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Preface

NOTICE TO CUSTOMERS

document.

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

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

INTRODUCTION

This chapter contains general information that will be useful to know before using the
PICDEM™ Lab Development Board. Items discussed in this chapter include:

Document Layout

Conventions Used in this Guide
Recommended Reading

The Microchip Web Site
Customer Support

Document Revision History

DOCUMENT LAYOUT

This document describes how to use the PICDEM™ Lab Development Board as a
development tool to emulate and debug firmware on a target board. The manual layout
is as follows:

Chapter 1. “Overview”

Chapter 2. “Getting Started”

Chapter 3. “General Purpose Input/Output Labs”
Chapter 4. “Comparator Peripheral Labs”

Chapter 5. “Analog-to-Digital Converter Peripheral Labs”
Chapter 6. “PICDEM™ Lab Motor Control”

Appendix A. “Schematic”

© 2009-2015 Microchip Technology Inc. DS40001369C-page 7
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:
DOCUMENTATION CONVENTIONS

Description

Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User's Guide

Emphasized text

...Is the only compiler...

Initial caps A window the Output window
A dialog the Settings dialog
A menu selection select Enable Programmer
Quotes A field name in a window or | “Save project before build”
dialog
Underlined, italic text with A menu path File>Save
right angle bracket
Bold characters A dialog button Click OK

A tab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris the radix and nis a
digit.

4'b0010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#defi ne START

Filenames aut oexec. bat

File paths c:\nmccl8\h

Keywords _asm _endasm static
Command-line options - Qpa+, -Opa-

Bit values 0, 1

Constants OxFF, ‘A

Italic Courier New

A variable argument

file.o,wherefilecanbe
any valid filename

Square brackets [ ]

Optional arguments

nccl8 [options] file
[options]

Curly brackets and pipe
character: {| }

Choice of mutually exclusive
arguments; an OR selection

errorlevel {0]1}

Ellipses...

Replaces repeated text

var _name [,
var _nane. . .|

Represents code supplied by
user

void main (void)
{
}

DS40001369C-page 8
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RECOMMENDED READING

This user’s guide describes how to use the PICDEM™ Lab Development Kit. Other
useful documents are listed below. The following Microchip documents are available
and recommended as supplemental reference resources.

Readme Files

For the latest information on using other tools, read the tool-specific Readme files in
the Readme subdirectory of the MPLAB® X IDE installation directory. The Readme files
contain update information and known issues that may not be included in this user’s
guide.

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 notification 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:

» Compilers — The latest information on Microchip C compilers, assemblers, linkers
and other language tools. These include all MPLAB C compilers; all MPLAB
assemblers (including MPASM assembler); all MPLAB linkers (including MPLINK
object linker); and all MPLAB librarians (including MPLIB object librarian).

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

* In-Circuit Debuggers — The latest information on the Microchip in-circuit
debuggers. This includes MPLAB ICD 3 in-circuit debuggers and PICkit™ 3
debug express.

* 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 IDE Project Manager, MPLAB Editor and
MPLAB SIM simulator, as well as general editing and debugging features.

© 2009-2015 Microchip Technology Inc. DS40001369C-page 9
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* Programmers — The latest information on Microchip programmers. These include
production programmers such as MPLAB REAL ICE in-circuit emulator, MPLAB
ICD 3 in-circuit debugger and MPLAB PM3 device programmers. Also included
are nonproduction development programmers such as PICSTART® Plus and
PICkit 2 and 3.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)
 Technical Support

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 (February 2009)
+ Initial Release of this Document.
Revision B (January 2011)
» Updated for PICkit™ 3.

Revision C (April 2015)

« Updated for MPLAB® X IDE.
» Added Chapter 6 for PICDEM™ Lab Motor Control.

DS40001369C-page 10 © 2009-2015 Microchip Technology Inc.
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Chapter 1. Overview

1.1 INTRODUCTION

The PICDEM™ Lab Development Board supports Microchip’s 8, 14, 18 and 20-pin
8-bit MCUs including accommodation for PIC10F products in the 8-pin PDIP package.
Dual-row expansion headers on either side of each socket provide connectivity to all
pins on the connected PIC® MCU. A solderless prototyping area allows the user to
explore a relatively large number of application examples without making permanent
modifications to the board. Components permanently mounted to the board are
interfaced using expansion headers to the user’s application via jumper wires. A
variable supply voltage allows user’s to supply voltages between 1.2V to 5V to each of
the PIC MCU connection sockets.

1.2 HIGHLIGHTS

This chapter discusses:

+ PICDEM™ Lab Development Kit Contents

PICDEM™ Lab Development Board Construction and Layout
» Target Power

» Connecting the PICkit™ 3 Programmer/Debugger
Solderless Prototyping Area Strip Configuration

1.3 PICDEM™ LAB DEVELOPMENT KIT CONTENTS

The PICDEM™ Development Kit contains the following items:

1. The PICDEM™ Lab Development Board
2. Lab component kit including:

* (1) PIC16F616 DIP

* (1) PIC12F615 DIP

* (4) 10 kQ Resistors

* (4) 1 kQ Resistors

* (8) 470Q Resistors

* (4) 220Q Resistors

* (4) 100Q Resistors

* (1) 10 kKQ NTC Thermistor

* (4) Green LEDs

* (4) Red LEDs

* (4) 1N4148 Diodes

* (2) 0.1 yF Capacitors

* (2) 1 yF Capacitors

* (2) 10 yF Capacitors

* (4) Push buttons

* (10) 5" Jumper Wires

* (10) 3" Jumper Wires

~— O ' ' — ' ~— ~ ~—
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* (10) 1" Jumper Wires
* (4) IRFD9020 P-CH MOSFETs
* (4) IRFD0O10 N-CH MOSFETs
* (2) 100 kQ Potentiometers
3. PICkit™ 3 Programmer/Debugger with USB Cable

1.4 PICDEM™ LAB DEVELOPMENT BOARD CONSTRUCTION AND LAYOUT

The Low Pin Count USB Development Board and populated components are shown in
Figure 1-1.

FIGURE 1-1: PICDEM™ LAB DEVELOPMENT BOARD

B &

A

LY
o)
"

1. PICKit™ 3 Programmer/Debugger Connection Headers (J13, J12 and J6)
a) J13 dedicated to PIC microcontroller socket U5
b) J12 dedicated to PIC microcontroller socket U3
c) J6 dedicated to PIC microcontroller socket U2

2. PICkit™ Serial Analyzer Connection Header (J11) and Receptacle (J15)
To use the PICkit™ Serial Analyzer, connect to appropriate PIC MCU expansion
header using jumper wires from receptacle.

DS40001369C-page 12 © 2009-2015 Microchip Technology Inc.
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3. 32 kHz Crystal Oscillator (Y1) and Connection Header (J7)

4. VDD Connect/Disconnect Jumpers (J3, J4, J5)

a) J3 jumper connects/disconnects VDD1 supply to PIC16F690 MCU in socket
U2

b) J4 jumper connects/disconnects VDD2 supply to PIC16F819 MCU in socket
U3

c) J5 jumper connects/disconnects VDD3 supply to PIC10F206 MCU in socket
us

5. Battery Clip Connection (BT1) for 9V Battery and Jumpers (J14)

J14 jumpers connect/disconnect battery terminals for use in future lab on battery
chargers.

6. 9Vbc Supply Connector (J1) and Connect/Disconnect Jumper (J2)

Power ON Switch (SW1)

8. 8-Pin PDIP PIC10F MCU Socket (U5) and Bilateral Dual-Row Expansion
Headers (J10 and J18)

Dual-row expansion headers provide connectivity to each pin on the PIC10F206
MCU populating socket U5.

9. 5V Brushed DC Motor

10. 18-Pin PDIP PIC MCU Socket (U3) and Bilateral Dual-Row Expansion
Headers (J17 and J16)

Dual-row expansion headers provide connectivity to each pin on the PIC16F819
MCU populating socket U3.

11. 8, 14, 20-Pin PDIP PIC MCU Socket (U2) and Bilateral Dual-Row Expansion
Headers (J8 and J9)

Dual-row expansion headers provide connectivity to each pin on the PIC16F690
MCU populating socket U2.

12. Solderless Prototyping Area

13. Bilateral Dual-Row Supply Headers (J22 and J23)

Provide both VDD and Vss connectivity bilaterally to the solderless prototyping
area.

14. 0.2 Watt, 8-Ohm Speaker (LS1) with Connection Header (J19)

J19 connector used to connect speaker LS1 to user application using jumper
wires.

15. Battery Positive (CP+) and Negative (CP-) Connection Header (J26)
Provides connectivity of positive and negative battery terminals to the user
application using jumper wires.

16. Variable VDD Potentiometer (R1)

Potentiometer used to vary PIC MCU supply voltage from approximately 1.3V to
approximately 5V.

~
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1.5 TARGET POWER

The PICDEM™ Lab Development Board can be powered in one of the following ways:

1. Using a 9-12 VDc power supply connected to connector J1
(Microchip part #AC162039 recommended)
Ensure that connect/disconnect jumper J2 is in place.

2. Using a 9V battery connected to connector BT1
Ensure that connect/disconnect jumpers J14 are in place.

3. APICkit™ 3 Programmer/Debugger connected to any one of the three PICkit
Programmer/Debugger connectors J13, J12 and J6 (recommended for
low-power applications only).

Note: When using the PICkit™ 3 Programmer/Debugger as the power source,
the variable VDD potentiometer (R1) will not vary the supply voltage.

When using methods 1 or 2, each PIC microcontroller has an associated
connect/disconnect jumper that, when in place, enables the positive supply voltage to
the respective VDD pins. The VDD jumpers connect to the following PIC microcontroller
sockets:

1. VDD1 (J3) connects/disconnects supply voltage to the PIC microcontroller
populating U2.

2. VDD2 (J4) connects/disconnects supply voltage to the PIC microcontroller
populating U3.

3. VDD3 (J5) connects/disconnects supply voltage to the PIC microcontroller
populating U5.

Using methods 1 or 2 enables the use of the variable VDD potentiometer (R1) to control
supply voltages from approximately 1.3 to 5V. Rotating the potentiometer clockwise will
raise the supply voltage while rotating the potentiometer counterclockwise will
decrease the supply voltage.

1.6 CONNECTING THE PICKIT™ 3 PROGRAMMER/DEBUGGER

The three PIC microcontrollers populating sockets U5, U3 and U2 have their own PICkit
Programmer/Debugger (ICSP ™) connectors so that each can be programmed or
debugged individually. The ICSP connect to the following PIC microcontroller sockets:
1. ICSP1 (J6) connects to the PIC microcontroller populating U2.

2. ICSP2 (J12) connects to the PIC microcontroller populating U3.

3. ICSP3 (J13) connects to the PIC microcontroller populating U5.

The PICkit Programmer/Debugger connects to the ICSP connector as shown in
Figure 1-2.

DS40001369C-page 14 © 2009-2015 Microchip Technology Inc.
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FIGURE 1-2: CONNECTING THE PICkit™ 3 PROGRAMMER/DEBUGGER
TO AN ICSP™ CONNECTOR

PICkit™ Programmer/Debugger

Denotes Pin 1

ICSP™ CONNECTOR

The PICKit™ 3 Programmer/Debugger is then connected to an available USB port on
the PC using the included USB cable.

1.7 SOLDERLESS PROTOTYPING AREA STRIP CONFIGURATION

The solderless prototyping area contains a variety of strips under the perforated plastic
block. These strips “short” vertical rows of holes together as shown in Figure 1-3.

FIGURE 1-3: SOLDERLESS PROTOTYPING AREA STRIP
CONFIGURATION

i
HHHRR TR

Solderless Prototyping Area
Showing Strip Connections
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NOTES:
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Chapter 2. Getting Sarted

2.1 INTRODUCTION
This chapter is intended to prepare the reader to complete the labs in the remaining
chapters of this user’s guide.

2.2 PREREQUISITES

The labs contained within this lab manual assumes the user:

1. Has a basic understanding of the C programming language.
2. Understands basic circuit analysis.

2.3 THE SOFTWARE CONTROL LOOP

The labs used in this user’s guide implement a software control loop in various
configurations, but always in the same sequence as shown in Example 2-1.

FIGURE 2-1: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
USED IN LABS

Initialize()

v

> Get _I nput s()

v

Deci de()
Loop Forever +

Do_CQut put s()

v

Ti m ng()
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Each block of the software control loop represents a function that organizes tasks into
logical, organized groupings that are called from the main function (mai n() ) . Notice
the Initialize() is called only once while the remaining functions are executed
repeatedly. This method organizes the embedded firmware application into a logic
sequence of events:

1. Initalize():

- Initializes the microcontroller, the peripherals used in the application and any
global variables used by multiple functions.

2. Get_Inputs():
- Obtains any input information either on-chip (from internal registers, etc...) or
off-chip (pin voltage levels).
3. Decide():
- Makes decisions based on the input information gathered in the previous
function to manipulate global variables.

4. Do_OQutputs():
- Based on the decisions made in the previous function, this function outputs
data onto the pins of the microcontroller or to registers within the device.

5. Timng():
- This function determines how fast the software control loop executes.

Example 2-1 shows a typical mai n() calling the various functions that make up the
software control loop.

EXAMPLE 2-1: TYPICAL SOFTWARE CONTROL LOOP NAI N() USED IN

LABS
voi d mai n(voi d)
{
Initialize(); //Initialize the relevant registers
whi | e(1)
{
Deci de();// Make any deci si ons
Do _Qutputs(); //Perform any outputs
Timng();//Sets execution rate of the
/1 Sof tware Control Loop
}
}

Aninfinity loop will be used by all labs in this user’s guide created using a whi | e
loop that repeatedly call the functions within the curly braces as long as there is power
to the microcontroller.

Global variables are used wherever needed in lieu of passing variables between
functions.
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2.4
1.

MPLAB® X IDE AND XC COMPILER DOWNLOAD INSTRUCTIONS

The following steps outline how to download the latest version of the MPLAB® X
IDE and XC compiler. It is strongly recommended that all open programs and
applications are closed to expedite the installation process.

2. Using a PC that is connected to the Internet, navigate to the MPLAB X IDE
download page at the following url: www.microchip.com/mplabx.

3. This page outlines the MPLAB X IDE and also features plug-ins that can be
downloaded, User’s Guides and other useful information.

4. Scroll down to the Downloads section of the page and select the latest full
release zip file for MPLAB X IDE vX.XX.

5. When prompted, select Run and the . exe file will download.

FIGURE 2-2: RUN .EXE TO DOWNLOAD FILE

Do you want to run or save MPLABX-v2.30-windows-installer.exe (369 MB] from ww1.microchip.com?
Run Save ¥ Cancel

6. Once downloaded, the MPLAB X IDE Installation window should open. Click
Next to proceed with the installation.

7. In the next window, read through the MPLAB X IDE License Agreement and
ensure that the | accept the terms of the license agreement radio button is
selected. Click Next to continue with the installation.

8. In the Installation Directory window it is recommended to use the default
directory. Click Next to continue.

9. In the Select Programs window, choose which MPLAB X programs to install.
(Only MPLAB X IDE is required for the labs).

10. Click Next in the Ready to Install window to start the installation (this may take
several minutes to complete).

11. After installation is complete, the user will be reminded that the XC compilers are
not installed. It is recommended that the user install the compilers at this point.
Check the box and click Finish to continue.

FIGURE 2-3: COMPLETE THE MPLAB® X IDE V2.30 SETUP WIZARD

Or uncheck, and download at a later time from
Back |[ Fnmsh |

12. The MPLAB® XC Compilers web page should open. If not, go to:
www.microchip.com/mplabxc.

13. This page outlines the MPLAB XC compilers’ features and other useful

information.

© 2009-2015 Microchip Technology Inc.
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14. Scroll down to the Downloads section of the page and select the latest release
file for MPLAB XC Compiler vX.XX.

15. Click Run to download and run the . exe file.

FIGURE 2-4: RUN AND DOWNLOAD . exe FILE

Do you want to run or save xc8-w1.33-full-install-windows-installer.exe (1756 ME] from wwl.microchip.com?

Run Save hd Cancel

16. Click Next in the MPLAB XC Compiler setup window.

17. In the next window, read through the License Agreement and ensure that the |
accept the terms of the license agreement radio button is selected. Click Next
to continue with the installation.

18. Select the Install compiler radio button in the Choose Installer window. Click
Next.

19. Ensure the “Configure MPLAB XC8 Compiler as a network client” box is
unchecked and click Next.

20. In the Installation Directory window it is recommended to use the default
directory. Click Next to continue.

21. In the Compiler Settings window, ensure all boxes are checked.
22. Click Next in the Ready to Install window.

23. In the Licensing Information window, click Next.

24. Click Finish to finish installation.

2.5 INSTALLING THE INCLUDED LAB FILES

The PICDEM™ Lab Development Kit product page
http://www.microchip.com/DevelopmentTools/ProductDetails.aspx?PartNO=dm 163045
has a . zi p file called Pl CDEM Lab Devel opment Kit Lab Directory and
Sol uti ons under Documents. This file provides a location for the user to save any
projects created while completing the labs in this user's guide and contains solutions for
each lab in a folder labeled sol uti on. To install this folder, simply extract the contents of
the . zi p file to the C: \ directory.

Note: Lab folders must be installed to C: \ to be used by the MPLAB® X IDE.
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Chapter 3. General Purpose Input/Output L abs

3.1 INTRODUCTION

The following labs cover some of the fundamental features of the General Purpose
Input/Output (GPIO) peripherals available on the PIC16F690. As the name implies,
these peripherals are used for general purpose applications that can monitor and
control other off-chip devices. Some PIC® microcontrollers have multiple GPIO
peripherals on-chip including the PIC16F690 used in the following labs. Therefore, the
PORTx naming convention is used. Available ports on the PIC16F690 are:

+ PORTA

+ PORTB

+ PORTC

Reading through the data sheet highlights some of the unique characteristics
associated with each port and the reader is encouraged to explore these in greater
detail once comfortable with the labs in this user’s guide. The labs will focus on two of
the port peripherals: PORTC and PORTA. Labs will be naturally divided into two
sections since these are General Purpose Input/Output peripherals:

* Qutput Labs

* Input Labs

Output labs will introduce the reader to concepts necessary to configuring these

peripherals for output to off-chip devices using applicable registers by lighting eight
LEDs connected to the PORTC pins

The Input labs will then add a push button interfacing to one of the PORTA pins to
highlight concepts necessary for configuring these peripherals to receive information
from off-chip devices. Finally, interrupts will be used to optimize the application for
different purposes.

