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Abstract

Computer-based Learning, sometimes abbreviated CBL, refers to the use of

computers as a key component of the educational environment.

This project lies under this huge topic, which is a complete educational
environment of PIC (Peripheral Interface Controller) microcontroller that executes
several experiments such as traffic lightt DC Motor ... under the control of a
LabVIEW (Laboratory Virtual Instrument Engineering Workbench) based GUI
(Graphical User Interface).

The project's idea aims at developing the currently used system in the
Advanced Microprocessor Laboratory in order to make it more efficient to use and

understandable by students.
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Chapter One

Introduction

1.1 Overview

Innovations in educational technologies have led to various learning
environments, and the educational uses of computers are rapidly-increasing.-Schools
and universities are placing more courses on computers to supplement and
sometimes replace traditional classroom teaching, in recognition of the potential of
computers. They believe that technology can assist in learning, because it provides

rich experiences to the learner.

Computer-Based Learning (CBL) is regarded as having great potential for
enhancing the quality and effectiveness of education. Cultural differences and
attitudes in learning and teaching are an important consideration for tutors engaged

choosing and providing of CBL materials.

Computers have been employed in teaching for over thirty years, but their use
still plays only a minor role in most undergraduate and postgraduate courses. At
present, there are many software packages available for simulation, intelligent
tutoring, and mathematical modelling, static and dynamic book emulation and

visualization algorithms.
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Laboratories, which are found in all engineering and science programs, are an
essential part of the education experience. Not only do laboratories demonstrate
concepts and ideas, but they also bring the course theory alive so students can see
how unexpected events and natural phenomena affect real-world measurements and
control algorithms. However, equipping a laboratory is a major expense and its
maintenance can be difficult. Teaching assistants are required to set up the
laboratory, instruct in the laboratory, and grade laboratory reports. These time-
consuming and costly tasks result in relatively low laboratory equipment usage,
especially considering that laboratories are available only when equipment and

teaching assistants are both available.

Recently many applications are done using different PIC microcontrollers,
especially as the process of miniaturization (small size) continued where all of the
components needed for a controller were built right onto one chip. Also their

importance is increasing by innovation of technologies.

1.2 General Description of the Project

This project creates a complete PIC microcontroller training environment in

which the student can choose any implemented experiment to run.

The experiments are viewed in LabVIEW with complete information about
each of them such as description, schematic and code also the user can run the

required experiment from LabVIEW.
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The PIC microcontroller is programmed once to perform all these

experiments; so there is no need to program it separately for each of them.

Finally, the user will see the results of his experiments on the implemented

hardware for each of them on a single board that includes the PIC microcontroller.

1.3 Project Importance

Support Palestine Polytechnic University (PPU) with a complete system that
will be applied in the Advanced Microprocessor Laboratory as a training PIC

microcontroller environment.

This system is an alternative training system to the currently used one, which

is too cbmplex to be learnt and understood by students.

The previous system based on a low level language (Assembly language), also
it uses Command Line Prompt (CMD) as an interface, whereas the new system
based on a high level language (C language), also it uses GUI to interact with
students using LabVIEW.
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1.4 Human Development Resources

The team of this project is composed entirely of three Electrical and
Computer Engineer (ECE) undergraduate students who are interested in PIC

microcontrollers.
The project team with their supervisor will develop this system

Supervisor: Eng. Elayan Abu-Gharbyeh.
The project Team:
Ala' Al-Hashlamoun.
Amal Wazwaz.

Arab Al-Sharif.

1.5 Literature Review

e Computer Based Learning With LabVIEW/ Summer,PPU,2005

= Qverview

This project aims to be used as an alternative to design and
implement experiments in electrical circuit lab in PPU, using new

technology to display data and generate signals through DAQ.
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= Main differences

e This project depends on LabVIEW without using any external
hardware.

e It concentrates on circuit lab experiments.

e All experiments were implemented in LabVIEW.

e But, our project depends on the PIC microcontroller as a major
part, and LabVIEW is used as supporting environment for

connectivity between the PIC and user interface.

e Virtual Lab Using LabVIEW/ Summer,PPU,2006

m  Qverview

This project aims to build a remote or virtual laboratory of
several experiments that can executed from LabVIEW and monitored

from the internet using the web browser.

& Main differences

e This project mainly depends on LabVIEW to implement
experiments.
e Simple hardware is implemented.

¢ Connecting LabVIEW to the internet is the major purpose.




e But, our project uses LabVIEW as auxiliary software to

simplify the use of the PIC microcontroller environment.

e Other projects' ideas were available in National Instrument (NI) discussion

forums, but no one reached to implementation level, so they still under

studying.

1.6 Project Estimated Cost

This section lists the overall cost -the rental cost of the components used- that

is considered in implementing the system. The costs are divided into: software costs

and hardware costs.

Software Estimated Cost

Table 1.1: Software Cost

Component Estimated Cost (8)
Windows XP 400
LabVIEW 1500
Total: 1900




Hardware Estimated Cost

Table 1.2: Hardware Cost

PC (3000GHz CPU, 256MB RAM, 60GB HD) 1500 1
PIC programmer 160
PIC microcontroller 17 L
DAQ . . 550
DAQ connector Block 100
Power supply 100 ji8
LCD Display 10
DC Motor 10 +
H-Bridge 5
Speaker | 7
Resistors, LEDs, diodes, transistors 25 &
Switches 5 B2
Seven Segment 10
Board 10 4
Wires 15 0
Total: 2524




1.7 Time Schedule

Time planning illustrates how the time will be managed to reach the goal of
the project. This time management aims to clarify each step of the project and

guarantees the full completion of the overall system.

Time schedule includes two time estimation schedule tables, the first one
show what is done in the first semester, and the second shows the expected time

scheduling of the second semester.

1.7.1 First Semester Time Planning

Week

Task

16

Data gathering
& analyzing

Requirement

analysis

Studying
PIC18F4520

Studying
LABVIEW

Studying
- MPLAP

Project Design

- Documentation

Figure 1.1: First Semester Time Planning




1.7.2 Second Semester Time Planning

Week

’ 171181 19} 20 21| 22} 23| 24|25} 26| 27|28 29} 30} 31} 32
%Task
l Implementation
l System Testing
l Documentation

Figure 1.2: Second Semester Time Planning
( 1.8 Risk Management

Many types of risks are taken into account in order to be ready to take

recovery steps immediately as soon as they appear.

1.8.1 Hardware Risk

The most important hardware part in our project is the microcontroller. The

predicted risks are:
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e Device failure: the microcontroller may crash because of high voltage
supply or other problems.
e The device operates differently than intended.

e Some hardware parts may not be delivered.

1.8.2 Software Risk

There are two important software components to be used in our system.
These are C language, and PIC Assembly. There may be some risks with the
software such as:
e Incorrect installation of C programming language.
e Trouble in downloading written C programs on the microcontroller.
e Failure in executing C programs on the system.
e Appearance of bugs in the program, which may lead to improper

execution.

1.8.3 Group Risk

e Illness of one or more of group members.

e Group meeting difficulties

11
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1.8.4 Requirement Risks

e Several requirements may be affected by other requirements due to the
high cost of some components.

e Team fails to understand impact of requirements changes.
Recovery

e Cover budget of extra cost by ignoring unexpected requirements as

possible.

1.8.5 Project Risks

e Some requirements and changes may arise lately..
e Schedule not accurate
e Budget not sufficient.

o Latency of devices arrival.
Recovery

e Demand device at earlier time.
e Start working on the implementation earlier.
e Use alternate devices with the same functionality and less cost.

e Try to build our own circuits that can replace unavailable devices.

12




1.9 Report Contents

The documentation for this project is categorized into seven chapters. Each
chapter concerns with a logical or physical part of the system. The followings

summarize briefly what each chapter will explain:-

e Chapter One: Introduction

This chapter demonstrates on an overview about the system, system design

options, a literature review, estimated cost and time planning.

e Chapter Two: Theoretical Background

This chapter focuses on theories and materials that are related to our system

operation and behaviour.

e Chapter Three: Design Concepts

This chapter describes the system in its abstract formula. It describes the

project objectives, a general block diagram and how the system works.

