration program. The board must be configured as described in this chapter in
order to use the demonstration program. Once the board is configured and powered
up, the speed of the Brushed DC (BDC) motor on the board may be varied using the
potentiometer (POT1). The 8-hit hexadecimal interpretation of the position of POT1 is
displayed on the LCD.

Board Setup

Using the provided wire jumpers, screwdriver and shunts (2-pin black hard plastic
jumpers), configure the board as shown in Figure 1-1.

1. Attach the leads of the Brushed DC motor to Drive 1 and Drive 2 using the
screwdriver.

Connect POT1 (on J4) to C1- (on J13) using a wire jumper.

Connect P1 (on J1) to RD7 (on J10) using a wire jumper.

Connect N2 (on J1) to RD2 (on J10) using a wire jumpetr.

Connect the right and center pins on JP8 using a shunt.

a LN

Board Power-Up

Supply power to the board in one of the following ways:

e Connect a 9-12 Vbc (0.75 amp minimum) supply using J9 (see note below)

e Connect a 9-12 Vbc (0.75 amp minimum) supply to the P21 and P20 screw
terminals.

« Connect a 9 VDC battery to the battery connector.
e Connect a 5 VDc (1.2 amp minimum) supply to TP2 or TP3.

Note: The power supply part number is AC162039 (see buy.microchip.com). Packaged
with the MPLAB ICD 2, the part number is DV164007.

Demonstration Program

Press CLR FAULT (SWS5), which is near the bottom right corner of the board. Turn
POT1 clockwise to increase the speed of the motor. Note that the number displayed on
the LCD increases as you turn the potentiometer clockwise.

Try experimenting with the other sensors on the board:

« Move the jumper wire on POT1 (J4) to Light (J4). Vary the intensity of light shining
on the light sensor located near the top left corner of the board. Notice what
happens to the motor.

* Move the jumper to TEMP (J4). Blow on the temperature sensor located on the
top left corner of the board. Note what happens to the number displayed on the
LCD.

« Move the jumper back to POT1. Move the jumper from N2 (J1) to DO (J14). Watch
what happens to the intensity of LED DO as you turn the potentiometer.

DS51557C-page 8 © 2006 Microchip Technology Inc.
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QUICK BOARD SETUP

FIGURE 1-1:
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1.4 PICDEM™ MECHATRONICS DEVELOPMENT KIT CONTENTS

The PICDEM™ Mechatronics Development Kit contains the following items:

1. The PICDEM™ Mechatronics Printed Circuit Board (PCB) with motors
Pre-programmed PIC16F917 PICmicro® device

10 wire jumpers

8 2-pin shunts

CD-ROM including:

« PICDEM™ Mechatronics User’s Guide

*  Workshop-in-a-Box presentation for training students on the board
(speaker notes included)

+ Data sheets for the PIC16F91X, PIC16F631/677/685/687/689/690
and motors

« Application notes and other technical documentation
6. Sample kit including a PIC16F690 and PIC12F509 device
7. Microchip screwdriver
8. Registration Card

a s LN

1.5 PICDEM™ MECHATRONICS LAYOUT

The PICDEM™ Mechatronics is shown in Figure 1-2.

A PIC16F917 microcontroller is populated in the 40-pin socket, in which 22 out of the
36 available 1/0 pins are dedicated connections to several components on the board.
The remaining 14 pins are available for the user to connect to the other components on
the board, using the provided jumper wires. The dedicated connections connect to the
following components:

e Switch 1 —1 pin: MCLR

e LCD - 17 pins: VLCD1, VLCD2, VLCD3, COMO, COM1, COM2, COM3, SEGO,
SEG1, SEG2, SEG3, SEG6, SEG11, SEG16, SEG21, SEG22, SEG23

« In-Circuit Serial Programming™ Connector — ICSPDAT, ICSPCLK, MCLR

* RS-232 COM port — 2 pins: RX, TX

A 20-pin socket is provided and is compatible with 8/14/20-pin Flash-based

microcontrollers. A PIC16F690 microcontroller is provided to use in the 20-pin socket,

in which 5 out of the 18 available 1/0 pins are dedicated connections to several

components on the board. The remaining 13 pins are available for the user to connect

to the other components on the board using the provided jumper wires. The dedicated

connections connect to the following components:

e Switch 1 — 1 pin: MCLR

« In-Circuit Serial Programming (ICSP™) Connector — ICSPDAT, ICSPCLK, MCLR

* RS-232 COM port: RX, TX

Note: Only one microcontroller should be loaded into the board at any given time.

Dedicated pins are indicated by a white box enclosing the pin designation next to each
socket. Pay close attention to this designation, as the functionality of the dedicated pins
are affected by the circuitry these pins are connected to. It is recommended that you
use only the pins not designated as dedicated connections in your design.

The remaining components on the board must be connected to the microcontroller
using the provided wire jumpers. The jumpers connect between the headers on either
side of the microcontroller and the header pins next to the respective components on
the board. The components on the board are labeled in Figure 1-2.

DS51557C-page 10
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PICDEM MECHATRONICS DEMO BOARD HARDWARE

FIGURE 1-2:
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The reasons for requiring you to use the provided jumpers to connect components to
the microcontroller are three-fold.