3.2 GENERAL PURPOSE INPUT/OUTPUT LABS

e Output Labs:
- Lab 1: Light LEDs
- Lab 2: Flash LEDs (Delay Loop)
- Lab 3: Simple Delays Using TimerQ
- Lab 4: Rotate LEDs
e Input Labs:
Lab 5: Adding a Push Button
Lab 6: Push Button Interrupt
Lab 7: Push Button Interrupt-on-Change
Lab 8: Using Weak Pull-ups
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3.3

GPIO OUTPUT LABS

3.3.1 Reference Documentation

All documentation on the PICDEM™ Lab Development Kit is available on the product’s
page at www.microchip.com.
» PIC16F690 Data Sheet (DS41262)
- Section 2.2.2.2: Option Register
- Section 2.2.2.3: Interrupt Control Register INTCON
- Section 4: 1/O Ports
- Section 5: Timer0 Module
» Timers: Timer0 Tutorial (Part 1) (DS51682)
» Timers: Timer0 Tutorial (Part 2) (DS51702)

3.3.2

To complete the labs in this section, the following components are required:
1. 8 — Light Emitting Diodes

2. 8-470Q resistors

3. PIC16F690 populating socket U2

4. Assorted jumper wires

Equipment Required for GPIO Output Labs

3.3.3 PICDEM Lab Development Board Setup for GPIO Output Labs

The GPIO output labs will require that the PICDEM Lab Development Board be
configured as shown in Figure 3-1 using the components listed in the previous section.

FIGURE 3-1: PICDEM LAB SCHEMATIC FOR GPIO OUTPUT LABS
J8 u2 J9
olol— 2—olo
O|o2 19616
e e
sl s e it igle
— 9|9 RC3 ey 14 |9|®
1®1®9 5 |rcs RC 3 |9|®
10—, 72 9|9
9|0 —; 719]0
o] (e o] (e}
RS R7 R6 R5 R4 R3 R2 R1
4700 4700 4700 470Q 4700 4700 4700 4700
LED8 LED7 LED6 LED5 LED4 LED3 LED2 LED1
i S5 5 A0 S ANk AN £
Vss
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Special care should be observed when connecting the LED jumper wires to the
expansion headers surrounding the PIC16F690, as the PORTC pins are not in
sequential order. The 470Q resistors are used to limit the current across the LEDs to
manufacturer specifications. Furthermore, the PIC16F690 Data Sheet electrical
specifications (see Section 17.0) stipulate that each port pin should not source/sink
more than 25 mA. The maximum output current sourced/sunk by all port pins combined
should not exceed 200 mA. The 470Q resistors keep all source current well within
these specifications.

3.34 Lab 1: Light LEDs
3.3.41 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:

1. PORTC Register: PORTC (Register 4-11 in Section 4 of the PIC16F690 Data
Sheet).

- 8-bit bidirectional port.
2. PORTC Tri-State Register: TRISC (Register 4-12 in Section 4 of the PIC16F690
Data Sheet).
- Configures corresponding bits in PORTC as either input or output.

3. Analog Select Register High and Analog Select Register Low: ANSELH and
ANSEL (Registers 4-4 and 4-3 in Section 4 of the PIC16F690 Data Sheet).

- Configure associated pins for analog or digital input signals.

3.3.42 OVERVIEW

This first lab demonstrates how to output data from the PORTC peripheral on the
PIC16F690 to its associated pins. LEDs connected to PORTC pins will light when the
associated pin is driven high (approx. VDD) or turn the LED OFF when driven low
(approx. Vss). The port peripherals will all default to input on start-up and will therefore
need to be configured as output using the TRISC register. Also, PORTC pins RCO,
RC1, RC2, RC3, RC6 and RC7 are configurable for both analog and digital signals. On
start-up, any analog/digital functional pin is defaulted to analog. Therefore, this
application will require that these pins be configured as digital by configuring the
associated bits in the ANSEL and ANSELH analog select registers.

FIGURE 3-2: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
LAB1

Initialize()

Loop Forever C\ +
Do_Qut put s()
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Figure 3-2 shows the software control loop that will be implemented in this lab. At

device power-up, the first functional block called from the mai n() islnitialize().

This function will initialize the PORTC peripheral as follows:

» Clear the PORTC register data

» Configure the ANSEL and ANSELH bits so that all associated PORTC pins are
digital

» Configure the associated PORTC pins as all output using the TRISC register

Note: The PORT register should always be initialized to a known value before
configuring the associated TRIS bit. This avoids unexpected voltage levels

on the associated pins since at start-up port bit values are unknown.

The next function called from mai n() is Do_Qut put s() . This function will assign
values to the PORTC register that will drive the associated pins high or low to light the
LEDs connected.

3.3.43 PROCEDURE

The following steps will demonstrate how to create a new project in MPLAB® IDE.

1. Open MPLAB X IDE by selecting Start > Program Files > Microchip > MPLAB X
IDE > MPLAB X IDE vX.XX.

2. Inthe MPLAB X IDE Toolbar, select File >New Project.

NEW MPLAB IDE PROJECT SELECTION

4 % ; Files

FIGURE 3-3:

: Projects BlinkingLight - Dashboard
'_Lf.'.'@""g'i{nki"gught DG
$E Header Files
+ﬁ Important Files

+E Linker Files

i £
-

@

Mew 4

Mew Logical Folder

Add Existing Item...

Add Existing Items from Folders...
Eind...

Cut
Copy

Paste Ctrl+V

Bemove From Project

Rename...

Properties
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3. In the Step One window click “Choose Project”, and then select Microchip
Embedded and Standalone Project and click Next.

38 New Project \_Eé-l
Steps Choose Project
1. Choose Project Categories: Projects:
T [ ). Microchip Embedded [= 0 standalone Project
-[1} Other Embedded [&d Existing MPLAB IDE v8 Project
+ || Samples m Prebuilt {(Hex, Loadable Image) Project
B B3 User Makefile Project
3 Lbrary Project
Description:
Creates a new standzlone application project. It uses an IDE-generated makefile to build your
project.

4. In the Step One window, select “PIC16F690” from the Device drop-down menu
and select Next to continue.

5. In the Step Two window, select Device window, select “Mid-Range 8-bit MCUs
(PIC10/12/16/MCP)” from the Family drop-down menu and select “PIC16F690”
from the Device drop-down menu. Select Next to continue.

FIGURE 3-5: DEVICE SELECTION

x Mew Project

Steps Select Device

Choose Project

Select Device
Select Header Family: id-Range 8-bit MCUs (PIC10/12/16/MCF) -

Select Plugin Board . —
Select Compiler TEnEE CIGHEGE M

Select Project Name and
Folder

;
2,
3.
4, Select Tool
L
B,
T

< Back Mext = Finish Cancel Help
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6. In the Select Header window, select None from the Supported Debug Header
drop-down menu and select Next to continue.

FIGURE 3-6: HEADER SELECTION
u MNew Project @
Steps select Header
1. Choose Project
2. Select Device = OPTIONAL: Please select an assodated debug header if present
3. Select Header
iy e Tl Supported Debug Header: e i *Required for Debus
5. Select Plugin Board Y g : X 9
6. Select Compiler
7. Select Project Mame and

Folder A debug header is 3 device made especially for debugging. It provides
extras pins and in some caseg extra debugging capabiliies.

< Back Finish Cancel Help

7. In the Select Tool window, select “PICkit3” and click Next to continue.

FIGURE 3-7: TOOL SELECTION
x Mew Project -Sé'
Steps Select Tool

1. Choose Project

2. Select Device Hardware Tools
1 L

@@ ICD 3
00 PICKit2

-8M: BUR 133554355

Microchip Starter Kits
| Other Tools
2@ Licensed Debugger

< Back Finish Cancel Help
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8. Inthe Select Compiler window, select “XC8 (vX.XX)” and click Next to continue.

FIGURE 3-8:

COMPILER SELECTION

x Mew Project

Steps

=]

Select Compiler

Choose Project
Select Device
Select Header

Select Plugin Board
Select Compiler
Select Project Name and
Folder

:
Z,
3.
4. Select Tool
L
6.
7.

] Compiler Toolchains
E-HI-TECH PICC
~HI-TECH PICC [C:\HT-PIC\BIN]

- mpasm {v5.560) [C:\Program Files (x88) MicrochipMPLABX \mpasmx]

- mpasm (v5.54) [C:\Program Files (x86) Microchip\mplabc 18y 3. 47\mpasm]
- mpasm {v5,50) [C:\Program Files (x86) Microchip\mplabc 181y 3. 46\mpasm]
3

BE1Ca (v1.33) [C: Program Files (x86) Microchiplcs\v 1. 33\pin]
=0 XC8 {v1.31) [C:\Program Files (x86) WMicrochipxcaly 1.311bin]
L0 XCS {v1.21) [C:\Program Files (x86) Microchip'pycaty 1. 21bin]

< Back Finish Cancel Help

9. In the Select Project Name and Folder window, type a name for the project into
“Project Name”. It is recommended to use the default location for “Project
Location” and “Project Folder’. Choose the option “Set as main project” and
select Finish to continue.

FIGURE 3-9:

SELECT PROJECT NAME AND FOLDER

x Mew Project

Steps

Select Project Name and Folder

1, Choose Project

2. Select Device

3. SelectHeader

4. Select Tool

5. SelectPlugin Board
[

7.

. Select Compiler
. Select Project Name and
Folder

Project Name: BlinkingLight

Project Location: C:\Users | SER\WMPLABYProjects

| Browse...

Project Folder: C:\Users\USER\MPLABXProjects\BlinkingLight. X

Dwverwrite existing project.
Also delete sources.
[¥] Set as main project

[] Use project location as the project folder

Encoding: IS0-8859-1 -

Finigh ][ Cancel ][ Help
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10. In the left pane of the MPLAB X window under the Projects tab, right-click on
“Source Files” and select “Add Existing Item”.

FIGURE 3-10:

SELECT PROJECT SOURCE

: Projects

@ = |; Files
- testBxample
+ Header Files
[ Important Files
JF Linker Files
i E Source Files

+E Libraries
G-[B§ Loadables

11. Browse tothe GPI O _Labl. c file, selectit and click Select to add it to the project.

Then double click GPI O _Lab1. c to open the file.

12. The MPLAB® IDE workspace should now be open. If the Project window is not
visible, it can be opened by selecting View > Project.
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FIGURE 3-11:

PROJECT WINDOW

e

= ] GP10_Labl.mcp
-] Source Files
[£] eP1o_Labl.c
[ Header Files
[ Object Files
(2 Library Files
(20 Other Files

13. Double click on the GPI O_Lab1. ¢ source file in the Project window to open.
14. Copy/paste the code in Example 3-1 intothe I niti al i ze() section labeled:

/1 ADD | NI TI ALI ZE CODE HERE.

EXAMPLE 3-1:

I NI TI ALI ZE() CODE FOR LAB 1

ANS4
ANS5
ANS6
ANS7
ANS8
ANS9

/'] Confi
I1i.e.

TRI SCO
TRI SC1
TRI SC2
TRI SC3
TRI SC4
TRI SC5
TRI SC6
TRI SC7

0;// Associ at ed
0;// Associ at ed
0;// Associ at ed
0;// Associ at ed
0;// Associ at ed
0;// Associ at ed

gure PORTC

1

= | nput,
0;// Make
0;// Make
0;// Make
0;// Make
0;// Make
0;// Make
0;// Make
0;// Make

pins as all output

0 =
RCO
RC1
RC2
RC3
RC4
RC5
RC6
RC7

//Clear PORTC to a known state
PORTC = 0b00000000;

/1 Configure PORTC s ANALOG DIG TAL pins as all Digital

W th
with
with
with
W th
W th

Cut put

(pin 16) output
(pin 15) out put
(pin 14) out put
(pin 7) output
(pin 6) output
(pin 5) output
(pin 8) output
(pin 9) output

RCO
RC1
RC2
RC3
RC6
RC7

© 2009-2015 Microchip Technology Inc.
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15. Copy and paste the code in Example 3-2 into the Do_Qut put s() section
labeled: / / ADD DO QUTPUTS CODE HERE.

EXAMPLE 3-2: DO _QUTPUT() CODE FOR LAB 1

RCO = 1;//Make RCO (pin 16) H GH (approx. Vdd)
RC1 = 0;//Make RCL (pin 15) LOW (approx. Vss)
RC2 = 1;//Make RC2 (pin 14) H GH (approx. Vdd)
RC3 = 1;//NMake RC3 (pin 7) H GH (approx. Vdd)
RC4 = 0;//NMake RC4 (pin 6) LOW (approx. Vss)

RC5 = 1;//NMake RC5 (pin 5) H GH (approx. Vdd)
RC6 = 0;//Make RC6 (pin 8) LOW (approx. Vss)

RC7 = 1;//Make RC7 (pin 9) H GH (approx. Vdd)

16. Copy and paste the code in Example 3-3 into the mai n() section labeled:
// ADD MAI N CODE HERE.

EXAMPLE 3-3: MAI N() CODE FOR LAB 1
Initialize(); //Initialize the relevant registers

while(1l) //Code within curly braces will |oop forever

{
Do_Qutputs(); //Performany outputs

}

The project is now ready to compile and download to the PIC16F690.
17. In the MPLAB X™ IDE toolbar, the following symbols should be visible:

FIGURE 3-12: TOOLBAR BUTTONS

o

A N

5

Clean and Build  Make and
Main Project Program
Device

18. Press Clean and Build Main Project to compile the code.

19. Provided no errors occur, press Make and Program Device to program the
PIC16F690 device.
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3.3.4.4 TESTING THE APPLICATION

Once programmed, the LEDs connected to the individual PORTC pins should now
resemble the output shown in Figure 3-13.

FIGURE 3-13: LAB 1 LED OUTPUT
| | |
R8 R7 R6 R5 R4 R3 R2 R1
470Q 470Q 4700 4700 4700 4700 4700 4700

LEDS8' LED7 LED6 LED5 LED4 LED3 LED2 LED1
YA S £ S22 T 2 TS S A

LED ON LED OFF Vss

The solution for this project is located in the
C:. \ PI CDEM Lab\ GPI O _Labs\ GPI O _Lab1\ sol uti on directory.

3.35 Lab 2: Flash LEDs (Delay Loop)

3.3.5.1 OVERVIEW

This lab implements a software delay to flash the LEDs connected to the PORTC pins
on/off in one second intervals. As configured, the PIC16F690 executes 1 million
instructions per second. At this rate, the software loop execution needs to be slowed
down so that the LED flashing is visible to the eye. This is done using a delay routine
within the Ti mi ng() functional block called from the mai n() software control loop as
shown in Figure 3-14.

FIGURE 3-14: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
LAB 2

Initialize()

v

Do_Qut put s()

Loop Forever +

Ti m ng()

The Ti m ng() delay routine is shown in Figure 3-15.
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FIGURE 3-15: TI M NG ) DELAY ROUTINE FLOWCHART FOR LAB 2

Create two 8-bit variables:
« delay_varl = 45571
e delay_var2 = 3

+NO

del ay_var1l = 45571

Y

del ay_var1l -

YES

1=0

Two variables are used, delay_varl and del ay_var2. The delay_var2 is
decremented by 1 each time del ay_var 1 is decremented from 45571 to 0. These
values have been determined through trial and error using a test procedure detailed in
the “Timers: TimerO Tutorial (Part 1) (DS51682) included on the PICDEM™ Lab
Development Kit CD. This delay ties up the processor for one second when using the
4 MHz internal oscillator.

Thelnitialize() configures the PORTC as follows:
+ PORTC

- Set all bits in the PORTC register HIGH

- Configure all PORTC pins as digital outputs
The Do_Qut put s() changes somewhat from the previous lab by implementing the
XOR operator to toggle the value in each PORTC bit location each time through the
software loop. The XOR operator is implemented in code as follows:
RCx "= 1,
This translates to: “Make RCx equal to the current value in RCx XOR’d with 1"
When a value is XOR’d with itself, the result is ‘0’ (i.e., 1 XOR’d with 1 = 0, 0 XOR’d
with 0 = 0). When a value is XOR’d with a value different than itself, the resultis ‘1’ (i.e.,

1 XOR'd with 0 = 1). Therefore, each time through the loop PORTC bits will toggle from
1-to-0 or O-to-1, depending on its current value.

3.3.5.2 PROCEDURE

Using the code developed in the previous lab, make the following changes:

1. Copy and paste the code in Example 3-4 overthel ni ti al i ze() code from the
previous lab.

Note: The reader may wish to create a new project as per the previous lab called
GPl O _Lab2. ntp
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EXAMPLE 3-4: I NI TI ALI ZE() CODE FOR LAB 2

//Set all PORTC bits HHGH (to a known state)
PORTC = 0b11111111;

[/ Configure PORTC s ANALOG DIG TAL pins as all Digital

ANS4 = 0;// Associated with RCO

ANS5 = 0;//Associated with RC1

ANS6 = 0;//Associated with RC2

ANS7 = 0;//Associated with RC3

ANS8 = 0;//Associated with RC6

ANS9 = 0;// Associated with RC7

[/ Configure PORTC pins as all output
/[li.e. 1 = Input, 0 = CQutput

TRISCO = 0;//Make RCO (pin 16) output
TRISCL = 0;//Make RCl (pin 15) output
TRISC2 = 0;//Make RC2 (pin 14) output
TRI SC3 = 0;//Make RC3 (pin 7) output
TRISC4 = 0;//Make RC4 (pin 6) output
TRISC5 = 0;//Make RC5 (pin 5) output
TRISC6 = 0;//Make RC6 (pin 8) output
TRISC7 = 0;//Make RC7 (pin 9) output

The only change from the previous lab is that the PORTC bits are all set high to 1.

2. Copy and paste the code in Example 3-5 over the Do_CQut put s() code from the
previous lab to accommodate the XOR bit toggle.

EXAMPLE 3-5: DO _QUTPUT() CODE FOR LAB 2

A= 1;//XOR current RCO value with 1
RC1 ~= 1;//XOR current RCl1 value with 1
RC2 A= 1;//XOR current RC2 value with 1
RC3 A= 1;//XOR current RC3 value with 1
RC4 ~= 1;//XOR current RC4 value with 1
RC5 A= 1;//XOR current RC5 value with 1
RC6 A= 1;//XOR current RC6 value with 1
RC7 ~= 1;//XOR current RC7 value with 1

3. Copy and paste the code in Example 3-6 into the Ti mi ng() section labeled:
// ADD TI M NG CODE HERE
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EXAMPLE 3-6: TIM N ) FOR LAB 2

[]-------- DELAY 1second---------=--=-=-=--------
[/ Variable used in delay |oop
unsigned int delay_varl = 45571;
unsi gned char delay _var2 = 3;
/I Nested while loops to inplement a 1 second del ay
/I Decrenment delay_var2, if O junp out of |oop
whi | e(--del ay_var 2)
{
[/ Decrement delay_varl, if O junp out of |oop
whi l e(--delay_varl);

4. Copy and paste the code in Example 3-7 over the mai n() code from the
previous lab to incorporate the Ti mi ng() .

EXAMPLE 3-7: MAI N() CODE FOR LAB 2
Initialize(); //Initialize the relevant registers

whi | e(1)

{
Do _Qutputs(); //Perform any outputs

Timng();//Sets execution rate of the
/] Software Control Loop

Compile the project. There should be no errors.