13
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o Chapter Four: Hardware System Design
This chapter discusses system design options and justifies those that are

chosen in the project. A detailed description about the different project parts also is

included.
e Chapter Five: Software System Design

This chapter handles the software related to our system, depicts flow charts
about system operation and illustrates different algorithms and techniques that will
be considered in writing the software.
e Chapter Six: System Testing

This chapter will manifest the implementation procedures to be acted so as to
integrate the project. Then, a sequence of procedural testing will be listed. The
testing comprises both software and hardware testing.
e Chapter Seven: Conclusions and Future Work

- This chapter will list the problems faced us in accomplishing the system and

how did they resolved. Notes and Conclusions will help readers are also included. A

future work is also proposed.

14
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Chapter Two

Theoretical Background

2.1 Introduction

This chapter contains theoretical information related to the hardware and

software components that will be used in the project.

2.2 Software Components

2.2.1 LabVIEW

LabVIEW is a full-featured graphical programming language with all the
standard features of the general-purpose programming environment such as data

structure, looping structures, and event handling, it is also has a built-in compiler that

compiles code at edit time.

However, unlike other general-purpose programming languages, LabVIEW

specifically designed for engineers and scientists and has built-in tools to meet their

16
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needs. These high-level functions, assistants, and tools make LabVIEW much more

than a programming language.

NI LabVIEW is a graphical development environment for creating flexible
and scalable design, control, and test applications rapidly and at minimal cost. With
NI LabVIEW, engineers and scientists interface with real-world signals, analyze data
for meaningful information, and share results through intuitive displays, reports, and
the web. Regardless of experience, LabVIEW makes development fast and easy for

all users.

NI LabVIEW delivers a powerful graphical development environment for
signal acquisition, measurement analysis, and data presentation, given the flexibility
of a programming language without the complexity of traditional development tools,
and it also uses dataflow programming, where the flow of data through the nodes on
the block diagram determines the execution order of the Virtual Instruments (VI) -

VI are LabVIEW programs that imitate physical instruments- and functions. [1]

2.2.1.1 LabVIEW Functions

LabVIEW can perform the following functions:
e Acquiring

NI LabVIEW is an open environment designed to make interfacing

with any measurement hardware simple. With interactive assistants, code

17




generation, and connectivity to thousands of devices, LabVIEW makes

gathering data as simple as possible. [2]

e Analyzing:

LabVIEW has more than 500 built-in functions designed specifically
for extracting useful information from any set of acquired data and for

analyzing measurements and processing signals.

e Presenting:

LabVIEW provides tools for data visualization, user interface design,
Web publishing, report generation, data management, and software

connectivity.

2.2.1.2 VI

VI is a program in LabVIEW that models the appearance and function of a

physical instrument is combined from three major components:

1. Front Panel: acts as a user interface.
2. Block Diagram: contains the graphical source code that defines the
functionality of the VL.

3. Icon and Connector pane: identifies the VI.

18
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| Front Panel

Front Panel is the nsS e r interface of the VI, it contains two components

s and indicators, whickn ~ —====————m1¢ the interactive input and output terminals of the VI

ively.
Controls such as kno E—ss=— —====_push buttons, dials, and other input devices, they
te instrament input dew ¥ === es and supply data to the block diagram of the VI.

Indicators such as grag— ———=mmmws= s, | EDs, and other displays, they simulate instrument

t devices.

Fige ——sms=  —m= vc2.1: Front Panel Window

19




© 2.2.1.2.2 Block Diagram

Block Diagram is a window holds the graphical source code of the LabVIEW
where Front Panel objects appears as terminals on the block diagram. Also, it
contains functions and structures from built-in LabVIEW VI libraries. Wires connect
each of the nodes on the block diagram, including control and indicator terminals,

functions and structures. [3]

Figure 2.2: Block Diagram Window

20



2.2.1.3 Why using LabVIEW

LabVIEW is easy to use, interactive, so we can write sophisticated programs

and applications in a short time.

In addition, LabVIEW presents the following benefits:

e LabVIEW provides open connectivity with other progréms such as MATLAB,

Excel ...etc.
e LabVIEW is easy to learn, use and gives a great results.

e LabVIEW is widely used in industry, employable skills for students to learn.

21




2.3 Hardware Components

2.3.1 PIC18F4520 microcontroller

Figure 2.3: PIC18F4520 Microcontroller

2.3.1.1 PIC 18F4520 Features

e General features

= DC - 40 MHz external Operating Frequency.

= 32 K Program Memories (Bytes).

= 16384 Program Memories (Instructions).
= 1536 Data Memory (Bytes).

= 256 Data EEPROM Memory (Bytes).

= 20 Interrupt Sources.

= A,B,C,D,El/O Ports.

= 4 Timers.

22




= 10-bit Analog-to-Digital Module.

= Programmable Low Voltage Detect.
= Programmable Brown-out Reset.

= 75 Instruction Set.

= Internal clock 8§ MHz

= 40-pin DIP

e Pin Layout

L

e RETRXDT
e ROBTRICK

.
o2
3
&
5
ds
gz
s
2
1
4
431
1
4
1
e
a7

Bk Tk

Figure 2.4: PIC18F4520 Pin Layout

CpPU

= Up to 10 MIPS performance
= C compiler optimized RISC architecture
= 8 x 8 Single Cycle Hardware Multiply

23
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e System

Internal oscillator support - 31 kHz to 8 MHz, up to 32 MHz with 4X
PLL

Fail-Safe Clock Monitor — allows safe shutdown if clock fails
Watchdog Timer with separate RC oscillator

Wide operating Voltage range; 2.0V to 5.5V

o Analog Features

10-bit Analog to Digital Converter(ADC), 13 channels, 100K samplés
per second |

Programmable Low Voltage Detection Module

Programmable Brown-out Reset module

Two Analog comparators with input multiplexing

e Special Microcontroller Features

C compiler optimized architecture:
o Optional extended instruction set designed to optimize re-
entrant code ‘
100,000 erase/write cycle Enhanced Flash program memory typical
1,000,000 erase/write cycle Data EEPROM memory typical
Flash/Data EEPROM Retention: 100 years typical

Self-programmable under software control
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= Priority levels for interrupts
= 8x8 Single—Cycle Hardware Multiplier
= Extended Watchdog Timer (WDT):
e Programmable period from 4 ms to 131s
= Single-supply 5V In-Circuit Serial Programming™ (ICSP™) via two
~ pins
= In-Circuit Debug (ICD) via two pins
= Wide operating voltage range: 2.0V to 5.5V
= Programmable 16-level High/Low-Voltage Detection (HLVD)
module:
o Supports interrupt on High/Low-Voltage Detection
= Programmable Brown-out Reset (BOR
= With software enable option

2.3.1.2 PORTA

PORTA is an 8-bit wide, bidirectional port. The corresponding data direction
register is TRISA.

The RA4 pin is multiplexed with the Timer0 module clock input and one of
the comparator outputs to become the RA4/T 0CKI/C10UT pin. Pins RA6 and RA7
are multiplexed with the main oscillator pins; they are enabled as oscillator or 1/O
pins by the selection of the main oscillator in the configuration register. When they
are not used as port pins, RA6 and RA7 and their associated TRIS and LAT bits are

read as ‘0.

25

1



The other PORTA pins are multiplexed with analog inputs, the analog
VREF+ and VREF- inputs and the comparator voltage reference output. The
operation of pins RA3:RAO0 and RAS as A/D converter inputs is selected by clearing
or setting the control bits in the ADCON1 register.

2.3.1.3 PORTB

PORTSB is an 8-bit wide, bidirectional port. The corresponding data direction
register is TRISB.

Four of the PORTB pins (RB7:RB4) have an interruption-change feature.
Only pins configured as inputs can cause this interrupt to occur. The input pins (of
RB7:RB4) are compared with the old value latched on the last read of PORTB. The
“mismatch” outputs of RB7:RB4 are ORed together to generate the RB Port Change
Interrupt with Flag bit, RBIF (INTCON<0>), this interrupt can wake the device from
the Sleep mode, or any of the Idle modes.
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2.3.1.4 PORTC

PORTC is an 8-bit wide, bidirectional port. The corresponding data direction
register is TRISC.

RC1 is normally configured by configuration bit, CCP2MX, as the default
peripheral pin of the CCP2 module (default/eras¢d state, CCP2MX = 1).

When enabling peripheral functions, care should be taken in defining TRIS
bits for each PORTC pin. Some peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to make a pin an input. The user

should refer to the corresponding peripheral section for additional information.

The contents of the TRISC register are affected by peripheral overrides.
Reading TRISC always returns the current contents, even though a peripheral device

may be overriding one or more of the pins.