1. You will gain knowledge and experience by physically connecting components to
the microcontroller.

2. There are more peripherals than pins on the microcontrollers so that you can do
more with the board.

3. Should you choose to use the board to experiment on your own, the board allows
you the flexibility to do so. You can try experimenting with peripherals not
covered in the projects in Chapter 2. “Example Projects”.

1.6 REQUIRED TOOLS

One of the following programming tools is needed in order to complete the projects in
the next chapter:
« PICKit™ 2 Microcontroller Programmer (Part# DV164120)
« MPLAB® ICD 2 In-Circuit Debugger/Programmer (Part# DV164007 includes a
9 Vbc power supply and serial cable)

Figures 1-3 and 1-4 illustrate how to connect each of these tools to the PICDEM
Mechatronics Demo Board.

1.7 PICDEM™ MECHATRONICS SETUP

Please take a moment to review the following steps, prior to using the board. These
steps ensure the board is configured correctly before beginning the projects.

171 Jumper Settings

Remove all 2-pin shunts (jumpers), except for JP8. On JP8, the shunt should be
connected in the right most position (indicated by the “+5V” label), which ensures that
the drive stage is powered by +5 VDc.

1.7.2 Board Power-Up

Supply power to the board in one of the following ways:

e Connect a 9-12 Vbc (0.75 amp minimum) supply via J9. The connector’s polarity
is grounded externally and positive internally.

» Connect a 9-12 Vbc (0.75 amp minimum) supply to the P21 and P20 screw
terminals.

« Connect a 9 VDC battery to the battery connector.

e Connect a 5 VDc (1.2 amp minimum) supply to TP2 or TP3.

When power is initially connected, the “PWR ON” LED should light up. The “FAULT”

LED in the over-current sense circuit will also be on when the board is powered up.

Clear the Fault by pressing SW5 (CLR FAULT) switch. The board is now properly

configured for the projects.
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FIGURE 1-3: CONNECTING THE MPLAB ICD 2 TO THE PICDEM
MECHATRONICS DEMO BOARD

FIGURE 1-4: CONNECTING THE PICKit™ 2 TO THE PICDEM
MECHATRONICS DEMO BOARD

© 2006 Microchip Technology Inc. DS51557C-page 13
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1.8 GENERAL PICDEM™ MECHATRONICS DEMONSTRATION BOARD
INFORMATION

Power Supply Maximum Ratings

Supply voltage: 12 Vbc
Output current (drive stage): 1.2A (total)

1.8.1 Experimentation

The PICDEM Mechatronics Demo Board was designed for your experimentation. After
completing the projects in Chapter 2. “Example Projects”, please experiment freely
on your own. Voltage power supplies and motors, other than those provided in the kit,
may be used.

The driver portion of the board (the part that supplies power to the motors) has an
over-current sense circuit and will trip should the motor draw more than 1.2 amps. The
LM7805 regulator also protects the circuit by limiting the current consumed by the
board. Logic has also been putin place to ensure that the P and N-Channel MOSFETs
connected to each of the output drives can not be turned on simultaneously.

Note: Although reasonable measures have been taken to protect the board from
the occasional mistake, THE BOARD MAY BE DAMAGED if proper design
techniques are not used and special attention to the schematic is not made.

1.8.2 On-Board Status LEDs

There are eight status LEDs on the board specifically provided to assist the user in the
developing and debugging of your code. The user can output register values on one of
the Ports of the microcontroller and have a binary reading of the value of that register.
Connect the LEDs as shown in Figure 1-5. For instance, if it is suspected that the

STATUS register is not being set appropriately, move the STATUS value into PORTC.
If PORTC is attached as shown in Figure 1-5, the LEDs will show the value of STATUS.

DS51557C-page 14
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1.8.3 OVER-CURRENT PROTECTION CIRCUIT

The over-current protection circuit included on the board shuts down the drive portion
of the circuit if the board drives 1.2 amps continually for 100 ms or longer. Upon
powering up the board, the “FAULT” LED will be on. The drive circuit must be reset
manually by pressing the CLEAR FAULT button in the lower right hand portion of the
board every time the board is initially supplied with power. Otherwise, a Fault is present
when the “FAULT” LED is illuminated and must be manually reset by pressing the same
button. If you use your own motor, keep current draw less than 1.2A, as the
over-current protection circuit will not allow driving a motor at or above this rating.

1.8.4 MOTOR CONNECTION

The motors provided on the PICDEM Demo Board must be manually connected to the
Drive screw terminals. The kit includes a Microchip screwdriver to facilitate in making
these connections.

Note: The supplied Brushed DC motor and Bipolar Stepper motor are subject to
change as the motor manufacturers cannot guarantee the same model
numbers will be available indefinitely. Please refer to Microchip’s web page
(www.microchip.com) for the current data sheets for the motors supplied
with this kit, if the motor supplied on your board differs from the motor data

sheets found on the CD-ROM.

1.8.5 SERIAL COMMUNICATION

The JP2 jumper is normally not populated with a shunt. With no shunt present, the
board is configured for serial communications via the PICmicro® USART (or EUSART).
Connecting a shunt between the bottom two pins (TX and RX) allows the user to
transmit and receive serial communication via one pin (jumper between the
microcontroller and the TX/RX pin on JP2).