3.3.5.3 TESTING THE APPLICATION

Program the PIC16F690. The LEDs connected to the individual PORTC pins should
now all flash on/off in 1-second intervals.

The solution for this project is located in the
C. \ PI CDEM Lab\ GPI O _Labs\ GPI O _Lab?2\ sol uti on directory.

3.3.6 Lab 3: Simple Delays Using Timer0O
3.3.6.1 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:

1. TimerO Module Register: TMRO

- Holds a count value of the number of selected edge transition of a clock
source.

2. OPTION Register: OPTION_REG (Register 5-1 in Section 5 of the PIC16F690
Data Sheet).

- Selects clock source used to increment TMRO result register.
- Selects clock source edge transition to increment TMRO.

3. Software configurable prescaler to determine the number of clock source edge
transitions before incrementing TMRO register value.
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4. Interrupt Control Register: INTCON (Register 2-3 in Section 2 of the PIC16F690
Data Sheet).

- Contains a flag that when 1, indicates a TMRO register overflow has occurred.

3.3.6.2 OVERVIEW

To implement a more accurate delay, the TimerQ peripheral can be used. Timer0 is an
8-bit timer/counter that uses a clock source to increment an 8-bit register called TMRO.
Since this register is 8 bits, it can increment up 28 = 256 times or 04q - 2554
(00000000, - 11111111,) inclusive then rollover or overflow back to ‘0’. Whenever
TMRO overflows, a Timer0O Overflow Flag (TOIF) in the ITCON register is setto ‘1’. The
OPTION register also features a prescaler that determines how many clock source
cycles it takes to increment TMRO by ‘1’. In this way, simply by tracking the TOIF, very
accurate delays can be implemented. In this lab, the TMRO register is configured to
increment on the low-to-high transition of an available internal instruction clock on the
PIC16F690. This internal instruction clock runs at the rate of the internal oscillator
frequency Fosc divided by 4. Therefore, when the PIC16F690 is configured to operate
using the internal 4 MHz oscillator, this internal instruction clock runs at a rate of
Fosc/4 = 4MHz/4 = 1MHz. This is a period of 1/1MHz = 1 uS. If it is known that TMRO
increments every 1 uS, and it takes 256 internal instruction clock cycles to cause a
TMRO overflow (i.e., 0-255 inclusive), then Equation 3-1 can be derived:

EQUATION 3-1: TMRO OVERFLOW PERIOD USING FOSC/4
TMRO Overflow Period = (4/Fosc) x 256 = 1 pSecond x 256 = 256 Seconds

As mentioned, Timer0 also features a prescaler that can be configured to increment the
value in TMRO every 2, 4, 8, 16, 32, 64, 128, or 256 clock source transitions. Therefore,
this feature can be added to Equation 3-1 to create Equation 3-2.

EQUATION 3-2: TMRO OVERFLOW PERIOD WHEN INCLUDING THE
PRESCALER

TMRO Overflow Period = (4/FosC) x 256 x prescaler

Using a 1:32 prescaler setting as an example and a 4 MHz internal oscillator

TMRO Overflow Period = 1 1S x 256 x 32 = 8.192mS

Finally, TMRO is a writable register. Meaning that a value can be added to the register
to offset the number of counts it takes for the overflow to occur. Equation 3-3
demonstrates how to calculate the value to preload the TMRO register with to create a
10 mS overflow period.
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EQUATION 3-3: CALCULATING A TMRO PRELOAD VALUE TO GENERATE A
10MS OVERFLOW PERIOD

Desired TMRO Overflow Period = (4/Fosc) x (256 - Preload Value) x prescaler

Using a 1:64 prescaler setting, a 4 MHz internal oscillator and requiring a 10 mS
overflow period:

10mS = 1 puSecond x (256 - Preload Value) x 64
10mS/(1 pLSecond x 64) = 256 - Preload Value

Preload Value = 256 - [10mS/(1 pSecond x 64)]
Preload Value = 99.75 rounded up becomes 100

Note: Therefore, to produce a 10 mS overflow period, using the internal
instruction clock with a 4 MHz internal oscillator and a TMRO prescaler
value of 1:64 requires that TMRO be preloaded with a value of 100.

The software flowchart to implement a 10 mS delay is shown in Figure 3-16.

FIGURE 3-16: DELAY_10MS() USING TIMERO

( oelayoms) )
Y

Clear the TMRO overflow flag
(TOIF)

v

Preload TMRO register with 100

NO

YES

The maximum overflow period that can be achieved using Timer0 only utilizes a 1:256
prescaler is as shown in Equation 3-4.

EQUATION 3-4:  MAXIMUM TMRO OVERFLOW PERIOD
TMRO Overflow Period = (4/Fosc) x 256 x prescaler

using a maximum prescaler setting of 1:256 and the 4 MHz internal oscillator

TMRO Overflow Period = 1 uS x 256 x 256 = 65.5mS
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Therefore, to implement delays greater than 65.5 mS, a counter variable is
implemented as shown in the flowchart of Figure 3-17 for a 1-second delay.

FIGURE 3-17: DELAY_1S() USING TIMERO

( Del ay_1S() )

Create an 8-bit variable count er and
initialize to 0

v

YES

counter <or=157?

Clear the TMRO overflow flag
(TOIF)

v

Clear the TMRO register

NO

YES

Increment count er value by 1

count er variable value determined as follows:
1 second/65.5mS = 15.25 or rounded down to 15
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Thelnitialize() now configures the PIC16F690 peripherals as follows:
+ PORTC
- Set all bits in PORTC high
- Make all PORTC pins digital output
» TimerO
- Use the internal instruction clock (Fosc/4) as the TMRO register clock source
- Increment TMRO register on low-to-high transition of FOsc/4
- Assign the prescaler to Timer0 and configure to increment on every 256th

transition of Fosc/4
3.3.6.3 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1. Copy and paste the code in Example 3-8 at the top of the main firmware source
file under the heading labeled:
/**SUPPW RaJTI NES**********************************/

EXAMPLE 3-8: DELAY_1S() CODE FOR LAB 3

[ X o e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee—a—

Subroutine: Delay_1S

Par anet ers: none

Ret ur ns: not hi ng

Synopsi s: Creates a 1S del ay when cal | ed
_________________________________________________________ * [
voi d Del ay_1S(voi d)
{

//Create an 8-bit variable called counter

/land initialize it to O

unsi gned char counter = 0;

whi | e(counter <= 15)

{

/1 Make sure the TOIF is cleared

TOIF = 0O;

//Clear the TMRO register

TVRO = O;

//Sit here and wait for TinmerO to overfl ow

while (TOIF == 0);
++count er;

}

}

2. Copy and paste the code in Example 3-Q intothe I niti al i ze() overthe code
from the previous lab.
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EXAMPLE 3-9: I NI TI ALI ZE() CODE FOR LAB 3

//Set all PORTC bits HGH (to a known state)
PORTC = 0b11111111;

[/ Configure PORTC s ANALOG DIG TAL pins as all Digital

ANS4 = 0;// Associated with RCO

ANS5 = 0;//Associated with RC1

ANS6 = 0;//Associated with RC2

ANS7 = 0;//Associated with RC3

ANS8 = 0;//Associated with RC6

ANS9 = 0;// Associated with RC7

[/ Configure PORTC pins as all output
/[li.e. 1 = Input, 0 = CQutput

TRISCO = 0;//Make RCO (pin 16) output
TRISCL = 0;//Make RCl (pin 15) output
TRISC2 = 0;//Make RC2 (pin 14) output
TRI SC3 = 0;//Make RC3 (pin 7) output
TRISC4 = 0;//Make RC4 (pin 6) output
TRISC5 = 0;//Make RC5 (pin 5) output
TRISC6 = 0;//Make RC6 (pin 8) output
TRISC7 = 0;//Make RC7 (pin 9) output

[/ Configure Tinmer0O as foll ows:

TOCS = 0; //Use the internal instruction clock
/1 FOSC/ 4 as the clock source

TOSE = 0;//Increnent TMRO on | owto-high
/I FOSC/ 4 transition

PSA = 0;//Assign the prescaler to
/1 TimerO

[/ Configure TimerO prescaler to increnment
/1 TMRO every 256 FOSC/ 4 clock transitions

PSO = 1;
PS1 = 1;
pPs2 = 1;

3. Finally, copy and paste the code in Example 3-10 into the Ti mi ng() over the
code from the previous lab

EXAMPLE 3-10: TIM NZ ) CODE FOR LAB 3
Delay _1S(); //Call the 1 second del ay

4. The remaining code from the previous lab remains the same. Compile the
project. There should be no errors.

3.3.6.4 TESTING THE APPLICATION

Program the PIC16F690. The application should behave exactly as it did in the
previous lab. Using an oscilloscope to test individual PORTC pin level transitions would
be useful to analyze the accuracy of the delay.

The solution for this project is located in the
C. \ PI CDEM Lab\ GPI O Labs\ GPI O_Lab3\ sol uti on directory.

Note: More in-depth tutorials on the TimerO peripheral are covered in “Timers:
TimerO Tutorial (Part 1)” (DS5162) and “Timers: TimerO Tutorial (Part 2)”
(DS51702) files included on the PICDEM™ Lab Development Kit CD.
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3.3.7 Lab 4: Rotate LEDs

3.3.7.1  OVERVIEW

This lab shifts a high bit in the PORTC register from right-to-left each time through the
software loop sequentially lighting the LEDs connected to the PORTC pins in 1-second
intervals as dictated by the Ti mi ng() . This lab adds some new functional blocks to
the mai n() software control loop as shown in Figure 3-18.

FIGURE 3-18: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
LAB 4
Global Variables:
® 8-bit LED CQut put *

Initialize()

v

Deci de()

Loop Forever *

Do_CQut put s()

v

Ti m ng()

The addition of an 8-bit global variable (can be manipulated by any function) called
LED Qut put is used. This variable will be acted upon by the new Deci de() by
shifting a high bitin LED_CQut put from right-to-left each time this function is called. The
flowchart for the Deci de()) is shown in Figure 3-19.

FIGURE 3-19: DECI DE() FLOWCHART FOR LAB 4

Deci de() LED_Qut put variable initialize to 0000000001
inlnitialize()

LED_CQut put = 0b10000000
or
LED_CQut put = 0b00000000

* NO
Shift contents of LED_Qut put
variable left by 1 bit position

LED_CQut put = 0b00000001

END
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The Deci de() first checks the current value in LED Qut put for two specific
conditions:

* Is the Most Significant bit ‘1’? This means that on the next shift, the contents will
be all ‘0’s.

* Is the value currently a ‘0’?

If either condition exists, the function re-initializes LED Qut put to set the Least
Significant bit. Otherwise, there will be a period when none of the LEDs are lit.

The shift is implemented in code as follows:
LED Qut put <<= 1;

This translates to: “LED_Qut put is equal to the current contents of LED CQut put
shifted to the left by 1 bit position”

Conversely, to shift the bit to the right the code would be as follows:
LED Qut put >>= 1;

The Do_Qut put s() will then assign the contents of the LED_Qut put variable to the
PORTC register and whichever bit is high will light the connected LED. (See

Figure 3-20.)
FIGURE 3-20: RESULTS OF DO_OUTPUT()
First time through mai n() :
LED_Qut put variable PORTC
[0]oJoloo]ofo]1] o [0]0[0[0 0o ]o]1]
Initialize() determines initial aSpSL‘IStJ“StOLE%R%'

contents of LED_Qut put
AR QYA Q2 QA2 2 A
Corresponding LED lights
Next time through mai n() :

LED CQut put variable PORTC
[oTo[0 010 06 1 0] oo (o0 [0 0 o [0 1 o]
Deci de() shifts contents of - pux. 1o PORTC.

LED Qut put Left by 1 bit position

TYT YR YR YT YR IR VR

Corresponding LED lights

Thelnitialize() now configures the PIC16F690 peripherals as follows:
+ PORTC
- Initialize PORTC so that the seven Most Significant bits are ‘0’ and the Least
Significant bit is ‘1’
- Make all PORTC pins digital output
» TimerO
- Use the internal instruction clock (Fosc/4) as the TMRO register clock source
- Increment TMRO register on low-to-high transition of FOsc/4

- Assign the prescaler to Timer0 and configure to increment on every 256th
transition of Fosc/4

* Initialize the LED_Qut put variable to ‘0’
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3.3.7.2 PROCEDURE

Using the code developed in the previous lab, make the following changes:

1. The LED CQut put variable will need to be declared before it can be used.
Copy/paste the code in Example 3-11 to the beginning of the source file under
the section marked:

EXAMPLE 3-11: LED QUTPUT VARIABLE DECLARATION FOR LAB 4
unsi gned char LED Qutput;//Variable used to set/clear PORTC bits

2. Copy and paste the code in Example 3-12 over the I ni ti al i ze() code from
the previous lab.
EXAMPLE 3-12: | NI TI ALI ZE() CODE FOR LAB 4

//Clear PORTC to a known state
PORTC = 0b00000001;

/] Configure PORTC s ANALOG DI G TAL pins as all D gital

ANS4 = 0;// Associ ated with RCO
ANS5 = 0;// Associated with RC1
ANS6 = 0;// Associ ated with RC2
ANS7 = 0;//Associated with RC3
ANS8 = 0;//Associated with RC6
ANS9 = 0;//Associated with RC7
/] Configure PORTC pins as all output
[li.e. 1 = Input, 0 = Qutput
TRISCO = 0;//Associated with RCO
TRISCL = 0;//Associated with RCl1
TRISC2 = 0;//Associated with RC2
TRISC3 = 0;//Associ ated with RC3
TRISC4 = 0;//Associ ated with RC4
TRI SC5 = 0;//Associ ated with RC5
TRISC6 = 0;//Associated with RC6
TRISC7 = 0;//Associated with RC7

/1 Configure TinerO as follows:

TOCS = 0; //Use the internal instruction clock
/| FOSC/ 4 as the clock source

TOSE = 0;//Increnent TMRO on | owto-high
/1 FOSC/ 4 transition

PSA = 0;//Assign the prescaler to
/1 Timer0

/I Configure TinmerO prescaler to increnment
/1 TMRO every 256 FOSC/ 4 cl ock transitions

PSO = 1;
PS1 = 1;
PS2 = 1;

//1nitialize LED Qutput to all zeros
LED Qut put = 0b00000000;
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Changes from the previous lab include PORTC initialization so that all bits are ‘0’
except for the Least Significant bit (LSb) and the initialization of the LED_Cut put
variable.

3. Copy and paste the code in Example 3-13 into the Deci de() section labeled:
/1 ADD DECI SI ON CODE HERE

EXAMPLE 3-13: DECI DE() CODE FOR LAB 4

[l First check if LED Qutput variable has nost significant bit
//set to 1 or if LED Qutput variable is all 0's.
//1f so, re initialize the LED Qutput variable so that the
/lleast significant bit is set to 1 and all other bits are
//cleared to O

i f((LED_CQut put == 0b10000000) || (LED_Qutput == 0b00000000))
LED Qut put = 0b00000001;

[11f neither of these conditions are true, sinply shift
//the LED Qutput variable's contents to the Left by 1 bit
[/ position

el se LED Qut put <<=1;

4. Copy and paste the code in Example 3-14 over the Do_Qut put s() code from
the previous lab.

EXAMPLE 3-14: DO_OUTPUTS() CODE FOR LAB 4

/1 Assign the mani pul ated contents of the
//LED Qut put variable to the PORTC register
PORTC = LED Qut put;

This code simply assigns the contents of the LED_Qut put variable to the PORTC
register.

5. Copy and paste the code in Example 3-15 over the nai n() code from the
previous lab to incorporate the Deci de() .

EXAMPLE 3-15: MAI N() CODE FOR LAB 4
Initialize(); //Initialize the relevant registers

whil e(1)
Deci de(); //Make any deci si ons
Do _Qutputs(); //Perform any outputs

Timng();//Sets execution rate of the
/] Software Control Loop

Compile the project. There should be no errors.
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3.3.7.3 TESTING THE APPLICATION

Program the PIC16F690. The LEDs connected to the individual PORTC pins should
now all flash on/off sequentially from right-to-left in 1-second intervals.

The solution for this project is located in the
C:. \ PI CDEM Lab\ GPI O _Labs\ GPI O _Lab4\ sol uti on directory.

3.4 GPIO INPUT LABS

3.4.1 Reference Documentation

PIC16F690 Data Sheet

+ Section 2: Memory Organization
+ Section 4: 1/0 Ports

» Section 5: TimerO Module

3.4.2 Equipment Required for GPIO Input Labs

To complete the labs in this section, the following components are required:
1 — push button

8 — Light Emitting Diodes

1-10kQ2

8 — 470Q2 resistors

PIC16F690 populating socket U2

6. Assorted jumper wires

a0~

3.4.3 PICDEM Lab Development Board Setup for GPIO Input Labs

The GPIO input labs will require that the PICDEM Lab Development Board be
configured as shown in Figure 3-12 using the components listed in the previous
section.

DS40001369C-page 44

© 2009-2015 Microchip Technology Inc.



General Purpose Input/Output Labs

FIGURE 3-21: PICDEM LAB SCHEMATIC FOR GPIO INPUT LABS
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The only change from the previous section is the inclusion of a push button connected
to RA2 with associated pull-up resistor.