2.3.1.5 PORTD

PORTD is an 8-bit wide, bidirectional port. The corresponding data direction
register is TRISD.
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All pins on PORTD are implemented with Schmitt Trigger input buffers.
Each pin is individually configurable as an input or output. Three of the PORTD pins
are multiplexed with outputs P1B, P1C and P1D of the enhanced CCP module.

2.3.1.6 PORTE

PORTE is a 4-bit wide port. Three pins (REO/RD/ANS, RE1/WR/ANG6 and
'RE2/CS/ANT7) are individually configurable as inputs or outputs.

TRISE controls the direction of the RE pins, even when they are being used
as analog inputs. The user must make sure to keep the pins configured as inputs

when using them as analog inputs.

The upper four bits of the TRISE register also control the operation of the
Parallel Slave Port.

The fourth pin of PORTE (MCLR/VPP/RE3) is an input only pin. Its
operation is controlled by the MCLRE configuration bit. When selected as a port pin
(MCLRE = 0), it functions as a digital input only pin; as such, it does not have TRIS

or LAT bits associated with its operation.

28

e



Otherwise, it functions as the device’s Master Clear input. In either
configuration, RE3 also functions as the programming voltage input during

programming.

2.3.1.7 Interrupts

The PIC18F4520 has multiple interrupt sources and an interrupt priority
feature that allows most interrupt sources to be assigned a high priority level or a low
priority level. The high priority interrupt vector is at 0008h and the low priority
interrupt vector is at 0018h. High priority interrupt events will interrupt any low

priority interrupts that may be in progress.

There are ten registers which are used to control interrupt operation. These

registers are:

RCON
INTCON
INTCON2
INTCON?3
PIR1, PIR2
PIE1, PIE2
IPR1, IPR2
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2.3.1.8 Timers

2.3.1.8.1 Timer0

e Module
The Timer0 module incorporates the following features:

« Software selectable operation as a timer or counter in both 8-bit or 16-bit
modes

« Readable and writable registers

« Dedicated 8-bit, software programmable prescaler

« Selectable clock source (internal or external)

« Edge select for external clock

« Interrupt-on-overflow |

Figure 2.5 : Timer0 Block Diagram (8-bit Mode)

=
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. Figure 2.6: Timer0 Block Diagram (16-bit Mode)

e Operation

Timer0 can operate as either a timer or a counter; the mode is selected
with the TOCS bit (TOCON<5>). In Timer mode (TOCS = 0), the module
increments on every clock by default unless a different prescaler value is
selected. If the TMRO register is written to, the increment is inhibited for the
following two instruction cycles. The user can work around this by writing an

adjusted value to the TMRO register.

The Counter mode is selected by setting the TOCS bit (= 1). In this
mode, Timer0 increments either on every rising or falling edge of pin
RA4/TOCKL. The incrementing edge is determined by the Timer0 Source Edge
Select bit, TOSE (TOCON<4>); clearing this bit selects the rising edge.

Restrictions on the external clock input are discussed below.
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An external clock source can be used to drive Timer0; however, it must
meet certam requirements to ensure that the external clock can be synchronized
with the internal phase clock (TOSC). There is a delay between

synchronization and the onset of incrementing the timer/counter.

2.3.1.8.2 Timerl

o Module
The Timer1 timer/counter module incorporates these features:

=  Software selectable operation as a 16-bit timer or counter

« Readable and writable 8-bit registers (TMR1H and TMR1L)

= Selectable clock source (internal or external) with device clock or
Timer1 oscillator internal options

= Interrupt-on-overflow

= Reset on CCP Special Event Trigger

= Device clock status flag (TIRUN)

e Operation
Timer] can operate in one of these modes:
= Timer

= Synchronous Counter

= Asynchronous Counter
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The operating mode is determined by the clock select bit, TMRI1CS
(T1CON<1>). When TMR3CS is cleared, Timerl increments on every internal
instruction cycle (Fosc/4), when the bit is set, Timerl increments on every
rising edge of the Timerl external clock input or the Timerl oscillator, if
enabled.

When Timer] is enabled, the RC1/T10SI and RCO/T10SO/T13CKI pins
become inputs. This means the values of TRISC<1:0> are ignored and the pins

are read as ‘0.

Figure 2.7: Timer1 Block diagram
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2.3.1.8.3 Timer2

e Module
The Timer2 module timer incorporates the following features:

= 8-bit timer and period registers (TMR2 and PR2,respectively)

= Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4 and 1:16)

= Software programmable postscaler (1:1 through 1:16)

= Interrupt on TMR2-to-PR2 match

= Optional use as the shift clock for the MSSP module the module is
controlled through the T2CON register, which enables or disables the

timer and configures the prescaler and postscaler.

Timer2 can be shut off by clearing control bit, TMR20N (T2CON<2>), to

minimize power consumption.

A simplified block diagram of the module is shown in following figure.

RO RWED R0 RV RWO RO
JTP52| T20UTPE1 [T20UTPS | TMIR2ON | T2CKPS! | T2cKkes0

Figure 2.8: T2CON: Timer2 Control Register
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Figure 2.9: Timer2 Block Diagram

e Operation

In normal operation, TMR2 is incremented from 00h on each clock
(FOSC/4). A 4-bit counter/prescalér on the clock input gives direct input, divide-by-4
and divide-by-16 prescale options; these are selected by the prescaler control bits,
T2CKPS1:T2CKPSO0 (T2CON<1:0>).

The value of TMR2 is compared to that of the period register, PR2, on each
clock cycle. When the two values match, the comparator generates a match signal as
the timer output. This signal also resets the value of TMR2 to 00h on the next cycle

and drives the output counter/ postscaler.

The TMR2 and PR2 registers are both directly readable and writable. The
TMR2 register is cleared on any device Reset, while the PR2 register initializes at
FFh.
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Both the prescaler and postscaler counters are cleared on the following
events:
= awrite to the TMR2 register
= awrite to the T2CON register
= any device Reset (Power-on Reset, MCLR Reset,

2.3.1.8.4 Timer3

e Module
The Timer3 module timer/counter incorporates these features:

- Software selectable operation as a 16-bit timer or counter

« Readable and writable 8-bit registers (TMR3H and TMR3L)

o Selectable clock source (internal or external) with device clock or
Timer1 oscillator internal options

e Interrupt-on-overflow

« Module Reset on CCP Special Event Trigger

The Timer3 module is controlled through the T3CON register. It also selects

the clock source options for the CCP modules.

©URW RWO L RWD
T3CKPS1 | Tackeso | T3cept |

Figure 2.10: T3CON: Timer3 Control Register
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Figure 2.11: Timer3 Block Diagram

e Operation

Timer3 can operate in one of three modes:
* Timer
 Synchronous Counter

 Asynchronous Counter

The operating mode is determined by the clock select bit, TMR3CS
(T3CON<I>). When TMR3CS is cleared (= 0), Timer3 increments on every
internal instruction cycle (FOSC/4). When the bit is set, Timer3 increments on
every rising edge of the Timer1 external clock input or the Timer1 oscillator, if
enabled.

As with Timer1, the RC1/T10SI and RC0/T10SO/T13CKI pins become inputs
when the Timerl oscillator is enabled. This means the values of TRISC<1:0>

are ignored and the pins are read as ‘0’.
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2.3.1.9 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCPx pin produces up to a 10-
bit resolution PWM output. Since the CCP2 pin is multiplexed with a PORTB or
PORTC data latch, the appropriate TRIS bit must be cleared to make the CCP2 pin

an output.

Figure 2.12: Simplified PWM Block Diagram

2.3.1.10 10-Bit Analog-To-Digital Converter (A/D) Module

The Analog-to-Digital (A/D) converter module has 10 inputs for the 28-pin
devices and 13 for the 40/44-pin devices. This module allows conversion of an

analog input signal to a corresponding 10-bit digital number.
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The module has five registers:

* A/D Result High Register (ADRESH)
* A/D Result Low Register (ADRESL)
» A/D Control Register 0 (ADCONO)
» A/D Control Register 1 (ADCONT1)
» A/D Control Register 2 (ADCON2)

Figure 2.13: ADCONO Register

The ADCONO register controls the operation of the A/D module. The
ADCONI register configures the functions of the port pins. The ADCON2 register

configures the A/D clock source, programmed acquisition time and justification.

- Figure 2.14: ADCONI1 Register

K0 RIS RWD
Acaro | apcsz |

5]

Figure 2.15:ADCON2 Register
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The analog reference voltage is software selectable to either the device’s
positive or negative supply voltage (VDD and VSS), or the voltage level on the
RA3/AN3/ VREF+ and RA2/AN2/VREF-/CVREEF pins.

