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When you walk out of here today
you will know...

e Why designing a PIC® microcontroller into a
mechanical system is beneficial to you

e How easy It Is to get started with Microchip
and PIC® microcontrollers

e How to use Microchip’s low-cost tools to
change, adapt and add features to a design

e How to perform basic mechatronic tasks
using a PIC® microcontroller
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Agenda

e Introduction to Microchip Technology Inc.
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Microchip Technology Inc.

e Leading semiconductor manufacturer:

- of high-performance, field-programmable, 8-bit &
16-bit RISC Microcontrollers

- of Analog & Interface products
- of related Memory products
- for high-volume Embedded Control applications

e $847M in net sales in FY05
e More than 3,800 employees
e #1 Unit shipments of 8-bit Microcontrollers*

* Gartner Dataquest, 2003 Microcontroller Market Share & Unit Shipments, Tom Starnes, June 2003.
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Microchip Delivers Solutions

_ow-risk product development

_ower total system cost

—aster time to market

Dependable delivery

High-quality devices

e Outstanding support through all phases
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The PIC® Microcontroller Family

dsPIC®
Digital Signal Controller (DSC)
128 30 MIPs, Up to 48k
Instructions, 18-84 pins
o 64
g
=321
@ High Performance
= 16 10 MIPs, Up to 64k
S Instructions, 18-84 pins
£ 8 .
O Mid-Range
= 4 5 MIPs, Up to 8k
Instructions, 8-64 pins
2 Baseline
1 5 MIPs, up to 2k
Instructions, 6-40 pins

o
»

6 8 14 18 28 40 64 84
Pins
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Migration between Different Products
Example: Mid-Range Parts

e Pin Compatible o <
. . A Vo 0 Vss
within specific -
pinouts RA5 © RAO
RA4 RAL
e Code Compatible RA3 .
e Peripheral RC5 RCO
Consistency RCA RC1
Seamless Migration Re2
RC6 RB4
across more than o .
200 Products
RB7 RB6
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Complete Signal Chain Solutions
from Microchip

Digital
Pot B
PIC®
microcontroller

e Performance: Low Power, High Precision
@ Low Cost: System Cost, Low Component count
e Size: Small Packaging — SC70, SOT23, DFN
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Analog & Interface Products

L] L
Thermal Power Mixed Interface
Management Management Signal Products

SAR/Delta-Sigma
A/D Converters

Temperature

Linear Regulators
Sensors

CAN Peripherals

Fan Speed Controllers Switching Dual Slope A/D infrared Perinherals
Fan Fault Detectors Regulators/Controllers Converters P
Charge Pump Display A/D :
DC/DC Converters Converters LIl ranscalvers
: Voltage System : :
Linear References D/A Converters Serial Peripherals

Products V/F and F/V

Converters

CPU/System
Supervisors

Voltage Detectors Digital Potentiometers

Comparators

Linear Integrated
Devices

Programmable Gain Battery Management

Amplifiers

PWM Controller
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Overview of Memory Products

Wide
Operating High Density
Voltage 128 — 1 Mbits
1.8V - 5.5V

Microchip
Serial
Supports EEPROM Small

Major Busses Packaging
Microwire, Products DEN, SOT-23
|2C™, TSSOP,

High
Endurance
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Proven Quality Record across all
Product Families

A SYILHE RN AN

PREFERRED SUPPLIER
AWARD

e |ISO9001 Certification
e QS9000 Certification
e Quality Awards from

-

numerous Fortune 100
customers

e PPM levels consistently o
below 10 R e
e Field Failures for W o | S @
PIC® microcontrollers
virtually non-existent

DET MORSKE VERITAS
QUALITY 5YSTEM CERTIFICATE

= (A prrw——

5 i -\.;.-:?
. M*fgv = e -
D e o == 1
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Agenda

e Introduction to Microchip
e Mechatronics examples and benefits«

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Mechatronics Is:

e Implementing electronic controls in a
mechanical system

e® Enhancing existing mechanical designs with
Intelligent controls

e Replacing mechanical components with an
electronic solution

A perfect system for a PIC®
microcontroller!!

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 14



Example 1: Flashlight Switch

e Traditional Flashlight: On or Off
e Hybrid Flashlights: Mode selector

LEDs

O

»
O O

Xenon Bulb
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Push Button/ PIC® Microcontrolﬂ_; O LED

Tactile Switch

Modes:
e Xenon bulb on e Strobe LEDs
e LEDs on (dim) e Flashlight off

e LEDs on (bright)
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Switch Comparison

Mechanical Intelligent

Hybrid Control No Yes
Current Control No Yes
Programmable No Yes
_ow Battery NO Yes
Detect

Strobe Capable No Yes
Adaptable NO! YES!
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e SOT-23 package
® 6 pins:
- 3 Input/Output pins
- 1 Input only
- 1 Power, 1 Ground

e 4 MHz internal oscillator
- * 2% accuracy over voltage and

temperature
® one analog comparator Actual Size
- internal voltage reference \
e Ultra-low sleep current &
e 3-bit timer ’

® 2V to 5V operating range
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Example 2:
Household Thermostat
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Example Application:

hermostat
Desired _
Temperature Dial Current
\ I Temperature
To Heating
Unit
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Example Application:

hermostat
Desired
Temperature Current
\ Temperature
Sensor/Switch
To Heating
Unit
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Sy User Feedback

70

60

User Feedback

50

40

User Input

Temperature
Sensor

Switch to
turn on Heater
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Conversion to Mechatronic Design