344 Lab 5: Adding a Push Button
3441 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:
1. PORTA Register: PORTA (Register 4-1 in Section 4 of the PIC16F690 Data
Sheet)
- 8-bit bidirectional port

2. PORTA Tri-State Register: TRISA (Register 4-2 in Section 4 of the PIC16F690
Data Sheet)

- Configures corresponding bits in PORTA as either input or output

3442 OVERVIEW

This lab expands upon Lab 4 by adding a push button interface to change the direction
of the sequential shift in the PORTC register.
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Mechanical switches play an important and extensive role in practically every
computer, microprocessor and microcontroller application. Mechanical switches are
inexpensive, simple and reliable. However, switches can be very noisy electrically. The
apparent noise is caused by the closing and opening action that seldom results in a
clean electrical transition. The connection makes and breaks several, perhaps even
hundreds, of times before the final switch state settles. The problem is known as switch
bounce. Some of the intermittent activity is due to the switch contacts actually bouncing
off each other. Also, switch contacts are not perfectly smooth. As the contacts move
against each other, the imperfections and impurities on the surfaces cause the
electrical connection to be interrupted. The result is switch bounce. The consequences
of uncorrected switch bounce can range from being just annoying to catastrophic. The
classic solution involves filtering, such as through a resistor-capacitor circuit, or through
resettable shift registers. These methods are still effective but they involve additional
cost in material, installation and board real estate. Debouncing in software eliminates
these additional costs.

One of the simplest ways to switch debounce is to sample the switch until the signal is
stable or continue to sample the signal until no more bounces are detected. How long
to continue sampling requires some investigation. However, 5mS is usually adequate,
while still reacting fast enough that the user will not notice it.

The software flowchart for this application is shown in Figure 3-22.

FIGURE 3-22: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
LAB 5
Global Variables:
¢ 8-bit variable LED _Qut put will be used to
light the LEDs connected to PORTC

¢ 1-bit variable di rect i on used to deter-

mine the direction of the sequential LED Initialize()

flashing
0 = shift PORTC bits right-to-left *
1 = shift PORTC bits left-to-right

—m| Get_I nputs()

Deci de()
Loop Forever %
Do_Qut put s()

Ti m ng()

The Il nitialize() now configures the following:

+ PORTC

- Configure PORTC pins as per the previous labs
+ PORTA

- Clear PORTA register.

- Configure RA2 as a digital input pin
(see Registers 4-1 and 4-2 in Section 4.1 of the PIC16F690 Data Sheet).
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+ Timer0 will be configured to implement the 5mS delay as follows:
- Use the internal instruction clock Fosc/4 as the TMRO clock source.
- Increment TMRO on the low-to-high transition of Fosc/4.
- Assign the prescaler to TMRO and configure 1:64.
* Initialize the LED_CQut put variable to ‘0’
* Initialize the di r ect i on bit variable to ‘0’
- This is a global variable that will be manipulated by the new Get _I nput s()
and used to determine PORTC shift direction by the Deci de() .

A new function called Get _I nput s() is used to check the RA2 pin voltage. Referring
to Figure 3-12, the RA2 pin connected to the push button (SW1) is pulled to VDD using
a 10 kQ resistor. This pull-up resistor eliminates noise on the pin that could trigger
“false” push button presses. The second terminal of the push button is connected to
Vss. In this way, when a user presses the push button the voltage present on RA2 will
transition from VDD (high or ‘1) to Vss (low or ‘0’). The software flowchart for the
Get _I nput s() is shown in Figure 3-23.

FIGURE 3-23: GET_I NPUTS() SOFTWARE FLOWCHART FOR LAB 5

( Get _I nput s() )

RA0=0 YES
) Del ay_5n5()
NO Debounces signal
~ on RA2
NO RAO = 0
Contents of di recti on -
remain unchanged ’

YES

END - Toggle contents of

direction

Referring to the flowchart in Figure 3-23, the Get _I nput s() first checks the voltage
level on the RA2 pin. If the voltage is logic low (= 0 or Vss), a 5mS delay is implemented
using a new support routine called Del ay_5n5() to allow any switch bouncing to
settle. The Del ay_5n1() is based off of the TimerO peripheral as discussed in Lab 3.
The software flowchart for Del ay_5n1( ) is shown in Figure 3-24.
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FIGURE 3-24: DELAY_5M5S() SOFTWARE FLOWCHART FOR LAB 5

TimerO configured inthe I ni ti alize() as
follows: ( Del ay_5nS() )
+ Using the internal Fosc/4 (4MHz/4) clock *

source

* TMRO increments on low-to-high transition .
of Fosc/4 Clearthe Timer0 overflow

flag (TOIF)

Y

» Prescaler configured for 1:32

Preload the TimerO result
register (TMRO) with 100

NO

TOIF=1
(i.e., TMRO overflow)
?

TMRO preload value determined as follows:

Desired Timer0 Overflow Rate = (4/Fosc) x number of counts to overflow x prescaler

5mS = 1uSeconds x (256 — TMRO preload value) x 32

TMRO preload value = 256 — 5mS =99.75 rounded to 100
1uSeconds x 32

The RAZ2 pin voltage is then checked again. If still low, a push button press is indicated
and the di r ect i on bit variable is toggled. Otherwise, the di r ect i on value stays the
same.

The Deci de() then uses the current di r ect i on value to determine which direction
to shift the contents of the LED_Qut put global variable. The Deci de() software
flowchart is shown in Figure 3-25.
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FIGURE 3-25: DECIDE () SOFTWARE FLOWCHART FOR LAB 5

direction = 0
?

YES

{ED Qut put = 0b10000000
or
LED Qut put = 0b00000000

= 0b0000000T
or

LED_Qut put = 0b00000000

?

LED_Cut put YES

LED Qut put = LED Qut put = 0b10000000

0b00000001

Shift contents of Shift contents of

LED_QJt qu_Ieft LED_Qut put right

by 1 bit position by 1 bit position
END

Similar to the previous lab, Deci de() checks the LED_Qut put variable value before
executing the shift to ensure that the variable is not all 0’s or that the Most Significant
bit, for a left shift, or Least Significant bit, for a right shift, are not ‘1’, indicating that the
shift that follows will fill the LED_Qut put variable with 0’s.

The Do_Qut put s() simply assigns the contents of the LED_Qut put variable to the
PORTC register lighting the connected LEDs accordingly.

3.443 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

Copy/paste the code in Example 3-16 into the top of the firmware source template under the
section marked:
[ ] wmmmm e DATA MEMORY- - - - -« s s s e ee oo mmee e

EXAMPLE 3-16: VARIABLE DECLARATIONS FOR LAB 5
unsi gned char LED Qutput;//Variable used to set/clear PORTC bits

bit direction;//Variable to select direction of shifting LEDs
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1. Copy and paste the function code in Example 3-17 into the top of the firmware
source template under the section marked:
/**SUPPW RaJTI NES*************************************

EXAMPLE 3-17:  DELAY_5MsS() CODE FOR LAB 5

Subroutine: Del ay_5nS

Par anet ers: none

Ret ur ns: not hi ng

Synopsi s: Creates a 5nt del ay when call ed

*
_________________________________________________________ /
voi d Del ay_5n55( voi d)
{

/1 Make sure the TOIF is cleared

TOIF = O;

/lpreload the TMRO register

TMRO = 100;

/1Sit here and wait for TinerO to overfl ow

while (TOIF == 0);
}

2. Copy and paste the code in Example 3-18 into the I nitialize() over the
code from the previous lab.
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EXAMPLE 3-18: | NI TI ALI ZE() FOR GPIO LAB 5

//Clear PORTC to a known state

//Set the least significant bit to 1 so that it can be
//shifted through

PORTC = 0b00000001;

//Clear the PORTA register to a known state
PORTA = 0b0000000O;

/1 Configure PORTC s ANALOG DIG TAL pins as all Digital
ANS4 = 0;// Associated with RCO

ANS5 = 0;//Associated with RCL
ANS6 = 0;//Associated with RC2
ANS7 = 0;//Associated with RC3
ANS8 = 0;// Associated with RC6
ANS9 = 0;//Associated with RC7
/1 Configure PORTC pins as all output
/[li.e. 1 = Input, 0O = CQutput
TRISCO = 0;//Associated with RCO
TRISC1 = 0;//Associated with RCl
TRI SC2 = 0;//Associ ated with RC2
TRI SC3 = 0;//Associ ated with RC3
TRISC4 = 0;//Associated with RC4
TRISC5 = 0;//Associated with RC5
TRISC6 = 0;//Associated with RC6
TRI SC7 = 0;//Associ ated with RC7

/1 Configure PORTA bit RAO as Digital input
ANS2 = 0;
TRI SA2 = 1;

[/ Configure TinerO to overflow every 5nfS

TOCS = 0; //Select FOSC/4 as Tiner0 cl ock source
TOSE = 0; //Increment TMRO on rising clock edge
PSA = 0; //Assign prescaler to Tiner0

//Select a 1:32 prescal er

PSO = 0;
PS1 = O;
pPs2 = 1;

/[llnitialize the direction flag to shift bits from
[lright-to-left

[/(i.e. 0 =Shift PORTC bits fromright-to-I|eft
I 1 = Shift PORTC bits fromleft-to-right
direction = O;

/[llnitialize LED Qutput to all zeros
LED Cut put = 0b00000000;

© 2009-2015 Microchip Technology Inc. DS40001369C-page 51



PICDEM™ Lab Development Board User’s Guide

3. Copy and paste the code in Example 3-19 into the Get _I nput s() at the section
labeled:
/1 ADD GET_| NPUTS CODE HERE

EXAMPLE 3-19: GET_I NPUTS() CODE FOR GPIO LAB 5
[/ Check for a push button press (i.e. RA2 = 0)

if (RA2 == 0)
{
Del ay _5n55(); //Delay to debounce
[/ Check if push button is still pressed
if(RA2 == 0) direction ~=1; //If so, toggle the
//direction bit
}

/I Ot herwi se keep direction the sane as it was
el se direction = direction;

4. Copy and paste the code in Example 3-20 into the Deci de() over the code from
the previous lab.

EXAMPLE 3-20: DECI DE() CODE FOR GPIO LAB 5
if(direction == 0)

{

/I First check if LED Qutput variable has nost

/lsignificant bit set to 1 or if LED Qutput variable is

/lall 0's.

/[11f so, reinitialize the LED Qutput variable so that

//the most significant bit is set to 1 and all other

//bits are O

i f((LED_Qut put == 0b00000001) || (LED_ Cutput ==

0b00000000)) LED Qutput = 0b10000000;

[11f neither of these conditions are true, sinply shift
//the LED Qutput variable's contents to the Left by 1
//bit position

el se LED Qutput >>=1;
}

el se
{
[l First check if LED Qutput variable has the |east
//significant bit set
//to 1 or if LED Qutput variable is all 0's.
[11f so, re initialize the LED Qutput variable so that
//the least significant bit is set to 1 and all other
/lbits are O

i f ((LED_Qut put == 0b10000000) || (LED Qutput ==

0b00000000)) LED Qutput = 0b00000001;

[11f neither of these conditions are true, sinply shift
//the LED Qutput variable's contents to the Right by 1
[/bit position

el se LED Qutput <<=1;
}
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5. The Do_Qut put s() code from the previous lab stays the same.

6. Copy and paste the code in Example 3-21 into the Ti mi ng() over the code from
the previous lab.

EXAMPLE 3-21: TIM NZ ) CODE FOR GPIO LAB 5
unsi gned int delay_var = 9997;

[/ Keep | ooping until the delay_var is
/1 equal to zero (should take 10n8)
whi | e(--delay_var);

Note: This lab now utilizes a 10 mS delay to time the software control loop.

7. Copy and paste the code in Example 3-22 over the nmai n() code from the
previous lab.

EXAMPLE 3-22: MAI N() CODE FOR LAB 5
Initialize(); //lnitialize the relevant registers

whi | e(1)
{
Get _I nputs();//Evaluate inputs
Deci de();// Make any deci si ons
Do_Qutputs(); //Performany outputs
Timng();//Sets execution rate of the
/1 Sof tware Control Loop

8. Compile the project, there should be no errors.

3.44.4 TESTING THE APPLICATION

Program the PIC16F690. Once programmed, the LEDs connected to PORTC should
sequentially light from left-to-right in 10 mS intervals. When the push button is pressed,
the LEDs should change directions and sequentially light from right-to-left.
Continuously pressing the push button will change the direction each time.

It should be noted that the push button press inconsistently changes the direction of
sequential flashing. The problem here is that the firmware performs a technique called
“Polling” to check the state of the RAO pin that connects to the push button. Therefore,
the state of RAQ is checked only once each time through the software control loop when
the Get | nputs() is called. This polling is subject to the timing of the software
control loop and will lead to push button presses being missed. If the Ti m ng()
remained at the 1-second delay as implemented in the previous lab, this would have
made matters worse. The next labs will remedy these issues through the use of
interrupts.

The solution for this project is located in the
C. \ PI CDEM Lab\ GPI O _Labs\ GPI O_Lab5\ sol uti on directory.
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3.45 Lab 6: Push Button Interrupt
3.4.51 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:

1. OPTION Register: OPTION (Register 2-2 in Section 2 of the PIC16F690 Data
Sheet)

- Selects the edge transition on RA2/INT that will trigger an interrupt.

2. Interrupt Control Register: INTCON (Register 2-3 in Section 2 of the PIC16F690
Data Sheet)

- Enable interrupt functionality on the PIC16F690.
- Enables the RA2/INT external interrupt.
- Contains a flag that indicates the external interrupt has occurred.

3452 OVERVIEW

This lab expands upon Lab 5 by adding an interrupt that will occur each time the push
button connected to the RA2 pin is pressed.

As mentioned, polling a bit is heavily reliant on a number of factors such as the size of
the firmware and the timing of the software control loop. Polling does have its uses.
However, there may be times when an event, such as pressing a push button, requires
immediate attention. This is where the interrupt comes in. As the name implies, an
interrupt acts as a sort of alarm. When the Central Processing Unit receives an
interrupt, it immediately stops what it is doing, saves where in the code it was before
the interrupt, performs code or firmware defined by the user in the event of an interrupt
called an Interrupt Service Routine (ISR), and then returns to the previous task it was
performing prior to the interrupt.

So, why not use interrupts all the time? The answer is mainly cost. In order to
implement an interrupt for a specific function, the user may need to purchase a
microcontroller with a peripheral that accommodates the interrupt. This increases the
cost of the application. In some cases, polling a bit may be the way to go. Other cases
may require the interrupt thereby justifying the added cost of a particular peripheral.

The RA2 pin associated with the PORTA register features an external edge-triggered
interrupt capability (note the INT designation on the PIC16F690 Pin Diagram in Table
5 of the data sheet). The interrupt is configurable to occur on either the rising-edge (i.e.,
signal on RA2 pin transitions from low-to-high) or the falling-edge (i.e., signal on RA2
pin transitions from high-to-low) of the voltage on the RA2 pin. If the selected edge
transition is detected on RA2, the CPU then services the interrupt before returning to
the code it was executing prior to the interrupt. Referring again to Figure 3-12, the push
button connected to the RA2 pin is pulled high when not pressed. Therefore, the
interrupt will be configured to trigger on the high-to-low transition indicating a push
button press.

The INTCON register contains the enable (INTE) and flag (INTF) bits for the RA2
external interrupt. These bits indicate to firmware the condition that caused an interrupt
to occur. The other bits and accompanying registers are used for other peripheral
features on the microcontroller. The Global Interrupt Enable bit (GIE) is a sort of master
switch that allows interrupts, if individually enabled, to be used by the microcontroller.

The OPTION register features the Interrupt Edge Select (INTEDG) bit that will be used
to indicate the edge transition that will trigger an interrupt.

The software flowchart for this lab is shown in Figure 3-26.
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FIGURE 3-26: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
GPIO LAB 6

Global Variables: mai n()

« 8-bit variable LED Cut put will be used to light
the LEDs connected to PORTC
¢ 1-bit variable di recti on used to determine the

direction of the sequential LED flashing P .

0 = shift PORTC bits right-to-left Initialize()

1 = shift PORTC bits left-to-right %
Deci de()

—
Loop Forever +
Do_Qut put s()

Ti m ng()

Note the removal of the Get _| nput s() from the previous lab. This code will now be
handled by an Interrupt Service Routine (ISR) whenever the push button is pressed.
The PB_Pr essl SR() flowchart is shown in Figure 3-27.

FIGURE 3-27: PB_PRESSI SR() FOR LAB 6 SHOWING SWITCH DEBOUNCE

< PB_Pressl SR() >

INTE and INTF
bits set

NO

Clear INTF flag

RA2 pin=0
?

Delay for 5mS

RA2 pin=0
?

direction = directi on |-fQ—

P RETURN Toggle direction
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Referring to the flowchart in Figure 3-27, the PB_Pressl SR() replaces the
Get _I nput s() used in Lab 4 with a few additions. At the beginning of the ISR, the
INTE and INTF bits are first checked to ensure that the RA2/INT external interrupt is
indeed enabled and that the flag is set indicating that an RA2/INT external interrupt has
occurred. Determining the source of an interrupt becomes especially important if
multiple peripherals are configured to cause an interrupt. The ISR then clears the
RAZ2/INT external interrupt flag so that subsequent interrupts will be registered. The
ISR then performs the RA2 check along with the debounce routine that was discussed
in the previous lab.

3453 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1. Copy and paste the Interrupt Service Routine in Figure 3-23 at the top of the
firmware source file under the section labeled:
/**l NTERRUPT COI***************************************/

EXAMPLE 3-23:  PB_PRESSI SR() CODE FOR GPIO LAB 6

Subroutine: Interrupt Service Routine

Par anet ers: none

Ret ur ns: not hi ng

Synopsi s: Execute this code on any interrupt

void interrupt PB_Pressl SR(voi d)

{
[/ Check to see if the interrupt was caused by
//the external interrupt on RA2
/11f so, clear the external interrupt flag
//to allow subsequent interrupts to be detected
if(INTE & I NTF) INTF = O;

[/ Check to see if the RA2 pinis O
[/(i.e. push button pressed)
i f(RA2 == 0)
{
[11f RA2 is O delay for 5n5 to filter
//any switch bounce
Del ay_5mS() ;

//Check to see if RA2 is still O
/11f so, toggle the direction bit
if(RA2 == 0) direction "= 1;

}

[/1f RA2 is not O, keep direction val ue
//the sanme as it was
el se direction = direction;
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Note: Toindicate afunction that should be used whenever an interrupt occurs, the
i nt errupt function qualifier is needed. This qualifier is specific to the
HI-TECH C® Compiler.