The A/D converter has a unique feature of being able to operate while the
device is in Sleep mode. To operate in Sleep, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the converter, which

generates the result via successive approximation.

A device Reset forces all registers to their Reset state; this forces the A/D

module to be turned off and any conversion in progress is aborted.

Each port pin associated with the A/D converter can be configured as an

analog input, or as a digital 1/0.
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2.3.2 Data Acquisition Card (DAQ NI 6024E)

NI Company produces NI 6024E devices that use Electric (E) Series

technology to deliver high performance, reliable data acquisition capabilities.

Figure 2.16: DAQ NI 6024E

This project will use low-cost DAQ Card-6024E.
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2.3.2.1 NI 6024E Features

General features

1- Bus type is PCL

2- Supported in some operating systems as Windows, Linux, Real-
Time.

3- Recommended software is LabVIEW.

"4 Driver software is NI-DAQ.

Analog input

16 channels of 12-bit resolution.

fum—
]

2- Number of samples is 200 kSample/s.

w
1

Maximum voltage range is (-10V to 10V).

4- Minimum voltage range is (-50mV to 50mV).

Analog output

1- 2 channels of 12-bit resolution.

2- Number of samples is 10 kSample/s.

w
1

Maximum voltage range is (-10V to 10V).
4- Minimum voltage range is (-10V to 10V).

42

il



2.3.2.1 NI 6024E Features

General features

1- Bus type is PCL

2- Supported in some operating systems as Windows, Linux, Real-

Time.
3- Recommended software is LabVIEW.

" 4- Driver software is NI-DAQ.

Analog input

1- 16 channels of 12-bit resolution.

2- Number of samples is 200 kSample/s.

3- Maximum voltage range is (-10V to 10V).

4- Minimum voltage range is (-50mV to 50mV).

Analog output

—
]

2 channels of 12-bit resolution.

[N
1

Number of samples is 10 kSample/s.

W
1

Maximum voltage range is (-10V to 10V).
4- Minimum voltage range is (-10V to. 10V).
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¢ Digital input/output

1- 8 digital I/O lines.

2- Compatible with both TTL and COMS logic levels.

3- Digital trigging.

4- Maximum input range (OV to 5V)

5. Maximum output range (0V to 5V)

6- Input current flow are Sinking and sourcing.

7- Output current flow are sinking and sourcing.

e Counter/Timer

1- 2 Counter/Timer of 24-bits resolution.
2- Maximum source frequency is 20MHz.
3. Minimum input pulse width is 10ns.

4- Maximum range is (0 to 5V).

5- TTL logic level.

e Physical specification
1- Lengthis 17.5 cm.

2- Width is 10.7 cm.

3. 1/O connector is 68 pins male.
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e Driver Software

NI-DAQ is the robust driver software included with all NI data

acquisition and signal conditioning products. This easy-to-use software

tightly integrates the full functionality the DAQ hardware t0 LabVIEW.

2.3.2.2 DAQ NI 6024E Pinout

Figure 2.17: DAQ NI 6024E Pins
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Each NI DAQCard-6024E requires 1 Cable, 1 Connector Block.

Connector Block

Figure 2.18: DAQ Connection

2.3.3 HD44780 Liquid Crystal Display (LCD) Display

2.3.3.1 HD44780 LCD General Description

One of the most popular components people want to interface with their
systems is an LCD display, both to help them debugging their programs and also

provide a way 10 display the results to the outside world.

Figure2.19: LCD Display
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HD44780 dot-matrix liquid crystal display controller and driver that displays
alphanumerics, kana characters and symbols. It can be configured to drive a dot-
" matrix liquid crystal display under the control of a 4- or 8-bit microcontroller. Since
all the functions such as display ‘Random Access Memory (RAM), character
generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal
display are intefnally provided on one chip, a minimal system can be interfaced with

this controller/driver.

Most text displaying LCD's are based on the LCD controller which takes
care of all the multiplexing and the peculiarities required by the LCD display and
provides a low level command interface for certain actions like screen clearing,

cursor shape and size, character displaying .

The LCD module contains three different functional blocks.

s Character Generator Read Only Memory (CG-ROM).
The ROM character generator is factory programmed and
contains the 208 characters to be displayed.

u Character Generator Random Access Memory (CG-RAM).
The CG-RAM allows the user to define up to 8 special
characters that are not included in the CG-ROM.

= Display Data Random Access Memory (DD-RAM).
The DD-RAM holds the characters that are actually displayed
in the HD44780 LCD

The most important of the function blocks is the DD-RAM. This has to do

with the way that is implemented and sometimes is different from one LCD to
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another depending on how many lines by how many rows the LCD can display
the DD-RAM address changes.

2.3.3.2 HD44780 LCD Features

e 5x7and 5 x10 dot matrix liquid crystal display controller driver.
e Capable of interfacing to 4-'bin or 8-bit MPU.
e DD-RAM: 80 x8 bits (80 characters max).
e Character generator Read Only Memory (ROM).
s Character font 5 x7 dots: 160 characters.
= Character font 5 x10 dots: 32 characters.
e Both display data and character generator RAM can be read from the MPU
using special commands.
e Duty factor selection (selected by program).
= 1/8 duty: 1 line of 5 x 7 dots + cursor.
= 1/11 duty: 1 line of 5 x 10 dots + cursor.
= 1/16 duty: 2 lines of 5 x 7 dots -+ cursor.
e Maximum number of display characters.
s /8 or /11 duty provide 8 charactersx 1 line.
s 1/16 duty provide 8 characters X2 lines.
e Wide range of instruction functions
= Display clear.
= Cursor home.
= Display ON/OF.
= Cursor ON/OFF.
= Display character blink.

e Cursor shift.
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e Internal automatic reset circuit at power ON.
e Internal oscillation circuit, also external clock is operation possible.

° @omplementary Metal Oxide Semiconductor (CMOS) process

" = Logic power supply: A single + 5V (excluding power for liquid
-crystal display drive)

= Operation temperature range: -20 t0 +75 °C.

2.3.3.3 HD44780 LCD Pins Assignment.

The microcontroller interface to HD447 80 LCD modules is through 14 pins

as shown in Figure2.21..

Figure2.20: LCD Pins Assignment

The first three pins provide power to the HD44780 LCD module. Pin 1 is

GND and should be grounded to the power supply. Pin 2 is VCC and should be
connected to +5V power. Pin 3 is the LCD display bias, By adjusting the voltage or
duty cycle of pin 3, the contrast of the display can be adjusted, Most character LCDs

can achieve good display contrast with a voltage between 5V and 0V on pin 3.
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Greater contrast comes with lower voltage and you should never apply a VLCD

higher than VCC.

The second three pins 4, 5, and 6 are the control lines for the HD44780 LCD.
These lines indicate 'what kind of transaction you are proposing to do over the data
lines DB0-DB?7. The state of Pin4 which is RS indicates whether you wish to transfer
commands or display data. Pin3 which is R/W line indicates whether you intend to
read or write. Finally, Pin 6 which is F line tells the display when you are actually
ready to perform the transaction. The control lines RS, R/W, and E, along with the
data lines DBO-DB7 are standard digital logic inputs or outputs.

The remaining pins form 7 to 14 are eight bit bi-directional lines (DB0-DB7)

which used to send data.

LSSy daele ﬁ

. JM\M/"

s &M“\—-_E)
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Table 2.1: HD44780 LCD Pins Assignment

1 GND Ground Power
2 VCC 1.CD Controller Power (+3 to +5V) Power
3 VLCD LCD Display Bias (+5 to -5V ) ) Analog
4 RS | Register Select: H: Data L: Command T Input
5 R/W H: Read L: Write | Input
6 E Enable (Data strobe, active high) Input
7 DBO Data - Least Significant Bit (LSB) 1/0
8 DB1 Data /0
9 - DB2 Déta I/0
10 DB3 Data A( 1/0
11 DB4 Data 1/0
12 DB5 Data 1/0
13 DB6 Data 1/0
14 DB7 Data - Most Significant Bit( MSB) 1/0

2.3.3.4 Interfacing HD44780 LCD with Microcontroller.

The interface between microcontroller and HD44780 LCD is either a 4-bit or

8-bit parallel bus that allows fast reading/writing of data to and from the LCD. The

waveform will write an American National Standard Code
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Interchange (ASCII) Byte out to the LCD's screen. The ASCII code to be displayed
is eight bits long and is sent to the LCD either four or eight bits at a time. If 4-bit
mode is used, two nibbles of data (First high four bits and then low four bits with an
E clock pulse with each nibble) are sent to complete a full eight-bit transfer. The E
clock is used to initiate the data transfer within the LCD. 8-bit mode is best used
when speed is required in an application and at least ten 1/O pins are available. 4-bit
mode requires a minimum of six bits. In 4-bit mode, only the top 4 data bits (DB4-7)

are used.