User Feedback m m User Input

Tactile Switches

Temperature Control

Sensor

-

Small IC

PIC® Microcontroller

* Switch to
turn on Heater * Power
MOSFET

Regulator
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Finished Design

Current Desired
Temperature Temperature

E 70°F
(2] (1]

e Higher resolution and accuracy
@ Reduces household heating costs
e Self calibrating

e Flexible Design

e Environmentally Friendly
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Possible Solution: PIC16F917

PIC16F917
10-Dbit
ADC FLASH EEPROM
LCD 2CT™M
Module CCPs |1-.C™/SSP
Inte_rnal AUSART Comp-
Oscillator arators
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Temperature Sensing Options
from Microchip

Temperature

Sensors

Logic Output Voltage Output

Serial Output

m 1C6501/2/3/4 TC1046

m 1C620/1/2/3/4 TC1047/47A

TC/74 TC72

[

MCP9700/1

TCN75/75A —

MCP9800/1/2/3

MCP9805

([T}
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Temperature Sensing Options
from Microchip

Temperature
Sensors

Voltage Output

TC1046

‘ TC1047/47A .

MCP9700/1

Logic Output Serial Output

m 1C6501/2/3/4

m 1C620/1/2/3/4

TC/74 TC72

E
1!

TCN75/75A —

MCP9800/1/2/3

MCP9805
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Linear Output
TC1l04/7A Temperature Sensor

® Linear Slope 2
- 10 mv/°C =
® -40 to 125°C y
Temperature z |
Range S
e 2°C Accurate £
e Low Current y
Consumption Ny ///
. Sma” PaCkage O-40 -20 E) 2‘0 4‘0 6‘0 8‘0 1(50 léO
- SOT-23 Temperature (deg C)
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Example 3:
Washing Machine

&

< User interface

Sensors (door closed,
water level, balance
sensor)

AC Induction Motor
Control
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User Interface Improvements

4

® Use standard dials and knobs
® Same knobs used on different models

@ Reprogramming microcontroller gives
knobs different functionality

e Switches less prone to wear compared to
mechanical washing machine

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 30



Benefits of Modern Sensors

e Turbidity sensor*: How much dirt is in the water?
e Door position sensor**; Is the door ajar?

e Balance sensor**: Is the machine unbalanced?
e Water Level sensor*: Determined by size of load.

Benefits:

* More efficient washing
- Energy efficient
- Water efficient

** Make washing safer (for people and the machine)
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AC Induction Motor Control

Benefits to Microcontroller-based speed
control:

e Smaller motor

e Standardized motor

e Higher efficiency

e Consistency over varying load conditions

® Precision speed-control (more speeds
possible)
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Possible Solution: PIC18F4431

e PWM Output: 8 independent channels
- Up to 14-bit resolution
- Edge and center-aligned
- Programmable dead-time

e 3-ch Quadrature Encoder Interface
e 10-bit High-Speed A/D Converter

Created from the ground up
for precision motor control!
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Microchip MOSFET Driver
olutions

Power MOSFET Drivers

TC1410/N
single
1A Peak Output
TC1411/N
single
1.2A Peak Output
TC1426/7/8
dual
TC4467/8/9
o[SETe

0.5A Peak Output @ 1.5A Peak Output

2A Peak Output 6A Peak Output
single single

floating load
TCAG26/T 3A Peak Output 9A Peak Output
voltage boost TC1413/N TC4421/2

single single

TC4431/2
30V high/low

TC4423/4/5
dual

TC4x6/7/8
Enhanced

matched dela
TC4404/5
split out, open drain
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Mechatronics Review

® Mechatronics Is

e \What are the benefits to mechatronics?
- How does the consumer benefit?

- How does the manufacturer benefit?
e What Is the world’s smallest microcontroller?

e What microcontroller can directly drive a
LCD?
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Agenda

e Introduction to Microchip
@ Mechatronics examples and benefits

e PIC® Microcontroller Basics «
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Objectives of PIC® Microcontroller
Basics

We will learn how to:
e Create code

e Compile

e Test and debug

e Use MPLAB® Integrated Development
Environment (IDE)

... all with a focus on learning about PIC microcontroller
architecture and terms
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What is MPLAB® IDE?

e MPLAB® IDE is the name of Microchip’s free
Integrated Development Environment

e Software that runs on your PC

e Complete development environment for your

embedded system

@ Our basic tool for the rest of this class
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Embedded Software Design

Cycle
Build Code |
Run Code
Write Code
Debug Code

=
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Agenda

e Introduction to Microchip
@ Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Architecture: Overview

Program Data
Memory Memory

Input /
Output
Ports

Special
Features
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Architecture: Overview

| =~
Program I Data
Memory : Memory

Special /O
Features Ports
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Hard
Drive

Program
Memory

e 14 bits wide
e 8192 words
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Architecture: PIC16F917

Data
Memory

e 8 bhits wide

e 512 bytes
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Hands-on with MPLAB®IDE

MPLAB IDE
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Configure — Select Device

Tools \Configure Window Help

Configuration Bits... Eg

External Memory., ..
ID Memory...