2. Copy and paste the code in Example 3-24 into the I nitialize() over the
code from the previous lab.
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EXAMPLE 3-24: | NI TI ALl ZE() CODE FOR GPIO LAB 6

//Clear PORTC to a known state
//Set the least significant bit to 1 so that it can be
//shifted through
PORTC = 0b00000001;
//Clear the PORTA register to a known state
PORTA = 0b0000000O;
/1 Configure PORTC s ANALOE DIG TAL pins as all Digital

ANS4 = 0;//Associated with RCO
ANS5 = 0;//Associated with RCL
ANS6 = 0;// Associated with RC2
ANS7 = 0;// Associated with RC3
ANS8 = 0;// Associated with RC6
ANS9 = 0;//Associated with RC7

/1 Configure PORTC pins as all output
/[li.e. 1 = Input, 0 = CQutput

TRI SCO = 0;//Associ ated with RCO
TRISC1 = 0;//Associated with RCl
TRI SC2 = 0;//Associ ated with RC2
TRI SC3 = 0;//Associ ated with RC3
TRISC4 = 0;//Associated with RC4
TRISC5 = 0;//Associated with RC5
TRI SC6 = 0;//Associ ated with RC6
TRI SC7 = 0;//Associ ated with RC7

/1 Configure PORTA bit RAO as Digital input
ANS2 = 0O;
TRI SA2 = 1;

//Configure TinmerO to overflow every 5nS
TOCS = 0; //Select FOSC/4 as Tiner0 cl ock source
TOSE = 0; //Increment TMRO on rising clock edge
PSA = 0; //Assign prescaler to Tiner0

//Select a 1:32 prescal er
PSO
PS1
PS2

0,
0,
1

/[/1nitialize the direction flag to shift bits from
[lright-to-left
[/(i.e. 0 =Shift PORTC bits fromright-to-Ileft
I 1 = Shift PORTC bits fromleft-to-right
direction = 0;
/[/1nitialize LED Qutput to all zeros
LED_Qut put = 0b00000000;

[/ Configure for external interrupts on RA2
INTEDG = 0; //Interrupt to occur on Hi gh-to-LOW
/ltransition of RA2 voltage
INTE = 1; //Enable the external interrupt
INTF = 0; //Clear the external interrupt flag
G E = 1;//Enable interrupt capability on the
[/ PI C16F690 *** ALWAYS DONE LAST*****

It should be noted that the Global Interrupt Enable bit (GIE) is set last in the
Example 3-24. This ensures that interrupts will not occur during the I niti ali ze(),
having adverse consequences on code operation.
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3. Copy and paste the code in Example 3-25 into the mai n() over the code from
the previous lab to remove the Get _| nput s() .

EXAMPLE 3-25: MAI N() CODE FOR GPIO LAB 6
Initialize(); //Initialize the relevant registers

whi | e(1)
{

Deci de();// Make any deci si ons

Do _Qutputs(); //Perform any outputs

Timng();//Sets execution rate of the
/1 Sof tware Control Loop

4. The remaining code remains unchanged from the previous lab. Compile the
project. There should be no errors.

3.454 TESTING THE APPLICATION

Program the PIC16F690. The application should behave as it did in the previous lab.
Only this time, the change in LED flashing direction should now be more responsive to
push button presses due to the interrupt added.

The solution for this project is located in the
C. \ PI CDEM Lab\ GPI O _Labs\ GPI O _Lab6\ sol uti on directory.

3.4.6 Lab 7: Push Button Interrupt-on-Change
3.4.6.1 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:

1. Interrupt-on-Change PORTA Register: IOCA (Register 4-6 in Section 4 of the
PIC16F690 Data Sheet).
- Configures PORTA associated pins that will generate an interrupt when a
change in voltage level is detected.
2. Interrupt Control Register: INTCON (Register 2-3 in Section 2 of the PIC16F690
Data Sheet)

- Enable interrupt functionality on the PIC16F690.
- Enables PORTA/PORTB change interrupts.

- Contains a flag that indicates that a PORTA or PORTB change interrupt has
occurred.

34.6.2 OVERVIEW

This lab adds a different kind of interrupt associated with the General Purpose
Input/Output peripheral called interrupt-on-change. Rather than simply interrupting the
CPU on a single edge transition on the RA2 pin, an interrupt will now occur on any edge
transition. Therefore, when the push button is pressed and/or released, an interrupt will
occur. This lab will use these concepts to shift the flashing LEDs from left-to-right while
the push button is pressed and from right-to-left when the push button is released.

Each PORTA and PORTB pin is individually configurable as an interrupt-on-change
pin. Control bits in the Interrupt-on-Change PORTA register (IOCA) enable or disable
the interrupt function for each pin.
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The INTCON register is needed as well to implement the interrupt-on-change feature.
Again the GIE bit needs to be set to enable any interrupts used on the microcontroller.
To configure for an interrupt-on-change, the PORTA/PORTB Change Interrupt Enable
bit (RABIE) must be set along with the individual enable bits in the IOCA register. On
an interrupt-on-change for configured pins, the PORTA/PORTB Change Interrupt Flag
bit (RABIF) will be set. To detect a logic change on a port pin, the firmware needs to
know what has changed. Therefore, PORTA must be read before an
interrupt-on-change can occur. Reading PORTA retains, or latches, the current value
on the RA2 pin for later reference. In the event that the signal on the RA2 pin changes
and a mismatch with the reference value occurs, an interrupt will result.

The mai n() software flowchart for this lab remains the same as that in Figure 3-27 of
the previous lab. The Interrupt Service Routine changes since it now must determine
whether the interrupt occurred due to a high-to-low or low-to-high transition on pin RA2.
The ISR flowchart is shown in Figure 3-28.

FIGURE 3-28: PB_PRESSI SRFLOWCHART FOR LAB 7

< pb_pressl SR() )

RABIE and RABIF
bits set
?

RA2 pin=0
?

Clear RABIF flag

N
O Delay for 5mS
RA2 pin=0 NO
Delay for 5mS 2
*YES
NO direction = 1
direction =1
Read PORTA |« v

RETURN
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The PB_Pressl SR() now checks to see if the voltage level on RA2 has changed
state from a 1-to-0 or from 0-to-1. Each condition will change the direction that the
LEDs flash sequentially. Note that the di r ect i on bit toggle used in previous labs has
been replaced by assigning either a ‘1’ for the left-to-right direction or ‘0’ for the
right-to-left direction. As discussed earlier, the PORTA register must be read before the
first interrupt can occur and at the end of each subsequent ISR execution to ensure that
the microcontroller has an up-to-date reference to measure the current state of the RA2
pin.

Thelnitialize() forthislab configures the peripherals and interrupts as follows:

PORTC

- Clears PORTC

- Configures all pins as digital output

PORTA

- Clears PORTA

- Configures RA2 as a digital input

Timer0

- Uses the Fosc/4 as clock source

- Increment TMRO on rising FOsc/4 clock edge

- Use Prescaler at 1:32

Global Variables

- Initialize di r ecti on to ‘0’

- Initialize LED_Qut put to ‘0’

Interrupt

- Enable RA2 Interrupt-on-Change

- Enable change interrupts in INTCON by setting the RABIE bit
Clear the RABIF change interrupt flag in INTCON
Enable Global Interrupts by setting GIE

Read PORTA to latch current value on RA2 for reference

3.46.3 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1.

Copy and paste the code in Example 3-26 into the PB_Pr essl SR() over the
code from the previous lab.
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EXAMPLE 3-26: PB_PRESSI SR() CODE FOR GPIO LAB 7

/I First, check if the interrupt occurred as a result of an
/I RA2 change interrupt. If so, clear the RABIF flag so
//that subsequent interrupts can occur
i f(RABIE & RABIF) RABIF = O;
/I Check the push button connected to RAO pin. If O, then a
[/ push button press is indicated

i f(RA2 == 0)

{

//Delay for 5nS to filter switch bounce
Del ay_5n5();

//1if RA2 is still 0 then change the direction flag
if (RA2 == 0) direction = 1;
}

/I Check the push button connected to RAO pin. If 1, then a
[/ push button release is indicated
if(RA2 == 1)
{
//Delay for 5nS to filter switch bounce
Del ay_5nt() ;
/1if RA2 is still 1 then change the direction flag
if (RA2 == 1) direction = 0;

}

/1 Otherwi se, keep the direction bit the sane as it was
el se direction = direction;

// Read PORTA to latch RA2 value for the next interrupt
PORTA = PORTA;

2. Copy and paste the code in Example 3-27 into the I nitialize() over the
code from the previous lab.
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EXAMPLE 3-27: I NI TI ALI ZE() CODE FOR GPIO LAB 7

//Clear PORTC to a known state
/1Set the least significant bit to 1 so that it can be
//shifted through

PORTC = 0b00000001;

/1 Clear the PORTA register to a known state
PORTA = 0b0000000O;

/] Configure PORTC s ANALOE DIG TAL pins as all Digital

ANS4 = 0;// Associ ated with RCO
ANS5 = 0;//Associated with RC1
ANS6 = 0;// Associated with RC2
ANS7 = 0;//Associated with RC3
ANS8 = 0;//Associated with RC6
ANS9 = 0;//Associated with RC7

/] Configure PORTC pins as all output
[li.e. 1 = Input, 0 = Qutput

TRI SCO = 0;//Associated with RCO
TRISC1 = 0;//Associated with RCl
TRI SC2 = 0;//Associ ated with RC2
TRI SC3 = 0;//Associ ated with RC3
TRISC4 = 0;//Associated with RC4
TRISC5 = 0;//Associ ated with RC5
TRI SC6 = 0;//Associ ated with RC6
TRI SC7 = 0;//Associ ated with RC7

/] Configure PORTA bit RAO as Digital input
ANS2 = 0;
TRI SA2 = 1;

/1 Configure TinmerO to overflow every 5nfS
TOCS = 0; //Select FOSC/ 4 as Timer0O cl ock source
TOSE = 0; //lncrenent TMRO on rising clock edge
PSA = 0; //Assign prescaler to Tiner0

//Select a 1:32 prescaler
PSO ;
PS1
PS2

oo
Pee

//1nitialize the direction flag to shift bits fromright-to-Ileft
[/(i.e. 0 =Shift PORTC bits fromright-to-Ileft
I 1 = Shift PORTC bits fromleft-to-right

direction = O;

//1nitialize LED Qutput to all zeros
LED Qut put = 0b00000000;

[/ Configure for RA2 Interrupt-On-Change

| OCA2 = 1; //Enable RA2 interrupt-on-change
RABIE = 1; //Enable change interrupts
RABIF = 0; //C ear the change interrupt flag

G E = 1;//Enable interrupt capability on the
[/ PI C16F690 *** ALWAYS DONE LAST*****

// Read PORTA to latch the current RA2 vol tage |evel
PORTA = PORTA,
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3. All remaining code from the previous lab is unchanged. Compile the project.
There should be no errors.

3.4.6.4 TESTING THE APPLICATION

Program the PIC16F690. The LEDs connected to PORTC should now flash
sequentially from left-to-right when the push button is released and flash from
right-to-left when the push button is pressed.

The solution for this project is located in the
C. \ PI CDEM Lab\ GPI O Labs\ GPI O _Lab7\ sol uti on directory.

3.4.7 Lab 8: Using Weak Pull-Ups
3.4.71 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:
1. OPTION Register: OPTION (Register 2-2 in Section 2 of the PIC16F690 Data
Sheet)
- Enables PORTA/PORTB weak pull-ups to be used on the PIC16F690.

2. PORTA Weak Pull-Up Register: WPUA (Register 4-5 in Section 4 of the
PIC16F690 Data Sheet)

- Selects which PORTA pins will have weak pull-ups enabled.
3.4.7.2 OVERVIEW

This lab expands on the previous lab by adding weak pull-ups to remove the 10 kQ2
used previously to tie RA2 pin to VDD. Each of the PORTA pins (except RA3) and
PORTB pins, has an individually configurable internal weak pull-up. Essentially, these
weak pull-ups perform the same task as the resistor connected to the RA2 pin and push
button as shown in Figure 3-12 only internal to the microcontroller. This feature can be
used to decrease component counts in the circuit.

Clearing the PORTA/PORTB Pull-up Enable bit, RABPU, in the OPTION register will
enable weak pull-ups on any PORTA pin selected using the Weak Pull-Up PORTA
register (WPUA).

The only change needed to the PICDEM Lab Development Board Schematic shown in
Figure 3-21 is to remove the 10 kQ resistor connected to both the push button and pin
RA2.

Thelnitialize() isallthat needs to be changed in firmware by adding the following
configurations:

» Select RA2 to have a weak pull-up by setting the Weak Pull-Up Register bit
WPUAZ2 in the WPUA: PORTA Register.

» Enable the PORTA/PORTB Pull-up Enable bit (RABPU) in the OPTION register
by clearing it.
3.4.73 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1. Copy/paste the code in Example 3-28 into the Initialize() over the code
from the previous lab.
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EXAMPLE 3-28: | NI TI ALI ZE() CODE FOR GPIO LAB 8

//Clear PORTC to a known state
/1Set the least significant bit to 1 so that it can be
//shifted through

PORTC = 0b00000001;

/1 Clear the PORTA register to a known state
PORTA = 0b0000000O;

/] Configure PORTC s ANALOE DIG TAL pins as all Digital

ANS4 = 0;// Associ ated with RCO
ANS5 = 0;//Associated with RC1
ANS6 = 0;// Associated with RC2
ANS7 = 0;//Associated with RC3
ANS8 = 0;//Associated with RC6
ANS9 = 0;//Associated with RC7

/] Configure PORTC pins as all output
[li.e. 1 = Input, 0 = Qutput

TRI SCO = 0;//Associated with RCO
TRISC1 = 0;//Associated with RCl
TRI SC2 = 0;//Associ ated with RC2
TRI SC3 = 0;//Associ ated with RC3
TRISC4 = 0;//Associ ated with RC4
TRISC5 = 0;//Associ ated with RC5
TRI SC6 = 0;//Associ ated with RC6
TRI SC7 = 0;//Associ ated with RC7

/] Configure PORTA bit RAO as Digital input
ANS2 = 0;
TRI SA2 = 1;

/] Enabl e Weak Pul | -ups on RA2
WPUA2 1;
RABPU = 0; //Enabl e PORTA/ PORTB Pul | - ups

/1 Configure TinerO to overflow every 5nfS
TOCS 0; //Select FOSC/4 as Tinmer0 cl ock source
TOSE = 0; //Increment TMRO on rising clock edge
PSA = 0; //Assign prescaler to Tinmer0
//Select a 1:32 prescaler

PSO = 0O;
PS1 = O;
PsS2 = 1;

//1nitialize the direction flag to shift bits fromright-to-Ileft
[/(i.e. 0 =Shift PORTC bits fromright-to-I|eft
I 1 = Shift PORTC bits fromleft-to-right
direction = O;
//1nitialize LED Qutput to all zeros
LED_CQut put = 0b00000000;

/] Configure for RA2 Interrupt-On-Change

| OCA2 = 1; //Enable RA2 interrupt-on-change
RABIE = 1; //Enable change interrupts
RABIF = 0; //Cl ear the change interrupt flag

G E = 1;//Enable interrupt capability on the
[/ PI C16F690 *** ALWAYS DONE LAST*****
// Read PORTA to latch the current RA2 vol tage |evel
PORTA = PORTA;
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3.4.74 TESTING THE APPLICATION
Program the PIC16F690. The application should operate exactly as it did in the
previous lab. Only this time with the absence of the 10 kQ pull-up resistor.

The solution for this project is located in the
C:. \ PI CDEM Lab\ GPI O _Labs\ GPI O _Lab8\ sol uti on directory.
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Chapter 4. Comparator Peripheral Labs

4.1 INTRODUCTION

The following labs cover some of the fundamental features of the Comparator 1
peripheral found on the PIC16F690 including some unique applications. These
peripherals are very useful mixed signal building blocks as they provide analog
functionality independent of program execution. The labs in this section will
demonstrate this functionality, then introduce intelligence to implement a relatively high
resolution temperature sensor measurement application.

4.2 COMPARATOR LABS

42.1 Reference Documentation

All documentation is available on the PICDEM™ Lab Development Kit accompanying
CD-ROM:
» PIC16F690 Data Sheet (DS41262)
- Section 4.0: 1/0 Ports
- Section 5.0: TimerO Module
Section 6.0: Timerl Module
Section 8.0: Comparator Module

« Introduction to MPLAB® IDE and HI-TECH C® PRO for the PIC10/12/16 MCU
Family Lite Mode Compiler Tutorial (DS41322)

4.2.2 Comparator Labs

The labs that will be implemented in this chapter are:

* Lab 1: Simple Comparator

» Lab 2: Using the Internal Comparator Voltage Reference

» Lab 3: Higher Resolution Sensor Readings Using a Single Comparator

4.2.3 Equipment Required

To complete the labs in this section, the following components are required:
2 — 10 kQ resistors

4 — 470Q resistor

1 - 100 kQ potentiometer

4 — Light Emitting Diodes

1 — 1N4148 diodes

1 — 1 uF capacitor

PIC16F690 populating socket U2

Assorted jumper wires

© Nk WD
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4.2.4 Lab 1: Simple Compare
4241 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:
1. Comparator C1 Control Register 0: CM1CONO (Register 8-1 in Section 8 of the
PIC16F690 Data Sheet)
- Enables Comparator C1.
- Configures Comparator output polarity.
- Enables the Comparator result to be available internal only or on the C1OUT
pin (pin 17).
- Select inverting and non-inverting Comparator 1 reference input sources.

4242 OVERVIEW

In this lab, Comparator 1 on the PIC16F690 is configured to perform a simple compare.
A potentiometer connected to the inverting input (C12INO-) of the comparator will be
compared against the 2.5V connected to the non-inverting input (C1IN+) from a simple
voltage divider circuit. An LED connected to the output of Comparator 1 (C10UT) will
light or turn off as follows:

+ inverting reference > non-inverting reference = C10UT is low = LED OFF
* inverting reference < non-inverting reference = C10UT is high = LED ON

The PICDEM™ Development Board configuration schematic is shown in Figure 4-1.