© 2006 Microchip Technology Inc.
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1.8.6 SNAP-OFF SENSORS

The temperature sensor and light sensor can be snapped off to give greater flexibility
in using these sensors. For example, the temperature sensor may be snapped off and
moved into a more hostile environment, while keeping the board within sight. Once,
snapped off, solder wires of the same length between the adjoining holes (i.e., JP3 and
JP4 for the temperature sensor) on the PICDEM Mechatronics Demo Board and the
sensor board.

1.8.7 BACK EMF SCALING RESISTORS

If choosing to drive your own Brushed DC motor with the PICDEM Mechatronics Demo
Board at a voltage higher than +5 VDc, the Back EMF must be scaled down into a range
of 0-5 VDc. Resistor locations, R55 and R56, are provided for this purpose. These
locations may be populated with resistors to create a simple voltage divider circuit. TP1
is the output of this voltage divider. See the schematic in Appendix A. “Hardware
Schematics” for further clarification.

1.8.8 CURRENT SENSE

The output stage of the board incorporates a simple current sensing circuit, which is
assessable at J15 (CURRENT SENSE). At this pin, the voltage is equal to current

+ 10%. For instance, if a motor is being driven and it is drawing 0.9 amps, the voltage
at the header is 0.9 volts (+ 10%).

DS51557C-page 16
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1.8.9 HEADER/JUMPER FUNCTIONS

TABLE 1-1: HEADER/JUMPER FUNCTIONS

Header/

Jumper # Description
J1" Output MOSFET drive pins.
J2 Full-bridge drive circuit (Drives 1 and 2): Place three shunts vertically on

these pins to create a full-bridge drive circuit incorporating Drives 1 and 2.

J3 Full-bridge drive circuit (Drives 3 and 4): Place three shunts vertically on
these pins to create a full-bridge drive circuit incorporating Drives 3 and
4.

J4" Temperature sensor, light sensor, potentiometers, 32.768 oscillator and
switches signal pins.

J5" Right-side signal pins of the 20-pin DIP socket (U2, pins 11-20).

J6" Left-side signal pins of the 20-pin DIP socket (U2, pins 1-10).

J7* Optical interrupter feedback signal pins.

J10° Right-side signal pins of the 40-pin DIP socket (U1, pins 21-40).

J13" Left-side signal pins of the 40-pin DIP socket (U1, pins 1-20).

J14 LED connect pins.

Ji5" Current sense feedback from the drive stage.

J16" Back EMF feedback signal pins.

JP2 Single-pin serial communication jumper (see Section 1.8.5 “Serial

Communication” for details).

JP8 Drive circuit voltage selection. See diagram on board.

* On these jumpers, the pins are connected in pairs horizontally. This allows
one pin to be used for jumping to/from the microcontroller (using a wire
jumper) and the other pin for probing the circuit with test equipment.

© 2006 Microchip Technology Inc. DS51557C-page 17
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NOTES:
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Chapter 2. Example Projects

2.1 INTRODUCTION

The following projects cover basic mechatronic principles such as reading a sensor,
interfacing to a LCD and driving a motor. These projects also provide examples of how
to use the various PICmicro® microcontroller peripherals. The projects are presented
sequentially so that you will build knowledge as you progress from one project to the
next.

Those who are new to programming PIC® microcontrollers should pay special attention
to the comments in the source code for each of the projects. Though these projects are
not intended to teach you the Microchip Assembly language, you will be able to get a
good grasp of Microchip’s Assembly language by reading the source code.

Microchip has published application notes and other documents covering the
applications in each of these projects. These documents can be found on the provided
CD-ROM. Any updates to the applicable documents are available on Microchip’s web
site. Please reference these documents while exploring each of the projects.

Note: See Section 1.7 “PICDEM™ Mechatronics Setup” for instructions on
how to setup the board to its “initial” condition prior to doing projects.

© 2006 Microchip Technology Inc. DS51557C-page 19
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2.2 LOADING PROJECTS IN MPLAB® IDE

The firmware for the projects is arranged in corresponding project folders in the install
directory for the PICDEM Mechatronics CD. If you installed the CD in the default
directory, the firmware for Project 1 is located in:

C:\PICDEM Mechatronics\firmware\Project1

Opening a Project
Start MPLAB IDE.
In the menu bar choose File -> Open Workspace.

Find the project folder.
Open the * .mcw file.

1.
2.
3.
4,

The project window for Project 1 is shown in Figure 2-1.

FIGURE 2-1:

PROJECT WINDOW

_loix]

= LightLED.mcp
=1- Source Files
{..- LightLED. asm
[=]- Header Files
{..- LightLED.inc
- Qbject Files
- Library Files
- Linker Scripks
- Okher Files

2.3 EXAMPLE PROJECTS

PIC16F917 Projects:

Project 1:
Project 2:
Project 3:
Project 4:
Project 5:
Project 6:
Project 7:

Project 8:

Hello World (Light a LED)

Dusk Indicator Using the Voltage Comparator
Thermometer Using the Analog-to-Digital Converter

Digital Clock Using Timerl

Brushed DC Speed Control with Optical Encoder Feedback
Brushed DC Speed Control with Back EMF Feedback

Stepper Motor Control; Single Stepping, Half Stepping and
Microstepping

PC Interface Using the USART

PIC16F690 Project:
» Project 9: Brushed DC Motor Control Using the ECCP

DS51557C-page 20
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2.3.1 Project 1: Hello World (Light a LED)

When learning to use a new computer language, the first practical lesson traditionally
instructs the user how to print “Hello World” on the screen. Staying with tradition, this
project will make your PICDEM Mechatronics Demo Board say “Hello World” in the
most practical way a microcontroller can — lighting a LED.