Settings...
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—Microchip Programmer Tool Support

@ FPICSTART Plus 3 MPLAB ICD 2

(3 PROMATE I @ PICkit1
) MPLAB PM3
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Program Memory View

A MPLAB IDE v7.10
File Edit ‘ View Project Debugger

Project
Output

Toolbars

1 Disassembly Listing
2 Hardware Stack

3 Program Memory
4 File Reqisters k
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Program Memory View

I Program Memory

| Line | address | Opcode
5156 1FFQ9 JFFF
5157 1FFA JFFF
5158 1FFE JFFF
5159 1FFC JFFF
=120 1FFD JFFF
2191 1FFE JFFF

1FFF

Hpcode Hes ” M achine Symhnlicl
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Hexadecimal to Binary

Ioixd

Edit Wiew Help

3FFF
% Hex ¢ Dec € Oct ¢ Bin || Oword ¢ Dword © Wword Buyte

(B e [l

Edit “iew Help

Sta 11111111111111
A (" Hex © Dec ¢ Oct  Bin * Qword O Dword O Wword O Byte
SLm [ Inv [~ Hyp I r Backzpace CE ‘ C
Z Sta F-E [ ] L ! 8 3 ! Mod | And
[ at Le dmz | Exp Ik t R 4 5 = : Qr S0
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Data Memory (File) View

A MPLAB IDE v7.10

File Edit | view Project Debugg

Projeckt
Outpuk

Toolbars

1 Disassembly Listing
2 Hardware Stack
3 Program Memory

S EEPROM ‘ g
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Data Memory (File) View

_iofx
hasces]sex[pecimel] pinery _

0oooooao
00000000

00000000

Qooooooo
00000000
Q0000000

00000000 v’
Hex E@mmﬁﬂi 8 bits

O 000000
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oo

000z 0

0003 15 STATIS
0004 23 FSE
0005 0 PORTL
alulu] 0 PORTE
alulule 0 \PEJRTC

000E alu roRTD / |

Hex ” Symbolic \/
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Separate Program & Data

Program Data
Memory Memory

e Program and Data memory
are separate entities

e Why separate?
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Cycle #1: What Did | Learn?

e | learned how to select my target device

e Program memoryis _ bitsby  words
e Data memoryis  bitsby  words
e A “file” register Is just another name for

e Program and data memory are separate

e Certain file registers are “special function”
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Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Architecture: Overview

Program Data
Memory Memory

Special /O

Features Ports
| |
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Architecture: W Register

e W register Is an
8-bit temporary
working register

Special | @ W reqister Is
Features|  sed in many
Instructions
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Hands-on with MPLAB®IDE

MPLAB IDE

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 59



MPLAB® Simulator

I:‘Debugger Programmer Tools Configure W

Select Tool 4 v MNone

Clear Memory » 1 MPLAB ICD 2
2 MPLAB ICE 40600

4 MPLAB ICE 2000 i !
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Creating My First Program

e Clickon File — New

@ Enter the four lines of code below:

BB Untitled™

addliw 1
movwt 0x20
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Creating Your First Program

e Clickon File — Save As..

c:\hl_asm

e Project — Quickbuirld hl.asm

e Look in the Output Window for
“BUILD SUCCEEDED”
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Running Your First Program

TR R e

MPLAE SIM | PIC16F917 |:| c:0 W

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box




Adding a Watch Window

oick on View — Watch
T .o
I | [
Value
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Cycle #2: What Did | Learn?

e W Regqister

e Create a .asm file

e Quickbuild

e MPLAB® SIM — step, animate
e Watch window

e Status bar

e Three Instructions

® One assembler directive

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 65



Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Architecture: Overview

Program Data
Memory Memory

Special /O
Features Ports
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/O Ports: PORTA Register

i PORTA 0x05 i
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/O Ports: PORTA Register

I |
I |
I |
: |
I |
I |
' :
|
! 1 0000111 :
|
| |
I |
I |
I |
I |
I |

e e e e e e e o o o= ol

5V
oV R ——
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/O Ports: TRISA Register

TRISA 0x85

SRR

— s s e o S e e e B B EEn Ban Ean EEm EEe B EEm BEe Sae Ban Eae B S SEm Bae Bae Eae B e e Eee mem e s sl

RAY < > RAO
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/O Ports: TRISA Register

00010110

B

— s s e o S e e e B B EEn Ban Ean EEm EEe B EEm BEe Sae Ban Eae B S SEm Bae Bae Eae B e e Eee mem e s sl

RAY < > RAO
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/O Ports: Port D

e PORTD: 8-bit I/O port
e PORTD is actually data memory 0x08
e TRISD: 8-Dbit direction control register

e TRISD is actually data memory 0x88
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Hands-on with MPLAB®IDE

MPLAB IDE
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Code — Round 3

e Change your code to

moviw b?00000000”
movwf 0Ox08

moviw b*11111111°
movwf 0Ox08

goto O

e Quickbuild

e Change the Watch address to 8
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Stepping Through the Code

e DoaWindow — Tile Horizontally

e Use F7 to Single-Step through the code

moviw b?00000000~
movwt 0x08

movliw b?11111111"
T

S

ovwf 0Ox08
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PORTD Direction Control

e Add TRISD (0x88) to your Watch
e PORTD is all inputs!

e Set TRISD to all outputs (zeros)
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TRISD - Direction Control

e Add this line to the top of your code

clrf Ox88 :; clear TRISD

e Build, single-step

e Can you see TRISD being cleared?
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Why doesn’t TRISD clear?

Let’s revisit data memory...
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Architecture: Overview

Program Data
Memory Memory

Special /O
Features Ports
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Accessing Data Memory

Data
Memory

clrf Ox88
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Architecture: Data Memory

Data
Memory

Address

clrf Ox88
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Architecture: Data Memory

_ 2
3<0:5> —— Data
Address Memory

clrf b”10001000”
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Architecture: Data Memory

01 10 11
Bank O Bank 1 Bank 2 Bank 3
O-7/F 80-FF 100-17F 180-1FF
DO0XOOXXXXX] [OLXOOXXXXXX] [LOXXXXXXX] |1 IXXXXXXX

© 2005 Microchip Technology Incorporated. All

Rights Reserved.
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Architecture: Data Memory

00 01 10 11
]
38
Bank O Bank 1 Bank 2 Bank 3
O-7/F 80-FF 100-17F 180-1FF
DO0XOOXXXXX] [OLXOOXXXXXX] [LOXXXXXXX] |1 IXXXXXXX

© 2005 Microchip Technology Incorporated. All

Rights Reserved.