FIGURE 4-1: SCHEMATIC FOR COMPARATOR LAB 1
Vbp
J8 u2 J9 R1
1 20 10 kQ
8 8 2 CAIN+_19 2 g
ol 2 C12INO 1? ole
c10UT
EEEEMAEE
o] fa] BC 15|15 R2
Olo 1—0|0 10k Vg
8lo= zamiot 1o T
10 17
@][@] o][@)
Vss
R3
Ra —————————————® 2> 100kQ
470Q
LED1
§ sts
Vss

The software flowchart for this lab is shown in Figure 4-2.
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FIGURE 4-2: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
COMPARATOR LAB 1

Initialize()

Loop Forever C *
Wait

As mentioned in the introduction, comparators on the PIC16F690 are able to function
independent of software logic. Therefore, all that is needed is to call the
Initialize() from main() to activate the peripheral. The Initialize()
configures Comparator 1 as follows:

* Turn on Comparator 1

* Make the Comparator 1 output available on the C1OUT pin
» Select pin C1IN+ as the non-inverting reference

 Select pin C12INO- as the inverting reference

» Configure the C10UT pin as an output

4243 PROCEDURE

Using the Project Wizard, create a new project using the PIC16F690 entitled
Conpar ator _Labl. ncp as was done in previous labs. Once completed, open the
Conpar at or _Lab2. ¢ source file in MPLAB and do the following:

1. Copy/paste the code in Example 4-1 into the I nitialize() section labeled:
/1 ADD | NI TI ALI ZE CODE HERE

EXAMPLE 4-1: INITIALIZE CODE FOR COMPARATOR LAB 1
//1nitialize Conparator 1 as foll ows:

[/ Turn conparator 1 on
CION = 1;

[/ Make the conparator output available on the
[/ C1LQUT pin
ClCE = 1;

/] Sel ect the non-inverting pin (CLIN+) as the
/I non-inverting reference input for the conparator 1
CiR = 0;

/] Select the C12INO- pin as the inverting reference
ClCHO = O;
CIlCHL = O;

/1 Since the conparator 1 output shares the sane pin
//as PORTA bit 2, configure the corresponding TRI SA2 bit
//as an out put

TRI SA2 = 0;
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2. Copy and paste the code in Example 4-2 into the mai n() section labeled:
/1 ADD MAI N CODE HERE

EXAMPLE 4-2: MAI N() CODE FOR COMPARATOR LAB 1

Initialize(); //Initialize the relevant registers
whi l e(1);

Note: The inclusion of the whi | e loop forces the microcontroller to sit and wait at
a “known” instruction. At start-up, the contents of the program memory are
unknown. Without the whi | e loop, the microcontroller will continue to run
through each address in program memory executing whatever resides at a
particular address. This could have adverse effects on the application.

3. Compile the project. There should be no errors.

4244 TESTING THE APPLICATION

Program the PIC16F690. The LED connected to the C10OUT pin should light when the
voltage present on the C12INO- pin is less than the 2.5V present on the C1IN+ pin and
turn off when the 2.5V is exceeded.

The solution for this project is located in the
C:. \ PI CDEM _Lab\ Conpar at or _Labs\ Conpar at or _Lab1\ sol uti on directory.

Note: This application uses two pins that are used during the programming pro-
cess (ICSPDATA and ICSPCLK). The jumper wires connecting these pins
to the application circuit may need to be disconnected while programming

if there are problems with the MPLAB IDE connecting to the PIC16F690.

4.2.5 Lab 2: Using the Comparator Voltage Reference
4251 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:
1. Voltage Reference Control Register: VRCON (Register 8-5 in Section 8 of the
PIC16F690 Data Sheet).

- Enables either the Comparator Voltage Reference or the 0.6V constant
reference as the non-inverting reference input to Comparator C1 or
Comparator C2.

- Selects either a High or Low resolution 16-level voltage range.
- Enable a 0.6V reference.
- Uses three bits to configure the reference voltage level.

4252 OVERVIEW

This lab expands on Lab 1 by utilizing the internal Comparator Voltage Reference
(CVREF) feature on the PIC16F690. The CVREF provides an internally generated
voltage reference that can be used by the Comparator 1 non-inverting reference input
so that external components are not needed such as the resistor voltage divider used
in the previous lab. The CVREF features:

* Independent comparator operation

» Two 16-level voltage ranges

» Ratiometric with VDD

+ Fixed 0.6 reference option

» Output clamped to Vss
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The CVREF has two ranges with 16 voltage levels in each range. Range selection is
controlled by the CVREF Range Selection (VRR) bit in the VRCON (Voltage Reference
Control Register) along with the CVREF Value Selection bits (VR<3:0>). The Value
Selection bits hold a value based upon some simple calculations to set the internal
reference voltage. The CVREF voltage is determined using Equation 4-1:

EQUATION 4-1: CVREF OUTPUT VOLTAGE

VRR =1 (L ow-Range):
CVREF = (VR<3:0>/24) x VDD
VRR =0 (High-Range):
CVREF = (VDD/4) + (VR<3:0> x VDD/32)

This lab will implement the low-range calculation by setting the VRR bit in VRCON
equal to 1. Equation 4-2 demonstrates how to calculate the VR<3:0> values, using the
low-range method, to obtain a 2.5V internal reference. If higher resolutions are
required, the high-range method should be used (see Section 8.10.2 in the PIC16F690
Data Sheet (DS41262).

EQUATION 4-2:  CALCULATING A 2.5V INTERNAL REFERENCE
(LOW-RANGE METHOD)

VRR =1 (L ow-Range):
CVREF = (VR<3:0>/24) x VDD

Known: desired CVREF = 2.5V, VDD approximately 5V
Therefore:

2.5V = (VR<3:0>/24 x 5V

2.5V/5V = (VR<3:0>/24)

(2.5V/5V) x 24 = VR<3.0>

VR<3:0> = 12,4 or 1100,
1 VRO=0
VR1=0
VR2=1
VR3=1

Thelnitialize() from the previous lab now must configure both the Comparator 1
peripheral and the CVREF as follows:

* Turn on Comparator 1

 Select CVREF the non-inverting reference for Comparator 1

» Continue to use the C12INO- pin as the inverting reference

* Turn on CVREF

 Select the low-range feature

» Set the CVREF Value Selection bits as per the calculation in Equation 4-2.

Changes to the PICDEM™ Development Board configuration schematic for this lab are
shown in Figure 4-3.
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FIGURE 4-3: SCHEMATIC FOR COMPARATOR LAB 2
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J8 u2 J9
olol— —olo
8 8 3 C12IN0{_18 2 9
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e e ;
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oo+ 14 10[0| Sre
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Vss
4253 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1.

Copy and paste the code in Example 4-3 intothe I niti al i ze() overthe code
from the previous lab.
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EXAMPLE 4-3: INITIALIZE CODE FOR COMPARATOR LAB 2
//1nitialize Conparator 1 as foll ows:

[/ Turn conparator 1 on
CION = 1;

!/ Make the conparator output available on the
[/ C1LQUT pin
ClCE = 1;

/1 Select the internal voltage reference
/las the non-inverting reference vol tage
ClR = 1;

//Select the C12INO- pin as the inverting reference
C1CHO = O;
CicHL = 0;
/llnitialize the internal voltage reference as foll ows:

[/ Turn on the Cvref output and route to the ClVref input
/1 of conparator 1
C1VREN = 1;

//Use the conparator voltage | ow range feature
VRR = 1;

/1 Set the conparator voltage reference val ue sel ection
//to 2.5V by making the VR<3:0> bits equal to 12 or
//binary 1100 (see | ab manual for equations)

VRO = O;
VR1 = O;
VR2 = 1;
VR3 = 1;

)

/1 Since the conparator 1 output shares the same pin
/las PORTA bit 2, configure the corresponding TRI SA2 bit
//as an out put

TRI SA2 = 0;

2. The mai n() stays the same as the previous lab.
3. Compile the project. There should be no errors.

4254 TESTING THE APPLICATION

Program the PIC16F690. The application should behave exactly as it did in the
previous lab with the exception of less components used.

The solution for this project is located in the
C:. \ PI CDEM _Lab\ Conpar at or _Labs\ Conpar at or _Lab2\ sol uti on directory.
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4.2.6 Lab 3: Higher Resolution Sensor Readings Using a Single
Comparator

4.2.6.1 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:

1. Timer1 Control Register: T1ICON (Register 6-1 in Section 6 of the PIC16F690
data sheet)

- This register is used to control Timer1 and select various features of the
module. In this lab the register will be used to enable Timer1 and select the
clock source.

426.2 OVERVIEW

This lab expands on concepts discussed in the previous comparator lab by
implementing intelligence to create a higher resolution temperature sensor
measurement application. The comparator will be configured to operate as a simple
relaxation oscillator with the addition of a few external components. The internal
voltage reference will still be used to provide the non-inverting reference only this time
the 0.6V Fixed Voltage Reference feature will be implemented.

The basic oscillator circuit is shown in Figure 4-4.

FIGURE 4-4: BASIC RELAXATION OSCILLATOR CIRCUIT

TR

R1 e C1

Vss VVSS

Referring to Figure 4-4, at start-up, the capacitor connected to the inverting reference
of Comparator 1 is completely discharged. Therefore, the voltage present on the
inverting reference is OV which is less than the 0.6V Fixed Voltage Reference on the
non-inverting reference and Comparator 1’s output goes high. This rapidly charges the
capacitor through the diode (D1) to a level approximately equal to VDD. Once the
Comparator detects that the inverting reference input is greater than the 0.6V Fixed
Voltage Reference, the output transitions low. The charge across the capacitor then
discharges slowly across the resistor R1. Once the capacitor charge drops below the
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0.6V fixed reference, the cycle repeats and the system oscillates. The frequency of this
oscillation is dependent on the RC time constant (T = R x C), or the time it takes to
discharge the capacitor to 37% of its initial voltage. As either the resistance or
capacitance decreases, so will T effectively increasing the frequency of the oscillator.
If the resistor is replaced with a Negative Temperature Coefficient (NTC) thermistor
where resistance decreases as temperature increases, any temperature change would
cause a shift in resistance with a subsequent shift in the frequency of the oscillator.

This oscillator can be created quite easily by simply initializing the comparator and
nothing more. However, with the addition of some intelligence and some additional
peripherals, a high resolution sensor measurement application can be achieved.

The PIC16F690 features a 16-bit timer/counter peripheral Timer1. This timer can either
use the internal instruction clock (Fosc/4) as its time base or an external clock source
on the Timer1 Clock Input (T1CKI) pin to increment two 8-bit registers, TMR1H and
TMR1L, to obtain a combined 16-bit result. In this application, the oscillator described
will be used as the Timer1 clock source. Therefore, the TMR1H: TMR1L will increment
with each low-to-high transition effectively counting the number of pulses. The Timer0
peripheral features an interrupt-on-overflow (255-0) that will be used to provide a fixed
time frame in which the TMR1H:TMR1L registers will count. On a TimerQ overflow
interrupt, the Timer1 peripheral stops counting and the current value in the upper four
bits of TMR1H will be output to four LEDs connected to PORTC pins RC3, RC2, RC1
and RCO. In order to obtain a usable result, it is important that Timer0 triggers an
interrupt before the TMR1H:TMR1L result overflows. If the temperature to the
thermistor changes, the oscillator frequency will shift resulting in a change in the
number of counts the Timer1 peripheral was able to implement before the fixed Timer0
interrupt with a different result displayed on the LEDs.

The schematic for this lab is shown in Figure 4-5.

FIGURE 4-5: SCHEMATIC FOR COMPARATOR LAB 3
R1
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The software flowchart for this lab is shown in Figure 4-6.

FIGURE 4-6: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
COMPARATOR LAB 3

Initialize()

Loop Forever C *
Wait

Thelnitialize() configures the PIC16F690 as follows:

» Configure PORTC pins RCO, RC1, RC2 and RC3 and digital outputs
» Comparator 1
- Enable Comparator 1.

Make the Comparator 1 output available on the C10OUT pin configuring
TRISA2 as an output.

Route the CVREF output to the non-inverting reference input.

Select pin C12INO- as the inverting reference configuring TRISA1 as an input.
Configure the C1OUT pin as an output.

» CVREF Configuration:

- Configure CVREF to route the 0.6V Fixed Voltage Reference to the non-invert-
ing reference of Comparator 1.

» Timer1 Configuration:
- Select the T1CKI pin as the Timer1 clock source making TRISA5 an input.
- Clear both Timer1 result registers TMR1H: TMR1L.
- Turn on Timer1.
» Timer0O
- Select Fosc/4 as the TimerO clock source.

- Assign the prescaler to TimerO and configure so that the TMRO register
increments every 256th clock pulse.

- Enable Timer0 interrupt-on-overflow
- Clear the TimerO interrupt flag

- Preload TMRO with 10 (this ensures that a Timer0 interrupt will occur before
the Timer1 registers overflow).

- Enable Global Interrupts on the PIC16F690.
The Interrupt Service Routine, TMRO_| SR( ), is shown in Figure 4-7.
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FIGURE 4-7: TMRO_I SRFLOWCHART FOR COMPARATOR LAB 3

TVRO_I SR()

‘ Clear TOIF Flag | | Keep PORTC the same

Y Y

‘ Turn off Timer1 | END

'

Assign PORTC the TIMRH value
shifted 4 bits to the right

v

Clear the Timer1 result register
pair TMR1H:TMR1L

v

‘ Turn on Timer1 |

The TMRO_I SR() first checks if a TimerO interrupt has occurred (good programming
practice). If so, then the TimerO0 interrupt flag is cleared and Timer1 is turned off to stop
counting the oscillator clock pulses on the T1CKI pin. Next, the 4 MSbs of the Timer1
16-bit result is assigned to the RC0O, RC1, RC2 and RC3 pins to light the associated
LEDs. Finally, the Timer1 result register pair are cleared and Timer1 is turned on to
begin a new count.

426.3 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1. Copy/paste the code in Example 4-4 into the top of the main firmware source file
under the heading labeled:

] | NTERRUPT OODE- - - -« =--==--=--
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EXAMPLE 4-4: TMRO_ISR CODE FOR LAB 3

voi d interrupt TMRO_I SR(voi d)

//Check if TimerO interrupt has occurred

i f(TOI E&&TOI F)

{
/1if so, clear the interrupt flag
TOIF = 0;
[/ Turn off Timerl (stop counting)
TMRION = 0;
/] Assi gn the upper 4-bits of the 16-bit
/lresult to PORTC to light the LEDs connected
/1 RCO, R1, RC2 and RC3
PORTC = TMR1H>>4;
TVRO = 10;
//Clear the Tinmerl register pair
TMRIL = O;
TMR1IH = 0;
[/ Turn Timerl back to start counting again
TMRION = 1;
}

el se PORTC = PORTC;

2. Copy and paste the code in Example 4-5 intothe I ni ti al i ze() overthe code

from the previous lab:
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EXAMPLE 4-5: INITIALIZE CODE FOR COMPARATOR LAB 3

/1 Configure RCO, RCl, RC2 and RC3 as digital outputs
ANSEL = 0b00001111,

PORTC = 0;
TRI SCO = 0;
TRISC1 = 0;
TRI SC2 = 0;
TRI SC3 = 0;
/llnitialize PORTA pin connected to C12I NO-
TRI SA1 = 1;
/I Make CLOUT pin an out put
TRI SA2 = 0;

/1 Configure the Conparator 1 as follows:

//Turn on conparator 1
CION = 1;

// Make CLOUT avail abl e externally
ClCE = 1;

/1 Connect the non-inverting reference to CVREF
CiR = 1,

/I Connect the inverting reference to C121 NO-
C1CHo
ClCH1L

/1 Configure the CVREF as foll ows:

// Route CVREF output to Conparator 1 non-inverting reference
VRCON = 0;

/1 Enabl e the 0.6V fixed reference voltage
VPGEN = 1,

/1 Configure Timerl as follows

// Make T1CKI and i nput

:O’
= 0;

TRI SA5 = 1;
T1CON = O;
//Select T1CKI as Tinerl' s clock source
TMRICS = 1,
/llnitialize the 16-bit Tinerl register pair to O
TMR1H = O;
TMRIL = O;
[/ Turn on Tinerl
TVRION = 1;

//Set up Tiner0 as follows:
/1 Use FOSC/ 4 for TimerO C ock Source
OPTION = 0;
TOCS = 0;
/lassign the prescaler to TMRO
PSA = 0;
//set up prescaler for 1:256
PSO = 1;
PS1 1;
PS2 1;
/1 Enable Timer0O Interrupts
TOIE = 1;
/1 Clear the TimerO overflow interrupt flag
TOIF = O;
//Preload TMRO with 10 to keep overflow period
/1l ess than Tinmerl overfl ow period
TVMRO = 10;
// Enabl e gl obal interrupts
QE = 1;
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3. Copy and paste the code in Example 4-6 into the nai n() over the code from
the previous lab:

EXAMPLE 4-6: MAI N() CODE FOR COMPARATOR LAB 3

Initialize(); //Initialize the relevant registers
whi l e(1);

4. Compile the project. There should be no errors.

4.2.6.4 TESTING THE APPLICATION

Program the PIC16F690. Adjust the R1 potentiometer until the LEDs begin to light
displaying a binary value. Touching the thermistor should introduce heat, reduce the
frequency of oscillation and increase the binary count on the LED display. Introducing
cold to the thermistor should have the opposite effect thereby decreasing the binary
count.

The solution for this project is located in the
C:. \ PI CDEM Lab\ Conpar at or _Lab\ Conpar at or _Lab3\ sol uti on directory.
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Chapter 5. Analog-to-Digital Converter Peripheral Labs

5.1 INTRODUCTION

The Analog-to-Digital Converter (ADC) peripheral allows conversion of an analog input
signal to a 10-bit binary value representing that signal so that it can be used in firmware.

The following labs cover some of the fundamental features of the Analog-to-Digital
Converter (ADC) peripheral found on the PIC16F690 including some unique
applications.

5.2 ADCLABS

The labs that will be implemented in this chapter are:

* Lab 1: Simple ADC
» Lab 2: Audible Temperature Sensor

5.2.1 Reference Documentation

All documentation is available on the PICDEM™ Lab Development Kit accompanying
CD-ROM
» PIC16F690 Data Sheet (DS41262)
- Section 4: 1/0O Ports
- Section 5: Timer0 Module
- Section 9: Analog-to-Digital Converter (ADC) Module
» Timers: Timer0 Tutorial (Part 1) (DS51628)
» Timers: Timer0 Tutorial (Part 2) (DS51702)

« Introduction to MPLAB® IDE and HI-TECH C® PRO for the PIC10/12/16 MCU
Family Lite Mode Compiler Tutorial (DS41322)

5.2.2 Equipment Required

To complete the labs in this section, the following components are required:

1. 1-100Q2 resistor

2. 4 —-470Q resistors

3. 1-1kQ resistor

4. 1-10KkC2 resistor

5. 1-100 kQ potentiometer
6. 1—10kQ NTC Thermistor

7. 4 - Light Emitting Diodes

8. 1-IRFD010 N-Channel MOSFET
9. PIC16F690 populating socket U2
10. Assorted jumper wires
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5.2.3 Lab 1: Simple ADC

5.2.3.1 NEW REGISTERS USED IN THIS LAB

To configure the peripherals used in this lab, the following registers are used:

1.

ADC Control Register 0: ADCONO (Register 9-1 in Section 9 of the PIC16F690
Data Sheet)

Configures ADC conversion result justification.

Select ADC reference voltage.

Selects ADC input channel (i.e., pin with analog voltage to be converted).
Starts ADC conversion and determines when ADC conversion is complete.
Enables the ADC peripheral.