Objectives

1. Use the PIC16F917 to read a tactile switch input.
2. Implement switch debouncing.
3. Toggle a LED when a switch is pushed.

Applicable Technical Documents
PICKkit 1™ Flash Starter Kit User’s Guide (DS40051): Exercise 2

Jumper Configuration

« RD7 (J10) to DO (J14)
« RAO (J13) to SW2 (J4)

FIGURE 2-2: PROJECT 1: JUMPER DIAGRAM

J10

FIGURE 2-3: PROJECT 1: SCHEMATIC

VDD

VDD PIC16F917
11/32

R4 VDD
10 kQ

sw2 rRD7 |30
RS 270 Q

| O AN RAO
— 1kQ DO
12/31

Vss

R36

<4
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Instructions
Pressing SW2 toggles LED (DO) on and off.

Discussion

Switch debouncing is done to ensure that mechanical contact chatter in the switch is
not mistaken for more than one button push. Debouncing also ensures that for every
one press of the button, only one function is executed. In this project that function is
toggling a LED.

Note: See Section 2.2 “Loading Projects in MPLAB® IDE” for the location of
the source files for this project and all subsequent projects.
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2.3.2 Project 2: Dusk Indicator Using the Voltage Comparator

If you have yard lights or a porch light at home that automatically turns on at dusk then
you are familiar with the application we will create in this project. The comparator on
the PIC16F917 will be used to compare the voltage level from the potentiometer to the
voltage level out from the light sensor. When the intensity of the light to the sensor is
reduced below the trip point set by the potentiometer, the LED will turn on.

Objectives

1. Use the internal analog comparator module.

2. Implement software hysteresis to stabilize the comparator output.
Applicable Technical Documents

PICmicro® Comparator Tips ‘n Tricks (DS41215)

Jumper Configuration

« C1- (J13) to LIGHT (J4)
« C1+ (J13) to POT1 (J4)
« RD7 (J10) to DO (J14)

FIGURE 2-4: PROJECT 2: JUMPER DIAGRAM
D@ D1 D2 D3 D4 DS D6 D7
- . duessamw
@|RB7/ICSPDAT| ======

RAG/ANG
RA1/AN1

........

[RB3/SEG3 |

RB6/ICSPCLK|
RB3/SEG3

R44 R41
reo Rezi W
resHII

REQ/SEG21
RE1/SEG22|

RC5/CCP1
RC4/SEG11
RD3/SEG16|

@| rRD2/CCP2
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FIGURE 2-5: PROJECT 2: SCHEMATIC
VDD
VDD PIC16F917
11/32
Light Sensor VDD
VDD R31 R36
o VBAT 2lc1- RD7 30
A uF 4 1kQ
GND 270 Q
TSL251RD DO N
5 Cl1+ Vss 12/31
= VDD 1 1
POT1 R10
10 kQ 1 kQ

Instructions

Provide a light source for the light sensor and set Potentiometer 1 to the desired trip
point. Block the light source and LED1 should turn on. Experiment with the set point
and the amount to which you block the light from the sensor. Move your hand slowly in
front of the sensor and note that the LED does not flicker. This demonstrates how
software hysteresis prevents the output of the comparator from chattering near the trip
point.

Discussion

Comparators are found in many PIC microcontrollers due to the versatility and low cost
they offer the user. As you can see, the comparator is one of the more easily used
peripherals. Refer to the Comparator Tips ‘n Tricks pamphlet included on the CD in this
kit for more information on comparators.

DS51557C-page 24
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2.3.3

Project 3: Thermometer Using the Analog-to-Digital Converter

This project shows how to read an analog temperature sensor and display the
temperature on a LCD. The Analog-to-Digital Converter module is used to read the
analog voltage output from the temperature sensor. Then, the resulting value is

converted into degrees Celsius and displayed.

Objectives

1. Use the Analog-to-Digital Converter module on the PIC16F917 to read the

analog voltage output of the TC1047A temperature sensor.

2. Gain knowledge about the LCD module and using the LCD module worksheet.

Applicable Technical Documents

Precision Temperature-to-Voltage Converter (TC1047/A) Data Sheet (DS21498)

Jumper Configuration
« ANO (J13) to TEMP (J4)

FIGURE 2-6: PROJECT 3: JUMPER DIAGRAM
D
FIGURE 2-7: PROJECT 3: SCHEMATIC
VDD
VDD PIC16F917 LCD1
Temp.
Sensor 11/32 VDD
1 COMXx Common
VDD R19 "
c24 outl2 2| ANO pins
Vss C28
I 0.1 uF
TC1047A 1 SEGX Segment
i ins
L 12/31 Vss p
L VIM-332-DP
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Instructions

The LCD displays a temperature reading in degrees Celsius. Breathe on the
temperature sensor or introduce another heat source. The displayed temperature
should rise. Move the jumper wire from the temperature sensor to the potentiometer
(POT1 on J4). Move the potentiometer to view the full range of temperature conversion.