Mechatronics Work

shop-in-a-Box
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Architecture: Bank 1 Select

00 01

bst 3,5
Bank O Bank 1

O-7/F 80-FF
OO0XOOXXXX] [OLXXXXXXX
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Architecture: TRISD

00 01

88 bsf 3.5

Bank O Bank 1
0-7F 80-FF clrf Ox88

OO0XXXXXXX] [0 XXXXXXX

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 86



Architecture: Bank O Select

00 01

8k k bsf 3.5
Bank O Bank 1
0.7F 30-EF clrf Ox88

00XXOXXXXX] [0 LXXOOKKX P7°7°?
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TRISD - Direction Control

e Our final code

bst 3,5

clrf 0Ox88

bct 3,5

moviw b”?00000000”
movwf Ox08

movliw b*11111111"
movwt Ox08
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Symbol Name and File Register
Correlation

include <pl6f917.1nc>

bst 3,5 bst STATUS,RPO

clrf 8 clrf TRISD

bct 3,5 bct STATUS,RPO
Loop

moviw O moviw O

movwf 8 movwf PORTD

moviw OXTf moviw OXTT

movwt 8 movwf PORTD

goto 3 goto Loop
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Cycle #3: What Did | Learn?

e PORTX Registers

e TRISX Reqisters

e Banking

e STATUS register, bits RP0 & RP1

e Symbol name and number correlation
e Four instructions

® One assembler directive
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Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Architecture: Overview

Program Data
Memory Memory

Special I—I/O

Features | Ports
Lo
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Introduction to the
PICDEM™ Mechatronics B

PICDEM™ Mechatronics
<

0@ D1 D2 D3 D4 DS D6 D7

(0

a

[TELEL]
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1 I b e 1T

Connect the Hardware

D e b I d

Dia 0 02 D3 D4 DS DE DS

L

[RE3/MCLR

1= HAR S ANEA
GE— Hl ] SN
024 RAZACOMZ

RAZSANS
R4

RAS /AN
REB/SEGZ
RE1/SEG22 .
REZ/SEGZI

TEMP
LIGHT

[RC3/SEGE |

ot

SW2 [RDB/COMS |
SW3 < RD1 ®

~ Tl
PRepASPCLE

fRES/COM1_|
W RE4/COME
[RB3/SEGS
[RB2/SEG2
[RB1/SEGT
RBO/SEGO

WO
W55

I
)

RO7
ROE
RO5
RO

RC7/RX_
RCE/TX
RC5/CCP1
RC4/SEG11]

[RD3/SEG18
RD2/CCP2

S JB

5]
m2

uz

J3
raraF .
—d
Conmect far

Full Bridge
Ro@

| [

R41

-

I s

[

.
_
|

I
(Tl
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-
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Connecting the ICD 2 and Power
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Introduction to the MPLAB® ICD 2

e MPLAB ICD 2 is an In-circuit Debugger and
Programmer
e Debug mode:

- Find out why your program isn’t doing what you
expect it to do

- Look at the data memory
- Step through the code
- Set break points

e Program mode:
- Program a device
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Hands-on with MPLAB®IDE

MPLAB IDE
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Project Wizard., .,

Mew, .,
Qpen...
Close

et Ackive Project
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Creating a Project Continued

@ Select the PIC16F917, click Next

e® Choose the Microchip MPASM™ Toolsuite,
click Next

e Create a project name of “test”

e Save in C:\, click Next

e Add hl.asm to the project, click Next
e Click Finish
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Save Workspace As

Save Workspace

Save in: I age Local Disk [C:)

My Becent
Documents

|‘®

Dezkto p

Y

by Documentz

o f
by Computer

“

= o2 E

2 x|

ADOBEAPP
BAAM
_ustamer Projects

I MotesSoL
[ﬁnrant

\_)Program Files

Documents and Settings  [C0) ProMSyEs

Cowenload I.J)quarantine

HT-PIC e Shared

Lokus Citemp

MASTERs I TestStand

MATLABERS IC)unzipped

Mechatronics I wei's Stuff

Mechatronics \WIE [E]WINDDWS

\M30OCache IC1WUTemp

My Downloads

e Save the Workspace

e as “test” in C:\
File: name: best rcw s Save
Save as type: MPLAB ‘“Warkspace Files [*.mow) | Cancel
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Opening Source Files

[I=r™ _ioix| e The project window

= IZI:ESII .mcp _COnta|nS the S_OUI‘CE_

3 Source Fles iInclude, and linker files

A5 . .

-~ Header Files e Double-click on the file

- ChlectPles names to open (or focus

 Linker Sarpts on) the desired file

v other Fles e Right-click on “Source
~1les” to add source files

e Remove files by right-

clicking on them and

choosing “Remove”
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e ICD 2 Setup

e Debugger - Select Tool - 1 MPLAB ICD-2
e Debugger - Connect
e Configuration - Configuration Bits...

ﬂCategDry iSEtting

Dscillator INTOSC

Watchdog Timer Off

Power Up Timer 1

MCLE Pin Function Select Mormal Function

Code Protect Off

Data EE Fead Protect off

Erown Out Detect BEOD Enabhled, SEBEOQDEN Di=
Internal-External Switch Ower Enabled

Fail Clock Monitor Enahle Enabhled
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Cycle #4: Write the Source Code

include <pl6f917.1nc>

bsT STATUS,RPO

clrf TRISD

osT TRISA,4

ocT STATUS,RPO
Loop

btfsc PORTA, 4
goto _0oop
inct PORTD, T
goto _00op
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Building and Programming

e In a project the build command is F10.
(Do this now!)