ADC Control Register 1: ADCON1 (Register 9-2 in Section 9 of the PIC16F690
Data Sheet)

Determines ADC conversion clock.

ADC Result Register high: ADRESH (see Register 9-3 in Section 9 of the
PIC16F690 Data Sheet)

Holds upper eight bits or upper two bits (depending on justification selected)
of 10-bit ADC conversion result.

ADC Result Register low: ADRESL (see Register 9-4 in Section 9 of the
PIC16F690 Data Sheet)

Holds lower eight bits or lower two bit (depending on justification selected) of
10-bit ADC conversion result.

5232 OVERVIEW

In this lab, the ADC peripheral on the PIC16F690 is used to perform a simple
conversion of an analog voltage present on pin 13. The voltage is varied using a
100 kQQ potentiometer. This voltage is compared against a reference voltage to
generate a 10-bit binary result via successive approximation stored into two 8-bit ADC
result registers ADRESH and ADRESL. The ADC result is software selectable as either
left or right justified as shown in Section 9.1.6 of the PIC16F690 Data Sheet. This
application will configure the ADC result as left justified with the four Most Significant
bits of the 10-bit result output to the RC0O, RC1, RC2 and RC3 PORTC pins used to light
connected LEDs accordingly.The PICDEM™ Development Board configuration
schematic is shown in Figure 5-1.
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FIGURE 5-1: SCHEMATIC FOR ADC LAB 1
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The voltage reference is software selectable as either VDD or an external voltage
applied to the external reference pin 18 (VREF). To minimize circuit complexity, this
application makes use of VDD as the reference.

The software flowchart for this lab is shown in Figure 5-2.

FIGURE 5-2: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
COMPARATOR LAB 1

Global variables initialized:

* 8-bit variable LED_out put will be used to
light the three LEDs connected to PORTC

Initialize()

v

—|Get _I nput s()

Loop Forever *
Deci de()

v

Do_CQut put s()

© 2009-2015 Microchip Technology Inc. DS40001369C-page 83



PICDEM™ Lab Development Board User’s Guide

Thelnitialize() configures the peripherals as follows:

» Ports
- Configure pin 13 as an analog input (using TRISB4).
- Clear the PORTC register.
- Configure RCO0, RC1, RC2 and RC3 pins as digital output.
+ ADC
- Select ADC conversion clock FRC
Configure voltage reference using VDD.
Select channel 10 as the ADC input channel (Pin 13: RB4/AN10).
Select result format left justified (10-bit result in ADRESH<7:0> and
ADRESL<7:6>).
Turn on ADC module.

Note: The ADC conversion clock is the time that will be used to convert the analog
voltage present on pin 13 to a 10-bit value in the ADRESH:ADRESL
registers. It takes 11 of these conversion clock cycles to perform a complete
ADC. If the conversion clock period is insufficient, an incomplete ADC result
will occur. The electrical specifications for the PIC16F690 state that the
conversion clock must have a period of at least 1.5 pSeconds or a
frequency of approximately 667 kHz. The ADC module section of the data
sheet specifies acceptable conversion clock frequencies depending on the
main oscillator used to drive the microcontroller and should be referenced.
In this application, a dedicated internal oscillator for the ADC module is
used ensuring a conversion clock frequency of between 2-6 pSeconds.
(see Table 17-16 in Section 17 of the PIC16F690 Data Sheet).

Next, the Get _I nput s() performs an ADC on the voltage present on pin 13. The
internal capacitor connected to the input of the ADC peripheral needs time to charge to
the voltage present on the pin. Therefore, software will need to implement a short delay
to allow for this charging time. The ADC module section “A/D Acquisition
Requirements” of the data sheet goes into great detail and includes an equation for
selecting an appropriate acquisition time. For the purposes of this lab, a simple 1 mS
delay should be more than sufficient. These parameters become important in
high-speed applications where every uS counts.

The GO/DONE bit in ADCONO is used to start the ADC process when set to ‘1’. This
bit also serves as a flag that indicates when the ADC is completed (GO/DONE = 0).
Therefore, the Get _| nput s() initiates an ADC by setting GO/DONE then sits and
waits for the bit to clear, indicating a completed conversion.

The software flowchart for the Get _| nput s() is shown in Figure 5-3.
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FIGURE 5-3: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
COMPARATOR LAB 1

< Get _I nputs() )

Del ay_1nf()

v

Start conversion by setting

Gives ADC capacitor time to charge

GO/DONE bit

Wait for ADC to complete

Following the Get _| nput s( ), the 10-bit ADC result is now in the ADRESH:ADRESL
registers. The Deci de() assigns the ADC result value, shifted four bit positions to the
right, to the LED_Qut put variable.

Finally, the Do_CQut put s() assigns the contents of LED Qut put to the PORTC
register that will light the LEDs connected to RC0O, RC1, RC2 and RC3 accordingly.

5.2.3.3 PROCEDURE

Using the Project Wizard, create a new project called ADC Labl. ntp. Once
completed, open the ADC Labl. c source file in MPLAB and make the following
changes:

1. Copy and paste the code in Example 5-1 into the top of the main firmware source
file under the heading labeled:
[ DATA MEMORY- - - = = = === o= - -

EXAMPLE 5-1: GLOBAL VARIABLES USED IN LAB 1

unsi gned char LED Qutput = 0;//assigned to PORTC to |ight
/I connect ed LEDs

2. Copy and paste the code in Example 5-2 into the top of the main firmware source
file under the heading labeled:
N T SUPPORT ROUTI NES---------------

© 2009-2015 Microchip Technology Inc. DS40001369C-page 85



PICDEM™ Lab Development Board User’s Guide

EXAMPLE 5-2: DELAY_1MS() CODE FOR ADC LAB 1

Subroutine: Delay_1nt
Par anet ers: none
Ret ur ns: not hi ng

voi d Del ay_1n55(voi d)

Synopsys: Creates a 1nf del ay when called

{
unsigned int delay_var = 98;
/I Keep | ooping until the delay_var is
/] equal to zero (should take 1ngS)
whi |l e(--delay_var);

}

3. Copy and paste the code in Example 5-3 into the Initialize() section

labeled:
//ADD | NI TI ALI ZE CODE HERE
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EXAMPLE 5-3: INITIALIZE CODE FOR COMPARATOR LAB 1

/] Configure Port:
TRI SB4 = 1;

/] Configure pin as anal og
ANS10 = 1;

/] Configure RCO, RCl, RC2 and RC3 as digital
PORTC = 0;

TRI SCO
TRI SC1
TRI SC2
TRI SC3

)

)

)

cooo

l

ANS4
ANS5
ANS6
ANS7

eeee

/1 Configure the ADC nodul e:
/] Sel ect ADC conversion clock Frc

ADCSO = 1;
ADCS1 = 1;
ADCS2 = 1;

/1 Configure vol tage reference using VDD
VCFG = 0;

/] Sel ect ADC i nput channel Pin 13 (RB4/AN10)

CHSO = 0;
CHS1 = 1;
CHS2 = 0;
CHS3 = 1;

l

//Select result format left justified
ADFM = 0;

// Turn on ADC nodul e
ADON = 1;

// Di sabl e pin output driver (See TRI'S register)

out put

4. Copy and paste the code in Example 5-4 into the Get | nputs() section

labeled:
// ADD GET | NPUTS CODE HERE

© 2009-2015 Microchip Technology Inc.
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EXAMPLE 5-4: GET_I NPUTS() CODE FOR ADC LAB 1

/I Performan ADC of potentionmeter connected to pin 13

//Wait the required acquisition tine
Del ay_1n();

/1 Start conversion by setting the GO DONE bit.
GODONE = 1;

/Wit for ADC conversion to conplete
//Polling the GO DONE bit

// 0 = ADC conpl eted

// 1 = ADC in progress

whi | e( GCDONE == 1);

5. Copy and paste the code in Example 5-5 into the Deci de() section labeled:
/| ADD DECI DE CODE HERE

EXAMPLE 5-5: DECI DE() CODE FOR ADC LAB 1

/] Assign the upper 4 bits of ADRESH to the lower 4 bits

/] of LED_Cut put

LED Qutput = ADRESH >> 4; //Shifts the bits in ADRESL 4 bits
//to the right

6. Copy and paste the code in Example 5-6 into the Do_Qut puts() section
labeled:
// ADD DO OQUTPUTS CODE HERE

EXAMPLE 5-6: DO_QOUTPUTS() CODE FOR ADC LAB 1

/] Assign contents of LED Qutput to PORTC to |ight the connected
/| LEDs
PORTC = LED Qutput;

7. Copy and paste the code in Example 5-7 into the mai n() section labeled:
/1 ADD MAI N CODE HERE

EXAMPLE 5-7: MAI N() CODE FOR ADC LAB 1

Initialize(); //lnitialize the relevant registers
whi | e(1)
{

Get _I nputs();
Deci de();
Do_Qut put s();

8. Compile the project. There should be no errors.
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5.2.3.4 TESTING THE APPLICATION

Program the PIC16F690. Turning the potentiometer connected to pin 13 should light
the LEDs sequentially in a binary fashion. Note that these are the four Most Significant
bits of the ADC result. Adding six more LEDs and 1/O pins would allow the complete
10-bit value to be displayed. To determine the significance of each bit in the
ADRESH:ADRESL 10-bit result, see Figure 5-4.

FIGURE 5-4: ADC RESULT BIT SIGNIFICANCE

10-BIT ADC RESULT (ADRESH: ADRESL)

1 1 1 1 1 1 1 E S VAR R VN
2~ Voo~ Voo—g~ Vooi1g VoD[37 VoD[6z VD128 VODZ56 VODETZ VoD|inz2 VoD

Note: Assumes that VDD is used as the ADC reference. If an external
reference is used, the voltage present on VREF pin is substituted
for VDD.

Example:

If following an ADC, the ADRESH:ADRESL contains the following 10-bit
value:

10-BIT ADC RESULT (ADRESH: ADRESL)

v v v v
%VDD + % Voo + % Voo + 10%1\/[’[’ Bit positions set to ‘1’
are added together
= ey o, L o, sy Ly
4 32 1024
= 25V 4+ 125V 4+ 015625V 4+ 0000488V = 3911V

(rounded to the nearest mV)

Note: Using a 5V reference voltage with a 10-bit provides a resolution of
0.000488V or 4.88 mV (5V/1024).
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Since this lab outputs the four Most Significant bits of the ADC result and VDD is used
as the reference voltage, the LED display should correspond with the following voltage
levels shown in Table 5-1.

TABLE 5-1: CORRESPONDING VOLTAGE ON PIN 13 RELATED TO LIT LEDS
(1 =LED ON, 0 = LED OFF)

LED4 LED3 LED2 LED1 pin 13 Voltage

<0.3125V
>0.3125V
> 0.625V
> 0.9375V
>1.25V
> 1.5625V
> 1.875V
>2.1875V
>2.5V
>2.8125V
> 3.125V
> 3.4375V
>3.75V
> 4.0625V
> 4.375V
> 4.6875V or greater

PlRr|Rr|P|P|P|+|R|o|o|o|o|o|o|o|o
PlR|kr|r|lo|lo|lo|o|r|r|rR|F|o|lo|o|o
rlkr|o|lo|lr|r|o|lo|r|r|o|lo|r|r|o|o
rlo|r|o|lr|o|r|o|r|o|lr|o|r|lo|r]|o

Note: The greater than symbol (>) is required since the lower six bits of the ADC
result are not shown using LEDs.

The solution for this project is located in the
C: \ PI CDEM Lab\ ADC Labs\ ADC Lab1\ sol uti on directory.
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5.2.4 Lab 2: Audible Temperature Sensor

5241 OVERVIEW

In this lab, the ADC peripheral on the PIC16F690 is used to alter the frequency of
Pulse-Width Modulated Waveform (PWM) in relation to the temperature sensed by a
thermistor connected to the input of the ADC peripheral. The PWM waveform is
generated by simply toggling the RCO voltage level high and low. The thermistor is used
to create a voltage divider in conjunction with a 1 kQ resistor to vary the voltage into
the ADC input. This thermistor is a Negative Temperature Coefficient type (NTC)
meaning that as the temperature of the device increases, the resistance effectively
decreases. The voltage drop across the thermistor is converted by the ADC and the
ADRESH result then used to manipulate a TMRO preload value (see GPIO Lab 3) that
will be used in the Ti mi ng() to vary the execution speed of the software control loop
and ultimately the frequency of the PWM waveform. The PWM will be connected to an
N-Channel MOSFET used to drive the 8Q speaker on the PICDEM Lab Development
Board. The schematic for this lab is shown in Figure 5-5.

FIGURE 5-5: SCHEMATIC FOR ADC LAB 2
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[
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1kQ R4
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Referring to the schematic in Figure 5-5, the RCO connects to the gate of the IRFD010
N-Channel MOSFET Q1. Resistor R4 pulls the gate input low ensuring the transistor
will remain OFF until a high voltage level is present on the RCO output. When the PWM
transitions high, Q1 is ON and current flows through the 8Q speaker. The 100Q R3
resistor is used to limit the current through the speaker to maintain manufacturer
specified power ratings. In this way, any change in temperature around the thermistor
will alter the frequency of the PWM, thereby changing the audible frequency emitted
from the speaker.

Oo(N[O|O AW N |—=

0000000000
0000000000
0000000000
0000000000

=
(=]
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The audible frequency range is between 20-20000Hz. Therefore, the Ti mi ng()
delays from a maximum of 4.096 mS (244.1 Hz) to a minimum of 1.536 mS (651 Hz).
These values are determined using the internal instruction clock (Fosc/4) as the TMRO
clock source with a prescaler of 1:16. Other values could easily be used as long as the
frequency of the PWM remains within the audible range.

The software flowchart for this lab is shown in Figure 5-6.

FIGURE 5-6: MAI N() SOFTWARE CONTROL LOOP FLOWCHART FOR
ADC LAB 2

Global variables initialized:

* 8-bit variable TMRO_pr el oad will be used to vary the
delay in Ti m ng() to alter the frequency of the
PWM output on RCO

Initialize()

v

—P»|CGet _I nput s()

Loop Forever +
Deci de()

v

Do_CQut put s()

v

Ti mi ng()

The Il nitialize() configures the peripherals as follows:

» Ports
- Clear PORTB.
- Configure pin 13 as an analog input (using TRISB4).
- Clear the PORTC register.
- Configure RCO pin as digital output.
» TimerO
- Select the Fosc/4 internal instruction clock as the Timer0 clock source.
- Increment TMRO on the low-to-high transition of FOsc/4.
- Assign the prescaler to Timer0O and configure at a rate of 1:16.
+ ADC
- Select ADC conversion clock FRC
Configure voltage reference using VDD.
Select channel 10 as the ADC input channel (Pin 13: RB4/AN10).
Select result format left justified (10-bit result in ADRESH<7:0> and
ADRESL<7:6>).
Turn on ADC module.
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Next, the Get _| nput s() performs an ADC on the voltage present on pin 13 using the
same code as Lab 1 with one minor change. This application is very dependent on the
timing of the software control loop. The 1mS delay used in Lab 1 to allow the hold
capacitor on the input of ADC to fully charge to the pin voltage is excessive. Using the
example given in Equation 9-1, Section 9 in the PIC16F690 Data Sheet as a reference,
the acquisition delay time is shortened to 8 uS which should be sufficient.

The Deci de() assigns the ADC result value, shifted three bit positions to the left, to
the TMRO_pr el oad variable.

The Do_CQut put s() assigns the current t oggl e bit value to RCO that will transition
the output accordingly.

Finally, the Ti ni ng() clears the TMRO overflow flag (TOIF), preloads the TMRO
register with the TMRO_pr el oad value subtracted from 255. The function then waits
until the TOIF is set high before returning to the mai n() . In this way, as the temperature
at the thermistor increases, as will the frequency of the PWM.

5242 PROCEDURE

Using the firmware developed in the previous lab, make the following changes:

1. Copy/paste the code in Example 5-8 into the top of the main firmware source file
under the heading labeled:
N T DATA MEMORY----------m----

Note: Be sure to paste over the code from the previous lab.

EXAMPLE 5-8: GLOBAL VARIABLES USE IN ADC LAB 2

unsi gned char LED Qutput = 0; //assigned to PORTC to I|ight
/I connect ed LEDs

bit toggle = 0;//Used to generate waveform on RC0

unsi gned char TMRO_preload = 0; //Varied by ADRESH to change
/] frequency of
/I wavef orm on RCO

2. Copy and paste the code in Example 5-9 over the I nitialize() code from
the previous lab:
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EXAMPLE 5-9: INITIALIZE CODE FOR ADC LAB 2
/] Configure Port:
PORTB = 0;
// Di sabl e pin output driver (See TRI'S register)
TRI SB4 = 1;

/] Configure RB4 as anal og pin as anal og
ANS10 = 1;

//Configure RCO, RCl, RC2 and RC3 as digital output
PORTC = 0;

TRI SCO = 0;

ANS4 = 0;

/1 Configure Timer0O as follows:

/1 Select the FOSC/ 4 internal instruction clock
/las the clock source for TMRO

TOCS = 0;

//1ncrement TMRO val ue on | owto-high transition
// of the FOSC 4

TOSE = 0;
/] Assign the prescaler to TMRO
PSA = 1;

//Configure the prescaler to increnent TMRO
//at a rate of 1:16

PSO = 1;
PS1 = 1;
PS2 = 0;

/1 Configure the ADC nodul e:
/] Sel ect ADC conversion clock Frc

ADCSO = 1;
ADCS1 = 1;
ADCS2 = 1;

/1 Configure vol tage reference using VDD
VCFG = 0;

/] Sel ect ADC i nput channel Pin 13 (RB4/AN10)

CHSO = 0;
CHS1 = 1;
CHS2 = 0;
CHS3 = 1;

1

/1Select result format left justified
ADFM = 0;

// Turn on ADC nodul e
ADON = 1;

3. Copy and paste the code in Example 5-10 over the Get | nput s() code from
the previous lab:
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EXAMPLE 5-10: GET_I NPUTS() CODE FOR ADC LAB 2
unsi gned char counter = 2;

// G ve ADC hol d capacitor time to charge
/1 This works out to approximtely 8uS
whi |l e(--counter > 0);

//Start conversion by setting the GO DONE bit.
GODONE = 1;

//Wait for ADC conversion to conplete
/1 Polling the GO DONE bit

/1 0 = ADC conpl eted

/1 1 = ADC in progress

whi | e( GODONE == 1);

4. Copy and paste the code in Example 5-11 over the Deci de() code from the
previous lab:

EXAMPLE 5-11: DECI DE() CODE FOR ADC LAB 2

[1Shift the ADRESH result to the left
/1by three bit positions and assignh to
[/ TMRO_pr el oad

TMRO_prel oad = ADRESH<<3;

// XOR the toggle value with 1
toggle *= 1;

5. Copy and paste the code in Example 5-12 over the Do_Qut put s() code from
the previous lab:

EXAMPLE 5-12:  DO_OUTPUTS() CODE FOR ADC LAB 2

/1 Assign the toggle value to RCO pin
RCO = toggl e;

6. Copy and paste the code in Example 5-13 into the Timing() section labeled:
//ADD TIMING CODE HERE

EXAMPLE 5-13: TIMING() CODE FOR ADC LAB 2
//Clear the TOIF
TOIF = 0O;

/1 Subtract the TMRO_prel oad val ue from 255 and
//then use to prel oad TMRO
TMRO = 255 — TMRO_pr el oad;

/[1Sit here and wait for TMRO to overflow while (TOIF == 0);
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7. Copy and paste the code in Example 5-14 over the mai n() code from the
previous lab:

EXAMPLE 5-14: MAI N() CODE FOR ADC LAB 2
Initialize(); //Initialize the relevant registers

whi | e(1)

{
Get _I nputs();
Deci de();
Do_Qut put s();
Timng();

}

8. Compile the project. There should be no errors.

5.2.43 TESTING THE APPLICATION

Program the PIC16F690. An audible tone should emit from the speaker. Pinching the
thermistor should introduce body heat to the component, thereby increasing the
frequency of the speaker output. Colder temperature sources applied to the thermistor
should reduce the speaker output frequency.