LCD's are slow devices when compared to microcontrollers. Special attention
must be paid so the commands and data are not send too quickly from the Micro
Processing Unit (MPU), and the designer must control the communication speed and
timing to ensure that the slow LCD and the fast MPU stay synchronized, for more
details see Appendix D.

2.3.4 H-bridge component

An H-bridge is an electronic circuit which enables DC electric motors to be
run forwards or backwards, which are available as integrated circuits, the term "H-
bridge" is derived from the typical graphical representation of such a circuit as

shown in Figure 2.22.
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Figure 2.21: H-bridge Chip

ith four switches (PNP BJTs or P-channel MOSFETS

An H-bridge is built w
channel MOSFETs connected

connected to the high voltage bus and NPN BJTs or N-

to the low voltage bus), as shown in Figure 2.23.

Figure 2.22: Structure of H-bridge

itches S1 and S4 (according to the first half in Figure 2.24) are

When the sw
ross the motor

closed (and S2 and S3 are open) a positive voltage will be applied ac

and move in forward.
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By opening S1 and S4 switches and closing S2 and S3 switches (as shown in
second half of Figure 2.24), this voltage is reversed, allowing reverse operation of

the motor. [7]

Figure 2.23: Two Basic Operation of H-bridge

There are two logic level compatible inputs in H-bridge chip, A and B, and
two outputs, A and B. If input A is brought high, output A goes high and output B
goes low. The motor goes in one direction. If input B is driven, the opposite happens
and the motor runs in the opposite direction. If both inputs are low, the motor is not
driven and can freely, and the circuit consumes no power. If both inputs are brought

high, the motor is shorted and braking occurs, as shown in the following Table 2.2.
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.

Truth Table of H-bridge Input and Output Characteristic

Table 2.2

Float
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Chapter Three

Design Concepts

3.1 Introduction

This chapter will describe the objectives of the project, also contains the

general block diagram and show in details how the system works.

3.2 Project Objectives

The system is considered to have many objectives, these objectives are:-

1. Create a complete laboratory environment to teach the PIC18F4520

microcontroller features.

2. Simplify using the laboratory environment by implementing a graphical user

interface instead of a command line prompt.

3. Give students the ability to choose the required application from the
specified list, to run it on the PIC18F4520.
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4. Provide students with a complete description about the applications they will

run.

3.3 General Block Diagram

The following block diagram defines the general system components:

DAQ

Y

PC with LabVIEW -
software. Microcontroller

Y \ \
Application 1 Application 2 | .. Applicationn

Figure 3.1: General Block Diagram
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3.4 How the System Works

This project is a complete educational system that allows the user to choose

an application from several choices to run.

These applications are implemented on board to generate an embedded
system to the PIC18F4520 microcontroller which is clearly visible to students to

increase the interaction with the system.

The user interface is designed in LabVIEW to help the user to use this system
in the best way. This is done by providing an efficient introduction about each

application and using the user interface components the user will act with the system

properly.

Also, the main page in the interface will introduce the project in general, and

the other pages will do.the same with the applications.

The user will choose a specific application to be executed; internally in the
hardware this is done by sending specific values through the data acquisition card
(DAQ) to the PIC18F4520 microcontroller that will activate the pins related to that

application in order to perform it properly.

58

m

1]



These applications are chosen carefully to interact with students requirements
to satisfy the objectives of the project, and here we decided to implement the
following applications:

e Traffic Light
e Music Tones Generation
e Two-digit Decimal Timer

o LCD Voltmeter

e DC Motor
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Chapter Four

Hardware System Design

4.1 Introduction

"This chapter describes the main hardware components that are used during
the building of the system, and represents block diagrams and general schematic

diagrams which represent how these components are integrated to each other.

4.2 Design Options

4.2.1 PIC Microcontroller

Because of the wide using of the PIC microcontroller in these days, this
project aims to establish training environment for the PIC microcontroller, and so
helps the students to learn its features and how to configure and program it in easier

way than the one used now in the Advanced Microprocessor Laboratory of the PPU.
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Choosing a specific version of the PIC microcontroller was one of the

problems in this project.

There are two possible choices for PIC microcontroller version, the first one
is to use the same PIC microcontroller version that currently used in the laboratory,
and the second one is to use PIC microcontroller version with advanced features than

the currently used one, the two choices discussed below.

e PIC16F84 Microcontroller

PIC16F84 which is currently used in the laboratory is a available in the
market, and PPU has a programmer that support it, but it has limited features such as
number of input and output ports, program memory size, number of timers that can't

support the completion of the project. Features of PIC16F84 are listed below.

a Features

1- 13 input/output bidirectional pins, only 2 ports A with 5 pins and
B with 8 pins.

2- 8-bits timer (only one timer).

' 3. Data memory consists of EEPROM and RAM memories, 64 bytes
of EEPROM memory, and 68 locations in RAM memory.
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4- Program memory is 1024 locations with 14 bits width stored in

flash memory.
5- There are 4 interrupt sources.
6- 37 instruction set.

7- 28-pin PIDP.

PIC18F4520 Microcontroller

PIC18F4520 is a available in the market, and PPU has a programmer
that support it, also since this PIC provide features which are good for our
applications and since this project aims to develop the currently used system,
the option of choosing the PIC18F4520 is applied, Features of PIC18F4520

are listed below.

5 Features

1- 36 input/output bidirectional pins, 5 ports ( A, B, C, D of 8-bits )
but port E of 4-bits.

2- 4 timers, timer0 & timerl & timer3 of 16-bits, but timer2 of 8-bits.

3. Program memory is 32k stored in flash memory.
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4- Data memory consists of EEPROM and SRAM memories,1536
bytes of SRAM memory, 256 bytes of EEPROM memory.

5- 10-bit Analog to digital converter (13-channels).

6- There are 20 interrupt sources.

7- 75 instructions, 83 with extended instruction set enabled.
8- 40-pin PDIP.

9- Capture/Compare/PWM Modules.

10- Enhanced Capture/Compare/PWM Modules.

4.2.2 Interfacing PIC Microcontroller with PC

In the project PIC microcontroller is connected to PC, and to run a specific
application on the PIC microcontroller, three bits must be sent from PC to the PIC
microcontroller and must exist on three pins of the microcontroller until the PIC

check the status of these three pins to determine which application will be executed.

This interface can be done by serial port, parallel port, or DAQ. Each one of

theses possibilities is discussed below.
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1- Serial Port

Features:

= Slow because it sends data one bit at a time.
= Send data for long distance.

s Need less number of wires.

Drawbacks:

= There is no driver for serial port in LabVIEW.
= Since serial port sends one bit at a time, it is impossible to send three
bits to three pins of PIC simultaneously.

= Slow.

2- Parallel Port

Features:

= Sends more than one bit at a time.
= More wires are needed.
s Sends data for short distance, reliable for distances less than 20 feet.

s There isn't driver for parallel port to use them easily in LabVIEW.
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Drawbacks:
= There is no driver for parallel port in LabVIEW |
3- DAQ

NI produces NI DAQ (Driver software) that helps the user to use DAQ in
LabVIEW easily

= DAQ advantages

e Used in high-speed data converter systems

e High-speed digitizer cards.

e Are ideal for high-precision, high-speed, power-sensitive
applications.

e Provide sampling rates from 100 MS/s to 8 GS/s

o Provide feature wide bandwidths and acquisition memories ﬁp to

1 Gpoints per channel.

According to the advantages of DAQ the interface will be implemented

through it.
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4.3 System Block Diagrams
4.3.1 General System Block Diagram

PIC18F4520

<__ N

Music Sound
Generation

Traffic Light Two Digit Timer

~___

LCD Voltmeter

Figure 4.1: General System Block Diagram
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4.3.2 Traffic Light Experiment Block Diagram

~ PIC18F4520

PORTD

Timer 0 (RDO-RD5)

Traffic Light

Figure 4.2: Traffic Light Experiment Block Diagram
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4.3.3 Music Tones Generation Experiment Block Diagram

LabVIEW

 PIC18F4520
PORT C

Timer 1 (RC2,
RC5-RC7)

Speaker

Figure 4.3: Music Tones Generation Experiment Block Diagram
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4.3.4 Two Digit Timer Experiment Block Diagram

'PIC18F4520

PORTD |1 PORTB
(RD6,RD7) | | (RBO-RB7)

2 Digit Timer

Figure 4.4: Two Digit Timer Experiment Block Diagram
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4.3.5 DC Motor Experiments Block Diagram

PIC18F4520

. PORT C
Timer2 || Rco,RC1,RC3)

DC Motor

Figure 4.5: DC Motor Experiment Block Diagram
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4.3.6 LCD Voltmeter Experiment Block Diagram

PIC18F4520

PORTA
(RAO-RAT)

LCD
Voltmeter

Figure 4.6: LCD Voltmeter Experiment Block Diagram

72




4.4 System Circuits

4.4.1 Interfacing Circuit of PIC18F4520 and DAQ

Project aims to establish a GUI environment for PIC microcontroller, that
helps the student to determine the application he wants to run from specified menu in
LabVIEW, and then executes it on the PIC18F4520 which is already programmed
using MP-LAB and fixed in the system.