Discussion

The project introduces you to use of the Analog-to-Digital Converter module. One of
the biggest advantages to using a PICmicro® microcontroller in applications that
require temperature sensing is that the microcontroller can be used to calibrate the
temperature sensor reading automatically (over varying supply voltages and process
variations in the parts themselves). This saves the manufacturer costly calibration time
at the factory that is typically required by traditional temperature sensing technologies.

LCD functions were introduced in this project for displaying data on the provided LCD.
Take a look at the LCD worksheet in Appendix B. “LCD Segment Mapping
Worksheet”. This is the same worksheet located in the PIC16F91X Data Sheet
(DS41250), only it has been filled in using the information from the PICDEM
Mechatronics Schematic (see Appendix A. “Hardware Schematics” for the
schematic). In the LCD source code provided in this project, you can see that the
information in this worksheet has been converted into #def ine statements for each of
the segments.

DS51557C-page 26
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234 Project 4: Digital Clock Using Timerl

Most appliances that have a LCD show a clock readout when the appliance is not in
use. In this project, Timerl is used to create a real-time clock readout on the LCD.
Objectives

1. Configure the PIC16F917 to use the 32.768 kHz crystal to clock Timerl.

2. Convert Timerl into seconds, minutes and hours.

Applicable Technical Documents

Clock Design Using Low Power/Cost Techniques Application Note, AN615 (DS00615)

Jumper Configuration

T10SI (J13) to OSI (J4) — See note.

e T10SO (J13) to OSO (J4) — See note.
RA3 (J13) to SW2 (34)

RA4 (J13) to SW3 (J4)

RA5 (J13) to SW4 (J4)

FIGURE 2-8: PROJECT 4: JUMPER DIAGRAM

5/CCP1

RD2/CCP2

RC!
1

Note: Crystal circuits are very sensitive to noise and stray capacitances. In
general, the traces between a crystal and a microcontroller should be as
short as possible. The reason the PICDEM Mechatronics Demo Board
strayed from good design practice was to give you the option to use pins
RA7 and RAG for other functions.
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FIGURE 2-9: PROJECT 4: SCHEMATIC
VDD
T11/32
PIC16F917 LCD1
13
i COMX Common pins
c35 T10SI
- 22 pF
e e
32.768 kHz — = SEGx Segment pins
14111080

VIM-332-DP

VDD I 22 pF VDD

10 kQ
SW2 10 kQ SW4

— R5 2 R9 —
| o— AAA RAO RA3 |2 o |
— 1kQ .
, 1kQ
L RA1
- VDD Vss 12/31 =
R6 ‘
sw3 10 kQ

R7

]
 O—4
1kQ
o—-

Instructions

Use Switch 2 to set the hours and Switch 3 to set the minutes. Pressing and holding
either of these switches will make the hours or minutes increment at a fast rate. Toggle
between displaying the time (hours and minutes) and displaying the seconds by
pressing Switch 4.

Discussion

The 32.768 kHz crystal is used to take the guess work out of creating a clock display.
You may recognize this frequency as being 21° kHz. This makes it very easy to convert
clock pulses to seconds in the binary world of a microcontroller. Every time bit 15 in
Timerl changes, one second has elapsed. A crystal is used because an RC oscillator
will have an unacceptable degree of error after several days.
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2.35 Project 5: Brushed DC Motor Speed Control with Optical
Encoder Feedback
Motor control is required in many mechatronic applications ranging from power
windows to washing machine cycle control. This project will demonstrate speed control
of a Brushed DC motor. Brushed DC motor control is simple as the commutation, or
sequencing of power to the various windings, is automatically performed by the motor’s
brushes. In this project, the Capture Compare PWM (CCP) module will be used in
PWM mode to generate a Brushed DC motor drive. Timerl will measure speed
feedback from the optical interrupter on the board. The optical interrupter circuit
generates a high signal when light passes through the slots in the encoder disk. By
measuring the time between pulses, the speed of the motor can be determined. A
real-life application example includes precision speed control of a fan or hard disk
drive.

Objectives

1. Configure the CCP module to generate a PWM signal.
2. Use a PWM signal to vary the speed of a Brushed DC motor.
3. Configure Timerl to use the optical interrupter as its clock source.

Applicable Technical Documents

Brushed DC Motor Fundamentals Application Note, AN905 (DS00905)

Low-Cost Bidirectional Brushed DC Motor Control Using the PIC16F684 Application
Note, AN893 (DS00893)

Jumper Configuration

« RD7 (J10) to P1 (J1)

+ CCP2 (J10) to N2 (J1)

* ANO (J13) to POT1 (J4)

* RC5 (J10) to Optical Interrupter (J7)

 Attach the motor leads to DRIVE1 (P9) and DRIVE2 (P10).
« J2 and J3 should be unpopulated (no shunts present).

« Connect the right and center pins of JP8 using a shunt.
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PROJECT 5: JUMPER DIAGRAM
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FIGURE 2-11: PROJECT 5: SCHEMATIC
VDD
PIC16F917 LCD1
11/32 COMX —— Common pins
VDD
VDD

POTLS Fi:b?V _ 2 ANO SEGX— Segment pins

10 ke e | co

VIM-332-DP

- I 1000 pF
= VDD

VDD VDD

R20 R11
470 Q 20 kQ

RD7
RC5

D12 N

CCP2
12/31 Vss

Simplified circuit shows
equivalent functionality

Instructions

Use POT1 to adjust the speed of the motor. Turn the potentiometer counter-clockwise
to reduce speed; turn it clockwise to increase motor speed. Multiply the LCD display by
1000 to obtain speed in RPM.