@ Once the source code is built it must be
programmed into the PIC16F917

e To program a device click on:

O e |
You must build and program after
every change to your source code!
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Watching the Source Run

e Create a Watch window

e Watch “PORTD” and “PORTA”
@ Click the Animate button

e \What happens when you press SW2?
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Cycle #4: What Did | Learn?

e Set up the PICDEM™ Mechatronics
Board

e Configured the MPLAB ICD 2

e Created a Project

e Saved a Workspace

e Built a project

e Programmed the PIC16F917

e Ran code using the MPLAB ICD 2
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Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs «

- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Lab Introduction

e Problem: Management wants you to design
a cooling fan for an electronics bay in the
new Mars Rover
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Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs

- Simple I/O and Timer O m

- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Lab 1: Design Objectives

@ Read the state of a thermal breaker
e Turn on the fan when the breaker trips

e When the breaker resets, wait 2 seconds,
then turn off fan

Thermal Breaker
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Lab 1: Hardware

e We will use a tactile switch on the board to
simulate the thermal breaker

e The Brushed DC motor will substitute for the
fan

e For the PIC16F917 .. .. well we'll use that!
O

I

Tactile Switch PIC16E917 Brushed DC motor

SW2
1l
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Lab 1: Schematic

+5V
R1 Motor
.
o o RA4
SW2 i MOSFET

1 RD7 N2

PIC16F917
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J13

RA4,SW2

L)

TEMP

J11

"

J18
| a ‘
kA HIR
maisan  Hi @ rE5/CoMn :
-. i RE+-COME a2 1 L]
raxans  Hi
Rkd L
L | [
rea-sEG21 HI [

Ya| Connest fo
RE1SEGIZH a 9| | '__u'l""mdgn
EEXEETE r
DD i $ d
VS5 il & i
ra7eT105 H [
raBT10S0HER [ RS
rcaLCD1 Hip [ ““
rC1ALCoz [
[ 1
rodsoens Hp R4 ASECT 1 .
onnact for
roa-cona Hib i [ roassecia] Full Bridge
RO L @ RozTCRZ He =se
- MR+
voo[ill 17 ] cPTICAL INTE
ras/oLKINg
Rt eLoUTi 116 i ] saox enr
RAZFANZAG OUT
ResS/oePT P 1 Al B FCRAANAAEAN+ 115 i @] curRENT &2

Lab 1: Connection Diagram

RD/,D0O
i - RD/7,N2
Vdd,P1
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JP38: Center
and Right
using shunt

12
1 L1a

L | f
o2

ORIYE 2

25
E o
™14

P TP3 STERPER WOTOR
°° 9
YOO GHO

ez—a1828—-rR1H
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Timer O

@ 3-bit timer

e It continuously runs

e Overflow flag: INTCON,TOIF

Example:
Timer O INTCON,TOIF
11111110 0
11111111 0
00000000 1




Timer O Prescaler

e Timer 0 normally counts at the rate
Instructions are executed

e Timer O can be scaled using a “prescaler”

e Timer O will count once every P Instructions,
where P Is the prescaler

e Prescaler: OPTION_ REG<2:0>
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Timer 0 Hands-On

include <pl6f917.i1nc>

Counter equ 0x20 _ .
Create In hl.asm in

Loop the ‘test’ workspace
btfss INTCON, TOIF

goto Loop

bcT INTCON, TOIF
inct Counter,T
goto Loop

end
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Set Animate Step Interval

noose Debugger — Select Tool - MPLAB SIM
noose Debugger — Settings
iIck on the Animation/Realtime Updates tab

nange the Animate Step Time to 10 ms

Ozc / Trace | Break Options | S5CL Options I
Lart] |0 Animation £ Realtime Lpdates | Lirnitations |

— Animate step time

|10 msecs
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Build and Watch

e Build the project by pressing F10

e Create a Watch Window

e Watch TMRO, OPTION REG, and Counter
e Enter “0” In the value for OPTION_REG

(The prescaler is now 1:2, Timer O will count
every 2 instructions)

e Choose Debugger — Animate
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Watch Window

‘ AddSFR|[TMRD | add Symbel| [_16F317

Lddres=zss I oyinkbol DName I Value I
aool THERO Ox50
a0sl OFTICN REG Ox00
aoz0 Counter OxOh

] ]

@ Enter values between 0 and 7 In
OPTION_ REG
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Relationship between Timer O and
Instruction Cycle time

OPTION_REG Instructions per Rollover
bits 0 - 2 one Timer O count (4MHz)

0 2 512 us

1 4 1.02 ms

2 8 2.05 ms

3 16 4.10 ms

4 32 8.20 ms

) 64 16.4 ms

§ 128 32.8 ms

! 256 65.5 ms
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Relationship between Timer O and
Instruction Cycle time

OPTION_REG Instructions per Rollover
bits 0 - 2 one Timer O count (4MHz)
0 2 512 us

1 4 1.02 ms

How many times must Timer O 2.05 ms
overflow with a prescaler of 1:256 [ 4.10 ms
before 2 seconds has passed? 8.20 ms

= o= 16.4 ms

6 128 32.8 ms

7 256 (65.5 ms>
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‘decfsz’ Instruction

clrf TMRO _
Enter this code after:

moviw .30 Counter equ 0x20
movwT Counter
Loop

btfss INTCON,TOIF
goto Loop

bcT INTCON,TOIF
decfsz Counter, T
goto Loop

end
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Setup the Simulator Processor
Frequency

e Debugger — Settings
e Click on the Osc/Trace Tab
e Set the Processor Frequency to 4 MHz