As shown in Figure 4.7, PIC18F4520 is connected to the PC usingiDAQj,
which is connected to PIC using three output digital lines to give eight different
patterns, one of these patterns used to reset the system which is (000), and the other
seven pattern are enough to run seven different applications, only five applications
have been built in the project and have the patterns (001, 010, 011,100,101), and the
patterns 110 and 111 are ignored.
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4.4.2 Traffic Light Experiment Circuit

Traffic light experiment is for two junction roads, and is implemented in the
system using two sets of LEDs (Red, Yellow, and Green), each set is used to

represent one junction of the road.

Student can run this experiment by choosing it from GUI menu implemented
in the LabVIEW and then press the run button, pressing the run button involves that

the required pattern which is (001) is sent from PC to PIC18F4520 through the DAQ.

PIC18F4520 checks continuously the status of the three pins which are used
to specify the experiment that will be executed, and if it finds that REO=1 and the

other two pins equal to zero, then the traffic light experiment will go on.

Traffic light circuit components are comnected to PIC18F4520 using the low
six pins of PORTD which are RDO to RD5 as shown in Figure 4.8 LEDs are
common cathode and so to turn on the LED one must be sent from PIC18F4520 to it.

The code downloaded on PIC18F4520 to execute this experiment informs
PIC18F4520 to send six different values for each case as shown in Table 4.1, each of
these values must remain stable on PORTD for specific period of time this is

implemented using delays which generated using timer0.
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If the student wants to reset the experiment he must press reset button, and so
the PIC18F4520 will send Ob xx000000 to PORTD, and so LEDs will turned off

until he chooses the application again and runs it.

Table 4.1: Traffic Light Sequence

Red Green 15 seconds 0b xx100001

Red . Yenow 2 Seconds Ob XXOlOOOl

“Red&Yellow | Red | Zseonds 0b xx001011

Green — Red s e 15second . , Obxxoonoo

Yeuow Red . L zseconds Obxxoomlg

“Red [ Red&vellow | Zseconds | 0b xx011001
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4.4.3 Music Tones Generation Experiment Circuit

Music Tones experiment aims to generate seven different music tones, and is
implemented in the system by connecting speaker circuit - consists of the speaker,

other basic electronic devices, and seven switches for the tones - to PIC18F4520.

Student can run this experiment by choosing it from GUI menu implemented
in LabVIEW and then press the run button, pressing the run button involves that the

required pattern which is (010) is sent from PC to PIC18F4520 through the DAQ.

PIC18F4520 checks continuously the status of the three pins which are used
to specify the experiment that will be executed, and if it finds that RE1=1 and the

other two pins equal to Zero, then the music tones generation experiment will go on.

Music tones generation experiment components are connected to
PIC18F4520 using five pins of PORTC which are RC2, RC4, and RC5 - RC7 as
shown in Figure 4.9, since there are seven music tones SO in the ordinary way seven
pins must be used with each tone's switch to generate it, and to reduce number of
pins necessary for this experiment 7415148 encoder is used, and so five pins are

used to determine which tone will be generated instead of seven pins.

Pins (RC5-RC7) are configured as input pins and connected with the output

of the encoder and pin (RC4) is configured as output and is connected to the enable
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pin of the encoder. RC2 is used as output pin to send square wave from PIC18F4520
to the speaker circuit, a square wave with specific frequency must be produced as to

generate a tone as shown in Table 4.2, and this is done using timerl.

If the student wants to reset the experiment he must press reset button, and so
the PIC18F4520 will send 0 to RC2, and so the speaker will turned off until he

chooses the application again and runs it.

Table 4.2: Tones frequencies and corresponding pins values
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4.4.4 Two Digit Timer Experiment Circuit

Two Digit Timer experiment purpose is to count from 0.0s to 9.9s, the timer
increments it's count each time the student presses the increment switch on the
system board, and clears it's count if clear button is pressed, this experiment is
implemented using two seven segments to display the count of the timer with

additional electronic components as shown in Figure 4.10.

Student can run this experiment by choosing it from GUI menu implemented
in the LabVIEW and then press the run button, pressing the run button involves that

the required pattern which is (011) is sent from PC to PIC18F4520 through the DAQ.

PIC18F4520 checks continuously the status of the three pins which are used
to specify the experiment that will be executed, and if it finds that RE2=0 and the

other two pins equal to one the timer will go on.

Two digit timer circuit components are connected to PIC18F4520 using ten
pins, all the pins of PORTB from RBO to RB7 are connected with the two seven
segments pins at the same time, the reason for this connection is to use less number
of 1/O ports, since if we connect cach seven segment with different 1/0 lines sixteen

lines are needed for the two seven segment.

The remaining two pins are used in this experiment are RD6 and RD7 these
pins acts as input and output lines, when they are configured as output they used to

enable one of the seven segment at a time and send the ASCII code of the number to
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~ be displayed on it while the other sev™ ——————en segment is disabled, and then after small

delay enables the other seven segment ———=========nd send the ASCII code of the number to be

displayed on it while the first seven S=— egments is disabled, and because of the fast
execution of the PIC18F4520 the stude nt can't notice that the seven segments go on
and off.

When RD6 is input, PIC18F45 >0 check if the clear switch is pressed, and if it
is pressed then the timer is cleared, N =/hen RD7 is input, PIC18F4520 check if the

increment count switch button is presss===— ed, and if it is pressed then the timer's count is
incremented.

If the student wants {0 reset th  — ——ssmmme experiment he must press reset button, and so

the PIC18F4520 will disable the twc——————-o= seven segments by sending one on RD6 and

RD7, and so seven segments turned Off until he chooses the application again and
runs it.
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4.4.5 DC Motor Experiment Circuit

DC Motor experiment is used to ran DC Motor and control the direction of

the rotation, this experiment is implemented using DC Motor and H-Bridge circuit.

Student can run this experiment by choosing it from GUI menu implemented
in the LabVIEW and then press the run button, pressing the run button involves that
the required pattern which is (101) is sent from PC to PIC18F4520 through the DAQ.

PIC18F4520 checks continuously the status of the three pins which are used
to specify the experiment that will be executed, and if it finds that RE1=0 and the
other two pins equal to one DC Motor will go on. -

DC Motor circuit components are connected to PIC18F4520 using three pins
from PORTC which are RCO, RC1 and RC3 as shown in Figure 4.11, RC3 is
configured as input and used to read the Value sent from the DAQ to determine the
direction of rotation, RC1 and RCO are used to send the speed and the direction of

rotation read from DAQ respectively.
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The code downloaded on PIC18F4520 to execute this experiment informs
PIC18F4520 to send fix speed to DC Motor which is 20 kHz, this frequency is
generated using PWM and sent to H-Bridge from CPP2 (RCI) pin.

If the student wants to reset the experiment he must press reset button, and so
the PIC18F4520 will send DC signal on CCP2 and so the motor will turned off until

he chooses the application again and runs it.
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4.4.6 LCD Voltmeter Experiment Circuit

LCD Voltmeter experiment aims to measure the value of the voltage from OV
to 5V and display its value on LCD screen, this experiment is implemented using

potentiometer and LCD screen as shown in Figure 4.12.

Student can run this experiment by choosing it from GUI menu implemented
in the LabVIEW and then press the run button, pressing the run button involves that
the required pattern which is (100) is sent from PC to PIC18F4520 through the DAQ.