Discussion

With the CCP module operating with 8 bits of resolution, the module can output a PWM

signal at a frequency of 31.2 kHz. This is sufficiently high frequency that motor whine

is outside of the audible frequency for humans. This is especially important in applica-
tions where the motor may turn at slow speeds.

Using an optical sensor to gather feedback from a motor is an integral part of many
mechatronic systems. Some systems require a constant speed over varying loads. An
optical encoder is similar to the optical interrupter circuit used in this project. The
difference is that an optical encoder uses more than one optical sensor (as many as
four) to deduce speed and shaft position.

Note: The optical interrupter circuit is susceptible to interference from outside
infrared light sources (i.e., incandescent lights, sunlight, etc.). It may be
necessary to cover the optical sensor to obtain an accurate reading.
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2.3.6 Project 6: Brushed DC Speed Control with Back EMF Feedback

Project 5 uses an optical encoder to provide motor speed feedback. In this project,

another form of speed measurement will be explored, Back Electromotive Force (Back
EMF). You may be aware that a Brushed DC motor, when turned by hand, will produce
voltage at its leads, becoming a generator. When a Brushed DC motor is being driven,
and then the drive voltage is removed for a brief amount of time, the voltage generated
by the inertia of the motor will be proportional to its speed. This voltage is the Back EMF.

Objectives

1. Effectively read Back EMF using the on-board Analog-to-Digital Converter.
2. Interpret the Back EMF into a speed for the motor.

Applicable Technical Documents

Low-Cost Bidirectional Brushed DC Motor Control Using the PIC16F684 Application
Note, AN893 (DS00893)

Jumper Configuration

* RD7 (J10) to P1 (J1)

* CCP2 (J10) to N2 (J1)

* ANO (J13) to POT1 (J4)

* AN1 (J13) to BACK EMF (J16)

 Attach the motor leads to DRIVE1 (P9) and DRIVEZ2 (P10).
« J2 and J3 should be unpopulated.

« Connect the right and center pins of JP8 using a shunt.
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PROJECT 6: JUMPER DIAGRAM

FIGURE 2-12:
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FIGURE 2-13: PROJECT 6: SCHEMATIC
VDD
PIC16F917 LCD1
11/32 COMX —— Common pins
VDD
VDD

POTLS R;:b?v _ 2 ANO SEGX[— Segment pins

10 ko> 1k | co

R32
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7 AN4 RD7
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12/31 CcCpP2

Vss

10 kQ

VIM-332-DP

4 Back EMF

Motor

U10:A

Simplified circuit shows
equivalent functionality

Instructions

POT1 adjusts the speed of the motor. Set POT1 at 100% to run the motor at full speed.
The speed indicated on the LCD should be similar to the speed shown in Project 5.
Next, run the motor at half speed by setting POT1 to 50% and do the comparison again.

Note: Different motors have different speed characteristics. The motor used at the
time this manual was written may be different from the motor shipped with
your PICDEM Mechatronics Demo Board. Verify that the motor data sheet
included on the CD-ROM matches the motor on the board. If they are
different, go to Microchip’s web site for updates to this project.

Discussion

Back EMF is typically not as accurate as speed feedback from an optical encoder.
However, in many applications the accuracy does not have to be very precise and
measuring Back EMF is more cost effective than any other speed feedback

mechanism.
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2.3.7 Project 7: Stepper Motor Control: Single Stepping, Half
Stepping and Microstepping
This project demonstrates the various ways to drive a bipolar stepper motor. There are
several ways to step a stepper motor, the most basic of which is single stepping, or
moving the motor in one-step increments. If a motor is specified as a 7.5
degrees-per-step motor, then single stepping the motor will result in moving the shaft
of the motor 7.5 degrees per step. Half stepping the same motor would resultin a 3.75
degrees step.

Torque and current are linearly related for a stepper motor. Therefore, if two sinusoidal
currents are applied to the windings, offset by a 90 degree phase shift relative to one
another, then the stepper motor will have constant torque as it turns. This results in a
very smooth rotation of the shaft. Applying current to the windings in this way is referred
to as sine-cosine microstepping.

Objectives

1. Single-step a stepping motor.
2. Half-step the motor.
3. Micro-step the motor.

Applicable Technical Documents

Stepping Motor Fundamentals Application Note, AN907 (DS00907)
Stepper Motor Control Using the PIC16F684 Application Note, AN906 (DS00906)

Jumper Configuration

« ANO (J13) to POT1 (J4)

« RA4 (J13) to SW2 (J4)

« RD7 (J10) to P1 (J1)

« RD6 (J10) to P2 (J1)

« RD5 (J10) to P3 (J1)

« RD4 (J10) to P4 (J1)

« CCP1 (J10) to PWM1 (J1)
« CCP2 (J10) to PWM3 (J1)

 Place three shunts (two pin jumpers) vertically on J2 where it is labeled “Connect
for Full-Bridge”.

 Place three shunts (two pin jumpers) vertically on J3 where it is labeled “Connect
for Full-Bridge”.

» Connect the BROWN lead of the stepper motor to Drive 1 (P9).