Simulator Settings 7| x|

lart1 10 | Animation / Realtime  Lpdates I Lirnitations I
Uzc / Trace | Break Options I S5CL Ophions I

— Processar Frequency
— Urks:
* tHz
IE! " KHz
" Hz
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The MPLAB Stopwatch

e Debugger — Stopwatch
e Build the Project

e Change the OPTION_REG value to “7” In
the watch window

e Run the simulator
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The MPLAB Stopwatch

=100 x|

Stopiwatch Tatal Simulated

Ihstruction |:_','I:|EE| I I 1966052
Ferg | Tme  [uSecs) | 0.000000 |1955naz.nnnnnn

Frocessor Frequency [ MHz | I A Q00000

¥ Clear Simulation Time On Beset
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Timer O Review

e Timer 0 iIs an - bit Timer.

e The prescaler for Timer 0 is in the
register.

@ Increasing the prescaler speeds up or
slows down Timer 0?

e The Instruction Is great for counting
down the number of Timer O overflows.
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Lab 1: Design Objectives Review

e Read the state of SW2 (Thermal Breaker)

\/o When SW2 is pressed turn on the brushed
DC motor (Fan)

\/o When SW?2 Is released, walt 2 seconds,
then turn off the motor
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Converting Design Objectives to
Program States

Initialize

!

\_
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Lab 1: Your Task

Initialize 1/0 and
TMRO

!

Motor Off,
Check for
Button
Pressed

\_

Motor On,
Check for
Button Not
Pressed

Walit 2
Seconds
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Turn off Motor | PORTD,7 =0 |<-

[ State 2 ]

State 1: Wait for Button Press
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State 2: Wait for Button Release

Turn on Motor | PORTD,7 =1 |<-

Is SW2

Released? No |o

PORTA4

[ State 3 ]
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State 3: Two Second Delay

® You just wrote this code!
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Lab 1: Implement a Solution

e Open the workspace in:

C:\Mechatronics WIB\Lab1l
e Open Labl.asm in the project folder

e All I/O ports and the OPTION_REG are
Initialized for you.

e Fill in the code for the three states under the

corresponc
® YOU must

Ing labels.
oress SW5 to enable the drive

circuit!
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Lab 1: Review

- Timer 0 (TMRO)
- OPTION_REG

® Tools
- Stopwatch
- Simulator: animate interval, processor frequency

@ Instructions
- decfsz

e Concepts
- Programming with states
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Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0

- Reading an analog sensor, LCD module @

- Controlling the speed of a motor
® Resources
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Lab 2: Design Objectives

@ Read an analog temperature sensor

e Turn on the fan when the temperature > 40°C
e Turn off the fan when the temperature <= 40°C
e Display the temperature

Temperature PIC16F917 E
Fan

Sensor
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Lab 2: Hardware

e A potentiometer on the board will be used to
produce the varied output voltage

e The Brushed DC motor will substitute for the
fan

e The LCD will be used to display the analog-
to-digital Converter output

POT1
o

Potentiometer LCD Brushed DC motor
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Lab 2: Schematic

+3V
Motor
i MOSFET

RD7 N2

PIC16F917
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Lab 2: Connection Diagram

L1
T J13
o - REASFWOR
RABAHR
REA1 /AN
RAMANS
& >

TEMP
LIGHT
L1
2
H.
L)L
Connact Tor
Full Brigge
MRs2
L |
17 @] cPTicaL INTE
1
116 i ] e enr
L1 W Rz ANz e OUT
L 1 1)
ResSoePT P Al i RCRAANS AEHN + 115 i @] cuRRENT &£
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Analog-To-Digital Converter

e Converts an analog voltage level into a

pinary number
Resolution: How many different readings are

possible
- 8-bit -> 2° -> 256 possible readings
- 10-bit -> 2V -> 1024 possible readings

Example: 8-bit resolution over 5 volts:

Voltage resolution = 5V/256 = 19.5 mV per count

© 200

5 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 141



ADC Registers

e ANSEL — Select analog input pins

e ADCON1 — Select the conversion clock

ADCONO»> Select analog channel, turn the

module on, do the conversion

e ADRESL - Low-byte of conversion value

High-byte of conversion value
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A/D Conversion Steps

1. Turn on the analog module
2. Set GO_DONE bit of ADCONO
3. Wait for GO_DONE bit to be cleared

4. Read A/D result in ADRESH
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ADC Hands-On

include <pl6f917.1nc>
bsT ADCONO, ADON Create in hl.asmin
LoopOuter the ‘test’ workspace
bst  ADCONO,GO_ DONE
Looplnner
btfsc ADCONO,GO DONE
goto Looplnner
movf ADRESH,w
goto LoopOuter
end
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Looking at the ADC module

e Select the MPLAB ICD 2 as the debugger
e Create a watch window

e Add ADRESH to the watch window

e Build the project

e Program the MPLAB ICD 2

e Click animate

What happens to ADRESH when you
turn POT1?
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ADC Module Review

e The analog to digital module converts an
Into a

e The register is used to turn the
module on and start an A-to-D conversion.