The solution for this project is located in the
C: \ PI CDEM Lab\ ADC Labs\ ADC Lab?2\ sol uti on directory.
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Chapter 6. PICDEM ™ Lab Motor Control

6.1 OVERVIEW

This chapter demonstrates the use of the motor included on the PICDEM™ Lab Board.
By using the correct output from the PIC16F690 chip and modifying the period and
pulse width of a PWM (square wave), it can be controlled how quickly the motor turns.

For this stage, the following items are needed:

+ PICDEM Lab Board

IRFD9020 P-channel MOSFET
* Resistors: 10 kQ and 330 Q

* Wires

PIC16F690 microcontroller

6.2 PROCEDURE

6.2.1 Motor Use and Programming

The motor and the resistors should be connected as shown in Figure 6-1, using pin 5
on the PIC16F690 microcontroller.

FIGURE 6-1: CONNECTION OF MOTOR AND RESISTORS
VDD
330 Q
P-Channel Pin 5
MOSFET (PIC16F690)
10 KQ

After opening the MPLAB X application, a new project can be created, with
Mot or PMW ¢ as the source file. Another option would be to copy and paste the source
code snippet in Example 6-1 into the MPLAB X application.
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EXAMPLE 6-1: SOURCE CODE SNIPPET

#i ncl ude <pic. h>

/'l #pragnma config statements shoul d precede project file includes.
/'l Use project enums instead of #define for ON and OFF.

/| CONFI G
#pragma config FOSC = EXTRCCLK // Oscillator Selection bits (RC oscillator: CLKOUT
function on RA4/ OSC2/ CLKQUT pin, RC on RA5/ OSC1/ CLKI N)

#pragma config WDTE = ON /1 Watchdog Timer Enable bit (WDT enabl ed)

#pragma config PWRTE = OFF /1 Power-up Tiner Enable bit (PWRT disabl ed)

#pragnma config MCLRE = ON /1 MCLR Pin Function Select bit (MCLR pin function is
MCLR)

#pragma config CP = OFF /1 Code Protection bit (Program menory code protection
i s disabl ed)

#pragma config CPD = OFF /1 Data Code Protection bit (Data nenory code
protection is disabled)

#pragma config BOREN = ON /1 Brown-out Reset Selection bits (BOR enabl ed)
#pragma config 1 ESO = ON /1 Internal External Sw tchover bit (Internal External
Swi t chover node is enabl ed)

#pragma config FCMEN = ON /1 Fail-Safe Cl ock Mnitor Enabled bit (Fail-Safe C ock

Monitor is enabl ed)

mai n()

{

OSCCON = 0b00101111; // Osc is set to 2 MHz

TRI SC = 0b00100000; /1 bit 5 =1 tenp disables PORTC RC5/ CCP1 on PI C16F690
PORTC = 0b00000000; /1 Cdear PortC port

PR2 = 124; /'l sets the period or PWM frequency to 4 kHz (0.25 ms)
T2CON = 0b00000100; /] sets postscaler and prescaler to 1

/1l These two registers deternine the pul se width (CCPRIL: CCP1CON<5S: 4>)

CCPRIL = 0b00111110;

CCP1CON = 0b00101111;

TRI SC = 0b00000000; /1 bit 5 =0 enable output PORTC TRI'S RC5/ CCP1 ECCP high

while(1);

}

6.2.2 PWM Period

The formula for the period of the pulse-width modulator (PWM) can be found in
“PIC16F631/677/685/687/689/690 Data Sheet 20-Pin Flash-Based, 8-Bit CMOS
Microcontrollers with nanoWatt Technology” (DS41262), Section 11.3.1. A part of this
section has been included below.

6.2.21 PWM PERIOD

The PWM period is specified by the PR2 register of Timer2. The PWM period can be
calculated using the formula in Equation 6-1.

EQUATION 6-1: PWM PERIOD

PWM Period = [(PR2)+ 1] e 4eTOSCe
(TMR2 Prescale Value)

Note: Tosc = 1/Fosc
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When TMR2 is equal to PR2, the following three events occur on the next increment cycle:
* TMR2 is cleared

» The CCP1 pin is set. (Exception: If the PWM duty cycle = 0%, the pin will not be set.)

* The PWM duty cycle is latched from CCPR1L into CCPR1H.

| Note:  The Timer2 postscaler is not used in the determination of the PWM frequency. I

EQUATION 6-2: PULSE WIDTH

Pulse Width = (CCPRIL:CCP1CON<5:4>) e
Tosc e (TMR2 Prescale Value)

EQUATION 6-3: DUTY CYCLE RATIO

(CCPRI1L:CCP1CON<5:4>)

Duty Cycle Ratio = APR2+ 1)

The CCPR1H register and a 2-bit internal latch are used to double buffer the PWM duty cycle.
The double buffering is essential for a glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated with either the 2-bit internal system clock (Fosc) or
with the two bits of the prescaler, to create the 10-bit time base. The system clock is used if the
Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPR1H and 2-bit latch, then the CCP1 pin is cleared.

As indicated in Example 6-1 that includes the code snippet, the oscillator frequency has been
set to 2 MHz. By setting PR2 to 124, the period set out is 4 kHz.

EQUATION 6-1: PWM PERIOD

— 1 _

PWM Period = [124+ 1] x4 x 5osisss x1 = 000255
_ L - 4000 Hz
00025

The duty cycle is set by a combination of the registers in CCPR1L and CCP1CON. It
uses all eight registers from CCPR1L and registers 4 and 5 from CCP1CON.

For example, in the beginning the duty cycle is 50% (half the period). Hence, the value
in the equation for pulse width needs to be 250. In binary, 250 is 11111010, the two
Least Significant bits go into registers 5 and 4 in CCP1CON, while the remaining bits
go into CCPR1L.

EQUATION 6-2:  50% DUTY CYCLE AND PULSE WIDTH

50% Duty Cycle: _Perzlod = — 2255 = .000125s
i 1
= 7?7 X — =
PulseWidth 7?7 x2000000 0.000125s

—.000125 x 2000000 = 250
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The remainder of CCPR1L is used to modify certain aspects of the PWM. In the code
snippet in Example 6-1 the CCPRL1 register has been set as:

“CCP1CON = 0b00O101111;”

Bits 7 — 6: 00 — Single Output

Bits 5 — 4: — — Least Significant bits for pulse width

Bits 3—0: 1111 — PWM mode; P1A, P1C active-low; P1B, P1D active-low

| Note: Active-low is used due to a PMOS transistor. I

To increase the motor speed, a 75% duty cycle can be implemented.

EQUATION 6-3: 75% DUTY CYCLE AND PULSE WIDTH MODULATOR
75% Duty Cycle: Period x0.75 = .00025 x0.75 = .0001875s

1

i = 77?7
Pulse Width XZOOOOOO

= 0.0001875s

—.0001875 x 2000000 = 375

In binary, 375is 0101110111. Therefore, 01011101 goes into CCPR1L and 11 goes
into registers 5 and 4 in CCP1CON. The remainder of CCP1CON needs to be left
unchanged.

After entering these values into the code snippet in the MPLAB X application, the
programming of the motor can start and this can be heard running at a faster speed.

The pulse width can also be changed to a different value by using the equations
provided for programming the motor.
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PICDEM™ LAB DEVELOPMENT
A. Schematic

Appendix
PICDEM™ LAB DEVELOPMENT KIT SCHEMATIC
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NOTES:

DS40001369C-page 102 © 2009-2015 Microchip Technology Inc.



MICROCHIP

Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Austin, TX
Tel: 512-257-3370

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit
Novi, MI
Tel: 248-848-4000

Houston, TX
Tel: 281-894-5983

Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608
New York, NY

Tel: 631-435-6000
San Jose, CA

Tel: 408-735-9110

Canada - Toronto
Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2943-5100
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Dongguan
Tel: 86-769-8702-9880

China - Hangzhou
Tel: 86-571-8792-8115
Fax: 86-571-8792-8116

China - Hong Kong SAR
Tel: 852-2943-5100

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470

China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

ASIA/PACIFIC

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-3019-1500

Japan - Osaka
Tel: 81-6-6152-7160
Fax: 81-6-6152-9310

Japan - Tokyo
Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771

Korea - Daegu

Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955

Taiwan - Kaohsiung
Tel: 886-7-213-7828
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Dusseldorf
Tel: 49-2129-3766400

Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Pforzheim
Tel: 49-7231-424750
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Venice

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Poland - Warsaw

Tel: 48-22-3325737
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham

Tel: 44-118-921-5800
Fax: 44-118-921-5820

01/27/15

© 2009-2015 Microchip Technology Inc.

DS40001369C-page 103


http://support.microchip.com
http://www.microchip.com

	Table of Contents
	Chapter 1. Overview
	1.1 Introduction
	1.2 Highlights
	1.3 PICDEM™ Lab Development Kit Contents
	1.4 PICDEM™ Lab Development Board Construction and Layout
	Figure 1-1: PICDEM™ Lab Development Board

	1.5 Target Power
	1.6 Connecting the PICkit™ 3 Programmer/Debugger
	Figure 1-2: Connecting the PICkit™ 3 Programmer/Debugger to an ICSP™ connector

	1.7 Solderless Prototyping Area Strip Configuration
	Figure 1-3: Solderless Prototyping Area Strip Configuration

	Chapter 2. Getting Started
	2.1 Introduction
	2.2 Prerequisites
	2.3 The Software Control Loop
	Figure 2-1: Main() Software Control Loop Flowchart for uSED iN lABS

	2.4 MPLAB® X IDE and XC Compiler Download Instructions
	Figure 2-2: Run .exe to Download File
	Figure 2-3: Complete The MPLAB® X IDE V2.30 Setup Wizard
	Figure 2-4: Run and Download .exe File

	2.5 Installing the Included Lab Files
	Chapter 3. General Purpose Input/Output Labs
	3.1 Introduction
	3.2 General Purpose Input/Output Labs
	3.3 GPIO Output Labs
	3.3.1 Reference Documentation
	3.3.2 Equipment Required for GPIO Output Labs
	3.3.3 PICDEM Lab Development Board Setup for GPIO Output Labs
	Figure 3-1: PICDEM Lab Schematic for GPIO Output Labs

	3.3.4 Lab 1: Light LEDs
	3.3.4.1 New Registers Used in This Lab
	3.3.4.2 Overview
	Figure 3-2: MAIN() Software Control Loop Flowchart for Lab 1

	3.3.4.3 Procedure
	Figure 3-3: New MPLAB IDE Project Selection
	Figure 3-4: Step one
	Figure 3-5: Device Selection
	Figure 3-6: Header Selection
	Figure 3-7: Tool Selection
	Figure 3-8: Compiler Selection
	Figure 3-9: Select Project Name and Folder
	Figure 3-10: Select Project Source
	Figure 3-11: Project Window
	Figure 3-12: ToolBar Buttons

	3.3.4.4 Testing the Application
	Figure 3-13: Lab 1 LED Output


	3.3.5 Lab 2: Flash LEDs (Delay Loop)
	3.3.5.1 Overview
	Figure 3-14: Main() Software Control Loop Flowchart for Lab 2
	Figure 3-15: Timing() Delay Routine Flowchart for Lab 2

	3.3.5.2 Procedure
	3.3.5.3 Testing the Application

	3.3.6 Lab 3: Simple Delays Using Timer0
	3.3.6.1 New Registers Used in This Lab
	3.3.6.2 Overview
	Equation 3-1: TMR0 Overflow Period using FOSC/4
	Equation 3-2: TMR0 Overflow Period when including the Prescaler
	Equation 3-3: Calculating a TMR0 PreLoad Value to generate a 10mS Overflow Period
	Figure 3-16: Delay_10mS() using Timer0
	Equation 3-4: Maximum TMR0 Overflow Period
	Figure 3-17: Delay_1S() using Timer0

	3.3.6.3 Procedure
	3.3.6.4 Testing the Application

	3.3.7 Lab 4: Rotate LEDs
	3.3.7.1 Overview
	Figure 3-18: Main() Software Control Loop Flowchart for Lab 4
	Figure 3-19: Decide() Flowchart for Lab 4
	Figure 3-20: Results of Do_Output()

	3.3.7.2 Procedure
	3.3.7.3 Testing the Application


	3.4 GPIO Input Labs
	3.4.1 Reference Documentation
	3.4.2 Equipment Required for GPIO Input Labs
	3.4.3 PICDEM Lab Development Board Setup for GPIO Input Labs
	Figure 3-21: PICDEM Lab Schematic for GPIO Input Labs

	3.4.4 Lab 5: Adding a Push Button
	3.4.4.1 New Registers Used in This Lab
	3.4.4.2 Overview
	Figure 3-22: Main() Software Control Loop Flowchart for Lab 5
	Figure 3-23: Get_Inputs() Software Flowchart for Lab 5
	Figure 3-24: Delay_5mS() Software Flowchart for Lab 5
	Figure 3-25: Decide() Software FlowChart for Lab 5

	3.4.4.3 Procedure
	3.4.4.4 Testing the Application

	3.4.5 Lab 6: Push Button Interrupt
	3.4.5.1 New Registers Used in This Lab
	3.4.5.2 Overview
	Figure 3-26: Main() Software Control Loop Flowchart for GPIO Lab 6
	Figure 3-27: pb_pressISR() for Lab 6 Showing Switch Debounce

	3.4.5.3 Procedure
	3.4.5.4 Testing the Application

	3.4.6 Lab 7: Push Button Interrupt-on-Change
	3.4.6.1 New Registers Used in This Lab
	3.4.6.2 Overview
	Figure 3-28: pb_pressisr Flowchart for Lab 7

	3.4.6.3 Procedure
	3.4.6.4 Testing the Application

	3.4.7 Lab 8: Using Weak Pull-Ups
	3.4.7.1 New Registers Used in This Lab
	3.4.7.2 Overview
	3.4.7.3 Procedure
	3.4.7.4 Testing the Application


	Chapter 4. Comparator Peripheral Labs
	4.1 Introduction
	4.2 Comparator Labs
	4.2.1 Reference Documentation
	4.2.2 Comparator Labs
	4.2.3 Equipment Required
	4.2.4 Lab 1: Simple Compare
	4.2.4.1 New Registers Used in This Lab
	4.2.4.2 Overview
	Figure 4-1: Schematic for Comparator Lab 1
	Figure 4-2: Main() software Control Loop Flowchart for Comparator Lab 1

	4.2.4.3 Procedure
	4.2.4.4 Testing the Application

	4.2.5 Lab 2: Using the Comparator Voltage Reference
	4.2.5.1 New Registers Used in This Lab
	4.2.5.2 Overview
	Equation 4-1: CVref Output Voltage
	Equation 4-2: Calculating a 2.5V Internal Reference (Low-Range Method)
	Figure 4-3: Schematic for Comparator Lab 2

	4.2.5.3 Procedure
	4.2.5.4 Testing the Application

	4.2.6 Lab 3: Higher Resolution Sensor Readings Using a Single Comparator
	4.2.6.1 New Registers Used in This Lab
	4.2.6.2 Overview
	Figure 4-4: Basic Relaxation Oscillator Circuit
	Figure 4-5: Schematic for Comparator Lab 3
	Figure 4-6: Main() software Control Loop Flowchart for Comparator Lab 3
	Figure 4-7: TMR0_ISR Flowchart for Comparator Lab 3

	4.2.6.3 Procedure
	4.2.6.4 Testing the Application


	Chapter 5. Analog-to-Digital Converter Peripheral Labs
	5.1 Introduction
	5.2 ADC Labs
	5.2.1 Reference Documentation
	5.2.2 Equipment Required
	5.2.3 Lab 1: Simple ADC
	5.2.3.1 New Registers Used in This Lab
	5.2.3.2 Overview
	Figure 5-1: Schematic for ADC Lab 1
	Figure 5-2: Main() software Control Loop Flowchart for Comparator Lab 1
	Figure 5-3: Main() software Control Loop Flowchart for Comparator Lab 1

	5.2.3.3 Procedure
	5.2.3.4 Testing the Application
	Figure 5-4: ADC Result Bit Significance
	Table 5-1: Corresponding Voltage on Pin 13 related to Lit LEDs (1 = LED ON, 0 = LED OFF)


	5.2.4 Lab 2: Audible Temperature Sensor
	5.2.4.1 Overview
	Figure 5-5: Schematic for ADC Lab 2
	Figure 5-6: Main() software Control Loop Flowchart for ADC Lab 2

	5.2.4.2 Procedure
	5.2.4.3 Testing the Application


	Chapter 6. PICDEM™ Lab Motor Control
	6.1 Overview
	6.2 Procedure
	6.2.1 Motor Use and Programming
	Figure 6-1: Connection of Motor and Resistors

	6.2.2 PWM Period
	6.2.2.1 PWM Period
	Equation 6-1: PWM Period
	Equation 6-2: 50% Duty Cycle and Pulse Width
	Equation 6-3: 75% Duty Cycle and Pulse Width Modulator



	Appendix A. Schematic
	A.1 PICDEM™ Lab Development Kit Schematic
	Worldwide Sales