» Connect the ORANGE lead of the stepper motor to Drive 2 (P10).
« Connect the RED lead of the stepper motor to Drive 3 (P12).

» Connect the YELLOW lead of the stepper motor to Drive 4 (P11).
» Connect the right and center pins of JP8 using a shunt.
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PROJECT 7: JUMPER DIAGRAM

FIGURE 2-14:
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PROJECT 7: SCHEMATIC

FIGURE 2-15:
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Instructions

Adjusting POT1 varies the speed of the motor. Toggle between single stepping, half
stepping, and microstepping modes by pressing SW2. At low speeds, the motor should
noticeably step in single stepping and half stepping modes. The movement will be quite
jerky in both modes, though to a lesser extent in the half stepping mode. In
microstepping mode, the jerky motion should be virtually eliminated.

Discussion

Stepper motors are used in many positioning applications. For example, ink jet printers
and smaller CNC machines employ stepper motors. Stepper motors are ideal for these
applications because, as long as they are not overloaded, the distance a stepper motor
moves is always known. Stepper motors are also brushless, which makes them more
reliable than brushed motors. Finally, stepper motors are very responsive to starting
and stopping and will produce the highest torque at low speeds.

Half stepping is used to give a stepping motor two times its rated step resolution.
However, there is a word of caution. A stepper motor is typically not rated to have more
than one winding energized at a time. As a result, the motor will heat up if both windings
are energized at the rated voltage of the motor. To offset this, when both windings are
energized simultaneously, the average current to each winding should be 0.707 times
the rated current.

Microstepping offers several advantages over single stepping and half stepping. First,
torque is fairly constant between steps. This results in smoother rotation and decreased
shaft oscillation. Secondly, a higher step resolution is achieved. This means a low-cost
motor can be used in an application that would normally require a more expensive,
higher resolution motor. Finally, the current in the motor windings is being controlled in
away that prevents the motor from running outside its rated current, thereby eliminating
the excess heat associated with half stepping. The drawback to microstepping is that
the drive circuitry is more complex.
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2.3.8 Project 8: PC Interface Using the USART

Communicating with the serial port on a PC is a very useful tool. Applications include
a piece of test equipment that needs to interface to a PC or a design that uses the serial
port during development to configure the device. In this project, the PIC16F917 will use
the USART to receive commands from a PC application. Another notable feature to this
project is that the firmware implements an auto-baud routine to sync up with the
application.

Objectives

1. Use the provided PIC® MCU Communicator GUI to manipulate the I/O on the
PIC16F917.

2. Understand what an auto-baud routine entails.

Applicable Technical Documents

Asynchronous Communications with the PICmicro® USART Application Note, AN774
(DS00774)

Jumper Configuration

« Make sure there are no jumpers or shunts on JP2.
* RD7 (J10) to DO (J14)
« Connect a serial cable between the board and PC

FIGURE 2-16: PROJECT 8: JUMPER DIAGRAM
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FIGURE 2-17: PROJECT 8: SCHEMATIC
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Instructions

Locate the PIC® MCU Communicator GUI in the PIC MCU Communicator folder in
Project 8 on the CD-ROM. Choose the Comm Port and baud rate. Then click “Open
Comm.” Enter “TRISD” in the top Label text field. Enter “088” into the top Addr text field.
Check the top Hex box. Enter “7F” into the Data field. In the box labeled “Bit Control”
enter “PORTD” in the label text field. Enter “008” in the Addr field. Finally, toggle bit 7
using the “T” button under that bit. The LED on your board should toggle on and off.
See Figure 2-18.

FIGURE 2-18: PIC® MCU COMMUNICATOR INTERFACE
34PIC MCU Communicator, Yer 2.1.0.1 =1a=l
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Discussion

The firmware for this project implements RS-232 communication between the PC and
PIC16F917. The USART is used to perform this communication. If a crystal oscillator
were used as the clock source for the PIC16F917, auto-baud would not be necessary.
However, because the PIC16F917 is using the internal RC oscillator, it is necessary to
perform auto-baud. Auto-baud refers to sending out a known character from the PC,
the MCU measures the time it takes to receive the character, interprets this time into bit
width, and then sets up the baud rate registers accordingly for the USART. This method
allows the RS-232 communication to be free from errors on different microcontrollers
and over temperature variations.

The PIC MCU Communicator GUI is included in this project as an example GUI.

However, it is also a great tool for debugging. Experiment with using the GUI to setup
other peripherals on the microcontroller.
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2.3.9 Project 9: Brushed DC Motor Control Using the ECCP

This project is very similar to Project 5, only in this project, we are using the Enhanced
Capture Compare PWM (ECCP) module in the PIC16F690 (see note). In PWM mode,
the ECCP module has four outputs for directly driving an H-bridge circuit. This makes
implementing bidirectional speed control of a Brushed DC motor a simple task.

Note: To change microcontrollers, disconnect power from the board. Remove the
PIC16F917 microcontroller from U1 and install the PIC16F690 in U2.
Reconnect power to the board.

Objectives

1. Configure the ECCP module for Full-Bridge mode.
2. Change motor directions.

Applicable Technical Documents

Low-Cost Bidirectional Brushed DC Motor Control Using the PIC16F684 Application
Note, AN893 (DS00893)

Jumper Configuration

» P1A (J6) to P1 (J1)

* P1B (J6) to N1 (J1)

* P1C (J6) to P2 (J1)

e P1D (J5) to N2 (J1)

* AN2 (J5) to POT1 (J4)

* RAS5 (J6) to SW2 (34)

* Make sure there are no shunts (two pin jumpers) on J2.