® The register contains the high
order bits of the ADC value.

e You must walit for the bit to clear
before reading the ADC value.
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Displaying Values on the LCD

e The LCD is driven directly from the LCD
module on-board the PIC16F917

e The LCD is a 32 digit display

@ Pins that are connected to the LCD are
iIndicated by a white box enclosing the pin
designation

e LCD functions are provided in linkable files
for your convenience
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Linking Files in a Project

e Linking Is used because:

- It Is convenient to break up lengthy code
Into more than one file

- It helps make code more portable from one
application to another

- It helps make code easy for others to use
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‘call’ Instruction

call TurnOnRA4
mov lw Ox78
movwT PORTD
goto Loop

TurnOnRA4

bsT PORTA, 4
return
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‘call’ Instruction

TurnOnRA4

bst
return

TurnOnRA4
Ox78
PORTD
Loop

PORTA, 4
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DisplayHex and DisplayDecimal
Functions

Example 1:

movilw OxFF h T I:I

call DisplayDecimal

Example 2:
movilw OxFF )=

call DisplayHex
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LCD Hands-on

e File — Open Workspace...
- ¢c:\Mechatronics WIB\Lab2\Lab2.mcw

@ The code from the last Hands-on Is
duplicated in the Lab2.asm file

e After the line:
movf ADRESH, W

Call one of the following:
DisplayDecimal or DisplayHex

e Build and animate the code using the ICD 2
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e Light Sensor  mm

- Move the jJumper wire
from POT1 to LIGHT

- Vary the light to the
light sensor

J13

e Temperature Sensor

- Try moving the same
wire to TEMP

- Breath heavily on the
temperature sensor

RELSFWOR

3]
R AANT
A A 5
R

Rt A4

=
-k

REBYSEGA

RE1 A SEG2Z]

REZSEQDY

KOO
Yoo
RAFFT10a]
R BAT1050

Red ALCDH

R ALEDE2

RC2 0]

RCASGERE

RME/COMA

R

Bl
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Comparing Two Numbers

e Recall these design objectives:

- Turn the motor (fan) on when the result of the
ADC (temperature) is greater than 40

- Turn off the motor when the result of the ADC iIs
equal to or less than 40

e This requires comparing two numbers

@ Solution: Use the ‘sublw’ instruction
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‘'sublw’ Instruction

e® Subtracts W from a literal and places the result in W
e Carry and Zero STATUS flags affected
Example: (Setpoint — Temp)
mov Iw Temp
sublw Setpoint

Relation Result | STATUS,Z |[STATUS,C
Setpoint > Temp + 0 1

Setpoint = Temp 0 1 1

Setpoint < Temp - 0 0
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‘'sublw’ Instruction

What Is the result of the following operation?

mov lw 4
sublw 5

|PIC16F917 poi0xES @Dc@
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Using ‘sublw’ for Greater Than

Problem:

You want to find out if the value In
ADRESH Is greater than 40.

Solution:
1. Move the value in ADRESH to W
2. Subtract W from .40

3. Check the Carry flag
If clear, then the value is greater than 40
If set, then the value is less than or equal to 40
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Lab 2 State Diagram

Read ADC

Compare
ADC Value
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Lab 2 State Diagram

Read ADC

Compare
ADC Value
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Lab 2: Implement a Solution

e Add to your existing code for Lab2

e Use “sublw” to test whether the ADC value is
40 or greater

e Check the STATUS,C flag
e If clear, turn on the motor

e If set, turn off the motor
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Lab 2 Review

- Analog to Digital Conversion Module
- LCD Module

e New Tools
- MPLAB Linker

e New Instructions
-call and return
- sublw

e New Concepts
- Comparing two numbers

© 2005 Microchip Technology Incorporated. All Rights Reserved. Mechatronics Workshop-in-a-Box Slide 161



Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module
- Controlling the speed of a motor

® Resources
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Lab 3: Design Objectives

e Read an analog temperature sensor

e Vary the speed of the fan in proportion to the
temperature reading

Temperature PIC16F917 E
Fan

Sensor
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Lab 3: Schematic

+5V

+5V

Motor

RD2

© MOSFET
\, N2

PIC16F917
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Lab 3: Connection Diagram
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Pulse Width Modulation

Pulse

-] width [~

J U UL

|<—Period—>|

Duty Cycle = Pulse Width

Period
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PWM and Average Voltage

A IS the area

Ve = Duty Cycle x Vp
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Frequency

Lower i i
Higher

20 Hz

Audible
Range

20 kHz
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PWM Hands-On

Experimenting with Duty Cycle
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PWM Hands-On

-~ - 1nclude <pl6f9l7.1nc>

osT
ocT
octT
PWMLoop
bsT
nop
nop

bcT
goto
end

STATUS, RPO
TRISD, 2 Create in hl.asm in

STATUS,RPO  the ‘test’ workspace

PORTD, 2 Copy these three
lines and paste

here 6 times

4/___J

PORTD, 2
PWMLoOP
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1 MPLAB ICD 2
2 MPLAE ICE 4000

Clear Memory

Run F9
Animate
Halt Fo
Stan Tnkn E7
27 bof PORTD, 2
_ & 0 nop
3. Set a Breakpoint at | jlz= nop
“goto PWMLOOP” 30 bof PORTD, 2
31 3 goto PWMLOOp
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Set Up the Logic Analyzer

1. Choose View - Simulator Logic Analyzer
2. Select “Add Signals”

3. Choose “RD2” in the available Signals Box
and click “Add =>"

4. Run the simulator (press F9)
5. Run again (press F9)
6. And again (press F9)
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Simulate using the Logic Analyzer

=101 |
|'Trigger Fosttion———— |'Trigger FC = |'Time Baze| Mode

Start* Centert End{ I M | Clear | Cyc = ISimpIe |f—‘u:||:| Signalsl
[+ & al&l o SR

RDZ
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Change the Duty Cycle

e Starting from the bottom change ‘bsf’