PIC18F4520 checks continuously the status of the three pins which are used
to specify the experiment that will be executed, and if it finds that RE2=1 and the

other two pins equal to zero, then this experiment will go on.

LCD voltmeter circuit components are connected to PIC18F4520 using
PORTA, RAO is configured as analog input channel and used to read the voltage
signal, RA1 to RA2 are used to send control signals that determine the operation of
the LCD (RS, R/W, and E), RA4 to RA7 are used to send data to LCD since it is

configured to operate in four bit modes, and so reduce number of pins needed.
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PIC18F4520 read the analog signal from RAO and convert it to digital using
A/D converter, which is configured to read from OV to 5V by setting Vref- to 0V and
Vref+ to 5V

If the student wants to reset the experiment he must press reset button, and so
the PIC18F4520 will clear command to the LCD and so the LCD will turned off until

he chooses the application again and runs it.
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4.4.7 Parallel Programmer Circuit

One of the problems of this project is that MPLAB ICD2 programmer is
damaged, so we design a programmer to complete this project, also this system can
use this programmer as a part of it, to help student to change in code of some
experiments and then load it to PIC18F4520 directly using Win PIC 800

(programmer software).

Figure 4.13 describes how the circuit works, by using parallel port with a
driving circuit (inverters and resistors and capacitors, and transducer of 12 volt), that

comnect to some MCLR, Vpp, RB6, RB7.
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Chapter Five

Software System Design
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Chapter Five

Software System Design

5.1 Introduction

This chapter includes software system implementation depends on PIC

programming and software tools, and describe the Flowcharts and algorithms of all

the system.

5.2 Software Tools

5.2.1 MPLAB IDE Software

MPLAB IDE is a software program that runs on a PC to develop
-applications for Microchip microcontrollers. It is called an Integrated Development

Environment, or IDE, because it provides a single integrated "environmen " to

develop code for embedded microcontrollers, for more details see Appendix C. [4]
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The code of each experiment is written in C language, then use MPLAB

C18 compiler, which generate an executable code in machine language, and hex

code, also using MPLAB ICD2 programmer in first steps of project, after that this

programmer was damaged.

5.2.2 Win PIC 800 Software

This software is supported by parallel programmer, which is used to
download hex code to PIC microcontroller; it supports PIC18F4520 when the user

chooses setting up hardware as ProPIC2, for more details see Appendix C.
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5.3 System Implementation

This section discusses the system software functionality in all of the experiments.

5.3.1 Main Interface

This is the main interface that is implemented in LabVIEW, it gives the user a

general description about the project.

Each tab in this interface represents the name of the experiment the user can
choose in order to execute it, the last tab shows the parallel programmer description

and schematic.

Main i Traffic Light DC Motor 11 Tswo Digit Timer ! LCD Volaneter ]{ Muasic Tones Generation 2 Programiner }

ollege 4
Fleetrical and Computer Departuent

Graduation Project
LabVIEW/PIC Training Enviromaent

Project’s Team
Ala’ Al Hashiamoon
Amal Wazwaz
Arab A. Al Shaif

Project’s Supervisor
Eng. Elayan Abu Gharbyeh

L

Figure 5.1: Main Interface
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Each experiment includes three major tabs, which are:

e Front panel with three tabs, description, schematic and source code.

e Block diagram.

5.3.2 Experiments' Interfaces

e Front Panel

= Description tab

The following figures show the description front panel of each experiment;
it gives the user a brief description about how it works and which parts of the
PIC18F4520 are used to satisfy its purposes also it contains the button which is

used to run or reset this application.
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e Traffic Light experiment

Main | Traffic Light \ DC Motot | Two Digit Timer |- LD Voltmeter: | Music Tones Generation | Progimmmner |

Description ‘ Schematic ‘ Source Code !

sets of traffic lights ata

| Two Iots of red. yellow and green LEDs are
 used to represent the lights witl PICISFA520
* outputcng the necessary data (o switch these

| on and off in the desired sequence.

| Without the addition of timne delays to the
| progeaun the LEDs swould be switched an and

off rapidly that they would appear (a be all it
ultaneously, to avoid this problem we use

Carmvsponding LED

x RD5 St 2, Graan (LFNE)Y
: » T Setn G (IS
i ; RD4 Set2, Yellow GEDS)
R o
; RD3 Set?, Bed (EDY)
Set 1, Green LEDD) Run/Reset

Figure 5.2: Traffic Light Description Front Panel

e DC Motor experiment

Main ! Traffic Light = DC Motor l Twe Digit Timer 1 1.CD Veltmeter usic Tones Generation Programmer 1

Description ‘ Schematic ] Sowrce Code ‘
a a

© Controlling the operation of the DC

: motor is performed using PORTC bins
| RCO.RCL), tehrough which we will
 control the divection of the DC motor
| rotation.

Timer? is used to controlling PWM i
e ' mode by specifying the prescaler and k

: other required calculations to perform

| the rotation operation in a perfect way.
1

Run/Reset

D

U

I R

Figure 5.3: DC Motor Description Front Panel
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a

Main } DC Motor l‘chég’t Timex LCD Voltmeter & Music Toties Generation ] Progeatamer |

o 'Two Digit "Ximer experiment

k T affic Laght

gchematic | Sowrce Code |

pescriptao® |
o

Hxcrend: or clex count
Jceyswiches avhich are conuected to
RrD6, RD7 simultmeously.

I this experiment, the eight lines oF ot B
swvere connected. by the way of curre ERET

| Janitinng resistors. to the cight cthode input
: pins of a seven segment display.

The commoned anodes of that displaess wewe
connécted to the positive supply ol = the

circuit.

! As the display was active low each s =nent
| could e twrned on by placing azero = the
corxesponding vit position of the P<>» EXTEB
yegister. Lilcewise. placing @ one ixe T it
sition of the PORTB register woriE gl cause
the corresponding segment to pe swtched

off.

Run/Rezel

Figure 5.4: Tw© Digit Timer Description Front Panel

o LCD VoRtmeter experiment

| Teaffic Light | DCDMotor § Two Digit Timer LCD Voltmoter | Music Tanes Generation . | * Programiner |

NI

pescription l Schematic | Seurce Cocze |

e g

. Our

| from BV 1o 5V that 15 dinged® using
ia pmeminmelerwhich is comxmected (o
| the PIC18F4520 thriugh RAB -

8 e rest of PORTA bins (R2A-RAT
/| are connected to the LCD ¢ —=gew the
! yoltage values.

{ Intenal ADC is used (o cOT="RIL the

| inputted voltages from the pe=gtentiometer
‘e digital values that appenrss o0 the

| LCD.

E a @
Run/Reset

e ——

R

Figure 5.5: L,CD Voltmeter Description Front Panel
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e Music Tones Generation experiment

Description } Schematic ' Source Code }

2
is output from the PIC18F{510.

The frequency of this square wave is set according

to which one of seven lreyswitches is pressed.

The ourput is connected to a spealzer 5o that

| seven different notes may be heard.

¢ In effect keyswitches 1 ta 7 generate the notes
Do-Si.

In this circuit, seven Keyswitches are encoded

| to generate three outputs RCS, RC6, RCT),
One line of port C is used to output a square

" wave to drive the speaker circuitry.

We will generate this square wave using Tirerl
time delays.

Main | Traffic Light ] DC Motor I Two Digit Timer L.CD Volaneter | Music Tones Generation Programmer

Aun/Reset

Figure 5.6: Music Tones Generation Description Front Panel

s Schematic tab

The following figures, show the schematic of the experiments which

are drawn in Orcad to help the user to understand the internal connections and

interfaces of each experiment.
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e Traffic light experiment

Main | - Traffic Light § DC Motor g Two Digit Timer ] LCD Voltmetex l Music Tones Generation } Programmer. I
4 i | S H

Desciption | Schematic l Source Code 2

ﬁi T voo 1§ 2

= e =

e alLE 703 (352 2

[ ALY foa 8o ]

ias 705 36 -

i all P08 (g5 -

= EH 07 2 s

¥ 8

Felgg oonp HE-T —————————‘l]l-

it Gt o -

28y DOND [ - NEE

A pono (-0 i

"_m“"“— g:g DGHD 1 o

-‘ﬂ_ e o GREBR

-l = 25 fee

e Palal 3
7} A GND

pol ﬁg:g " 150%8 GRED¥

PIC 18F4520

‘_11‘ A GND

72 A GND

§ A GND

Figure 5.7: Traffic Light Schematic Front Panel

e DC Motor experiment

Main©|  Traffic Light - DC Motor ‘ Two Digit Timer | LCD Volameter | Music Tones Generation : Progrmmmer:
i 1