« Attach the Brushed DC motor leads to DRIVE1 (P9) and DRIVEZ2 (P10).
« Connect the right and center pins of JP8 using a shunt.
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PROJECT 9: JUMPER DIAGRAM

FIGURE 2-19:
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PROJECT 9: SCHEMATIC

FIGURE 2-20:
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Instructions

Use POT1 to adjust the speed of the motor. SW2 toggles between the following four
modes of operation:

« Motor Off
e Forward
« Motor Off
¢ Reverse

Discussion

The ECCP module is ideal for driving a full-bridge circuit. Dead-band Delay Control and
Automatic Shutdown are some of the other features of the ECCP module when
configured in PWM mode. Dead-band Delay Control allows you to control when the
MOSFETs in the full-bridge circuit are turned on and off, in relation to one another. This
is done in order to automatically account for the MOSFET turn-on and turn-off times.
Automatic Shutdown allows you to define the shutdown state of the ECCP when a
shutdown event occurs.
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NOTES:
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Chapter 3. Troubleshooting

3.1 INTRODUCTION

This chapter describes common problems associated with using the PICDEM™
Mechatronics and steps on how to resolve them.

3.2 COMMON PROBLEMS
3.2.1 VDD Is Below 5V

The board must be powered by one of the following:

* A 9-12 VDcC source at the screw terminals (P20 and P21)
* A 9-12 VDc source at J9

* A9 VDC battery

« A 5VDC power source at TP2 and TP3

Supplying less than 9 VDc at J9 or the screw terminals will not allow the regulator (U3)
to function properly causing VDD to be below 5 VDc.

3.2.2 No Voltage On Drive Stage

There must be a two-pin shunt present on JP8 connecting the middle pin to +5 VDc or
9-12 VDc. This is the supply reference for the drive stage. If the FAULT LED (D8) is on,
the drive stage is disabled. Press the CLR FAULT button (SW5) to enable the drive
stage.

3.2.3 FAULT LED Stays On Or Continues To Trip When SW5 Is
Pressed

Verify that the motor is not drawing over 1.2 amps. Check the voltage at CURRENT
SENSE (J15) before the FAULT LED turns on again. Voltage is equal to the current at
J15, therefore, if the voltage is 1.2V or greater, the drive is drawing too much current or
possibly shorted.

Verify the motor is being driven properly. The N-channel and P-channel MOSFETs on
any given Drive (DRIVE 1, DRIVE 2, etc.) should not be turned on simultaneously. (See
note).

J2 connects the MOSFET control lines for DRIVE 1 and DRIVE 2 and J3 connects the
control lines for DRIVE 3 and DRIVE 4. If shunts are present on J2 and J3, verify that
they are connected intentionally and not from a previous design.

Note: Hardware is in place to ensure the N-channel and P-channel MOSFETs on
a given Drive are not turned on at the same time. However, if you are
switching the N-channel MOSFET rapidly, it is possible for both MOSFETs
to be on at the same time.

© 2006 Microchip Technology Inc. DS51557C-page 47



PICDEM™ Mechatronics Demo Board User’s Guide

3.2.4 Microcontroller Does Not Run After Programming By The
MPLAB ICD 2

When using the MPLAB ICD 2 as a programmer, the microcontroller will not run unless
you disconnect the MPLAB ICD 2 or release the MPLAB ICD 2 from Reset. Figure 3-1
shows the “Release From Reset” button.

FIGURE 3-1: RELEASE FROM RESET BUTTON

LSRR FLe

3.25 Back EMF At J16 Is Floating

Check that a Fault has not occurred by checking that the FAULT LED is off. Verify the
Brushed DC motor is connected between DRIVE 1 and DRIVE 2. In order to measure
Back EMF, DRIVE 1 must float and DRIVE 2 must be grounded (i.e., the N-channel
MOSFET for Drive 2 is the only MOSFET turned on).

3.2.6 Board Is Non-Functional When Microcontrollers Are Installed In
Both U1 And U2

Only one microcontroller should be installed on the board at any given time.

3.2.7 Optical Interrupter Is Not Providing The Expected Feedback

The optical interrupter circuit is susceptible to interference from outside infrared light
sources (i.e., incandescent lights, sunlight, etc.). It may be necessary to block this
source or turn off the light source when using the optical interrupter.

3.2.8 Serial Communication Does Not Appear To Be Working

If using the USART on the PIC16F690 or PIC16F917, note that the TX and RX pins are
already connected. Make sure there is no shunt present on JP2.
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Appendix A. Hardware Schematics

A.1 INTRODUCTION

This appendix contains the PICDEM™ Mechatronics Board Schematic Diagram.

FIGURE A-1: SCHEMATIC DIAGRAM (PAGE 1 OF 7)
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SCHEMATIC DIAGRAM (PAGE 2 OF 7)

FIGURE A-2:
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MICROCHIP DEMO BOARD USER’S GUIDE

Appendix B. LCD Segment Mapping Wor ksheet

B.1 INTRODUCTION
This appendix contains the LCD Segment Mapping Worksheet.
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LCD SEGMENT MAPPING WORKSHEET
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