Instructions to ‘bcf’ one at a time
e Build the project and simulate between

changes

Do you see the change in duty cycle?
e Remove the breakpoint

e Switch to the IC
e Do the same ex

D 2 as the debugger
neriment as above

How does the motor behave to ‘bsf’ changes?
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PWM Review

e PWM stands for
e PWM signals have a fixed
e The duty cycle Is the ratio between

and

e The human ear can hear frequencies below
kHz.

o WhICh frequency IS hlgher (rlght or Ieft)’?
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Source Code Generated
PWM Drawbacks

Processor intensive
PWM Loop must be continually executed
_ittle time to accomplish other tasks

Possible Solutions:

1. Slow down the PWM

2. Decrease PWM resolution

3. Use MCU with PWM peripheral
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Capture, Compare, PWM (CCP)
Module

e The CCP module is a hardware PWM signal
generator

® Timer 2 is used to clock the PWM signal

e Up to 10-bits of resolution (1024 pulse width
settings per period)

@ At 8-bits of resolution the 8 MHz internal clock will
output 31.2 kHz

e CCP2 is multiplexed with RD2
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CCP2 Registers

@ CCP2CON - Select PWM mode, 2 LSB of

Duty Cycle
8 MSB of Duty Cycle

e PR2 — Frequency select register
@ T2CON — Turn on Timer 2
e TRISD — Make CCP2 pin an output
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Lab 3 State Diagram

Read ADC

Set CCP2

Duty Cycle
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Lab 3: Implement a Solution

e Open the Lab3 workspace In:
c:\Mechatronics WIB\Lab3

e All I/O ports and modules (including the
CCP) are initialized for you

e Copy the first two states in Lab 2
- Read ADC
- Display ADC Value

e Move result of the analog-to-digital
conversion into CCPR2L
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Motor Whine

Question: Why does the motor whine?
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‘QuietPWM’ Function

e Generates a 31.2 kHz signal using the
8 MHz internal oscillator

e Has 8-bits of resolution

® HOW 10 use.:

- Move duty cycle value in W
- Call QuietPWM
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Lab 3 Review

e Introduction to Pulse Width Modulation
- Duty Cycle is linear to motor speed

- When driving motors, modulating the PWM
signal above 18 kHz is a good idea

e Development Tools
- MPLAB Signal Analyzer

e CCP Module

- Can generate an 8-bit 31.2 kHz PWM signal
using the 8 MHz internal oscillator
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Agenda

e Introduction to Microchip
e® Mechatronics examples and benefits

e PIC® Microcontroller Basics
- Hands-On Learning Cycles

e Labs
- Simple I/O and Timer 0
- Reading an analog sensor, LCD module

- Controlling the speed of a motor
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PICDEM™ Mechatronics Projects
For Self-Study

e Learn to read an analog temperature sensor
and light sensor

e How to create a real-time clock

e Brushed DC motor control

e Stepper motor control

e Using the LCD module on the PIC16F917
e Using serial communication

e Other concepts: Back EMF, optical speed
sensing, and current sensing
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Microchip Web Resources

e Electronic Product Selector Guide

e Design Centers
www.microchip.com/mechatronics

e Step-by-step Tutorials

e \Webinars — Online presentations

e Application Notes, Technical Briefs, Articles

e Upcoming Training and Events

e Technical Support
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PICkIt™ 2 Microcontroller
Programmer

e Programs all Flash PIC® microcontrollers and
dsPIC® Digital Signal Controllers $34.95 UusD

e PICkit 2 Flash Starter Kit — Programmer bundled
with small development board for $49.95 UusD

e Compatible with the PICDEM Mechatronics Board
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MPLAB ICD 2

e MPLAB ICD 2 Part # DV164007/

- Includes 9V power supply, serial cable, USB
cable, ICD interface cable, and MPLAB ICD 2
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Third Party Tools

e Third Party Tool Developers are our Partners
- Give them access to early samples/information

- License Hardware Design to accommodate certain
Markets

e Preferred Programmer Vendor @ Voudor

® Top Compilers Choices
- Hi-Tech
- 1AR
- CCS

e Complete listing at:
www.microchip.com/thirdparty
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Summary

e Designing a PIC® microcontroller into a
mechanical system is beneficial to you

® You've see how easy It is to get started with
Microchip and PIC® microcontrollers

@ You can now use Microchip’s low-cost tools
to change, adapt and add features to a
design

e You can now perform basic mechatronic
tasks using a PIC® microcontroller
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Thank You for Coming!

Microchip aﬁpreciates your feedback on the
content of this presentation. Please tell us
what you liked and didn'’t like about the
presentation.

Please send your comments to:
mechatronicsWIB@microchip.com
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Trademarks & Disclaimers

The Microchip name and logo, the Microchip logo, Accuron, dsPIC, KEELOQ, microlD, MPLAB, PIC, PICmicro, PICSTART, PRO MATE, PowerSmart,
rfPIC and SmartShunt are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. AmpLab, FilterLab,
Migratable Memory, MXDEV, MXLAB, PICMASTER, SEEVAL, SmartSensor and The Embedded Control Solutions Company are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM, dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, MPASM, MPLIB, MPLINK, MPSIM, PICkit, PICDEM, PICDEM.net, PICtail, PowerCal, Powerinfo,
PowerMate, PowerTool, rfLAB, rfPICDEM, Select Mode, Smart Serial, SmartTel and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries. SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their respective companies.

Information contained in this publication regarding device applications and the like is provided only for your convenience and may be superseded by
updates. It is your responsibility to ensure that your application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE
INFORMATION, INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR
PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip’s products as critical components in life support
systems is not authorized except with express written approval by Microchip. No licenses are conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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