Description © Schematic | Source Code i
i H
. 8¢ |
LK ;
RESET
e
4 )
1 p— E ]
- 0 2o
8 10 me C—g o
g%nn el Oy =2
'EM! (4w s s
Ay w3 Oy ra
Lo—gglAIt [ e REB o P
o5 a1s s e RE! you F———ftay
[ n i B g THY R USS |5 -
A -0 y I vot ROY 550
s i pang HE-o k o e
‘o £$10 nGHY {53 DIRECTION O—ig| OSCIAAE ROY Foy—C
: al11 0GR [ | Aca o1 [0
TEINE HE pu b wEs
Ga Al c—2na3 Aot B0
a-laus o2 ron O3 5
i % G o= ROt AOE =
1 G =
3 e o
(oS siEhn
: 31GRD PIC 1§4520
: AIGRD 5vnC
. !
I =

Figure 5.8: DC Motor Schematic Front Panel
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e LCD Voltmeter experiment

Main Traffic Light i DC Motox ! Two Digit Timer - LCD Veltmeter ; Music Tones Generation i Programmer
i i

P 3 PRI P 3 i

Description . Schiematic i Sowrce C'ode |

a B S B - "

+6V
RESET
o
ar L °—]

 ANALOGVOLTAGE L - VELRRES re [45-o

: REVAID res 220

e RAUANT Res [B-a

1 Mo 00 — REA [0

e aly P01 RAGIVREF+ R o

(- arH 70, RiG R [ B0

e AL E] o3 FZ-o RS /et 230

e ar] Fo4rg RED rm [0

-84 ns Fo51-2o RE} VD' |-Bemda iV

(OBl ne rop 200 - RE2 ey I

AL [ ] 5 VDD Ro7 B0

an 88 | A8 |18 = S [

Bo—2HAG D GND OSCARAT RDS i =
e D oND (50 OSC2R Rpa (21— -} vss o
e D ohD (50 o2 reo w7 F2-o 1 | 5w Wb 0B

i n_m_D-a- A b onp [0 oM Rercerz res [2-0 085

1 A3 D GHD O RC2/CCP RCE. RS OB [

a1 B g RoA [B-0 RAY DR [A00
=S <N g 2R e ROG &0 E om H—a
o2 e == oA Roy R0z |20 o2 om obf [2—o
o2 g

10-E e

15— A onp PIC 18F4520 HD 74180
(Di Al OHD

o2 enp

D"@‘ Al GHD

:D—%' Al GND

;DT Al GND

6024EDAQ
- - a L

Figure 5.9: LCD Voltmeter Schematic Front Panel

e Two Digit Timer experiment

Main | Traffic Light | DCMotor

i

Description  Schematic ! Somrce Code |

i

Two Digit Timer E LCD Voltmeter ‘! Music Tones Generation E Programmer

P — e . -
=
+ = a-—I - |
» E—
- = [ =
: s TTT 1"
: & |
! 6"-0 .E? ‘fﬁ u._["‘ AW DI
1 _ S |
Lo-may 3 P 7]
o =i o | —
Em AmES T
A s ey = o 1
| &0 - D":I e [ —H: s
i Y HeHran o +5v S8 2 ‘i I
B fe i = s T
S ez oGia =1 5w
i an nGn =L - e
L g:ia'une = HANSI® D625 i
e e ]
B
p Al GEY
Faare
= bt
FEH
=2 cio
ez
60ME DAQ
‘i [
o 4 LU
|
w -3 -]

Figure 5.10: Two Digit Timer Schematic Front Panel
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e Music Tones Generation experiment

Main - |- Traffic Light § DC Motor | Twa Digit Timer 1 T.CD Voltmeter ~ Music Tones Generation | Programmer %
o : H

Des(n‘priou' Schiematic i Somrce Code I)

g e
0
™ 5y
+
w | SPEAKER
o %
7K
sgmlfiomPIC ™
RESET +
11
LVIED R [0 =
il o—d R0 e (50 e
o nnnt s
ot ROAIRAE. ROk < oK
o—FH necwies o [53-5 :
=1 e +
D o B0 8 5
RE 1T ] _J :
7Y RE =] 3 E
- 0 R0 g d
B 00 [0 5
ooy 05 &0 3 ]
o A0 (50 :
o—gH o i
Bl iccem [y & 3|
r| rcaeee s »
Hd 3 20 - :
| Hem e .
ROt Rg2 (24
oq RAY | ME FANSOH LA 'ni
IR

PIC 18F4520

SOMEDAQ

Figure 5.11: Music Tones Generation Schematic Front Panel

= Source Code tab

The following figures, show the code of the experiments which is
written in C language to help the user 10 understand how this experiment

works relating to software issues.
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e Traffic light experiment

Main  Traffic Light - 1 DC Motor ‘ Two Digit Timer l LCD Voltmeter 1 Music Tones Generation ‘ Programmer |

Desm‘pﬁonl Schematic - Sowrce Code l

1} Diisble all other applications
Diseble_Applisation(),

fiensble leds on PORTENG-5)for traffic light applization.
1 and diseble all other ports.
TRISD=TRISD && Ob11000000;

. void Dielay(int valus)
L
WriteTime0(valus),

while(INTCONbits TOIF==0);
INTCONbits. TOIF=0;

Figure 5.12: Traffic Light Code Front Panel

e DC Motor experiment

Tvlain ‘ Traffic Light DC Motor 1 Two Digit Timer ‘ LCD Voltmeter Misic Tones Generation Programmer

Descﬁpﬂon] Schematic - Source Code %

CpenTimeri(
TIMER,_INT_OFF &
T2.P5 1 1& ffProcs 14
T2_POST_11);

| void [IC_Motor Initialize (void)
Lt

Disahls_Applications();
#PORTC (RCO,RCLRCI)

{iuse RC3 to dstrmins the direction Backward ox forward
TRISCbits. TRISC3 = 1;

11 Use of SCP1 as PWM module at ~20kHz

Figure 5.13: DC Motor Code Front Panel
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e Two Digit Timer experiment

Main | Traffic Light | DCMoter | Two Digit Timer ‘ L.CD Voltmeter. '] Music Tones Generation

Description I Schematic  Source Code

i ifivalue == 0)
| retum G,

elso iffvalue == 1)
xetum OxFS;

else iffvalue == 2)
retum OxA4;

alae iffvalua == 3)
retum 0:80;

i clss iffvalue == 4)
: Totum 0:99;

else iftvalus == 5)
olun092;

else iffvalus == 6)
retum 0:82;

else iffvalue == 7)
retum 0<F8;

Programmer. 1

Figure 5.14: Two Digit Timer Code Front Panel

e LCD Voltmeter experiment

Main 1 Traffic Light l DC Motor l Two Digit Timer ~ LCD Voltmeter 1 Music Tones Generation

De::cﬂption! Schematic  Source Code ‘

OpenADS(ADC FOSC 8 &

ADC_RIGHT JUST & i
ADC 8 TAD, b
ADCCHO &

ADG INT OFF & ADC_VREFPLUS VDD & ADC_VREFMINUS VS5, 14);

i

' oid LD _nitializetyoid)

.

| Dicdbls_Applications0;

OpenXLCDFOUR_BIT &LINES_5X7);
TR 1 input to i

.

<

+ void ADC(void)

‘Programsner

Figure 5.15: LCD Voltmeter Code Front Panel
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o Music Tones Generation experiment

TvIain 1 Traffic Light l DC Notor l Two Digit Timer L.CD Valtraeter Mausic Tanes Generation Programmer.

Dt-r.m‘prion‘ Scliematic - Fource Code k

Diisable_Applications();
I irdtislize PORTC o3 input form switches
# ond one out put ta speakar.
TRISC=TRISC [ 0} 1100000;
TRISC=TRISC && Gol1111011;

0
| void Tielayint valos}
X
WeiteTizerl(value);
whils(PIR bits, TMRITF=0);
PIRIbits TMRITF=0;

i

%

. void Sound_Geseralion{yoid)

Figure 5.16: Music Tones Generation Code Front Panel

e Block Diagram

The following figures show the block diagram of the experiments which
shows the main components in LabVIEW that we use in order to make this

experiment works properly when interact with LabVIEW.

As shown, the main tab is joined with a case structure to select the active tab,

when an experiment tab is active in the front panel, the Boolean button will send
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different values to the DAQ according to it's status in order to run or reset this

experiment respectively.

When the button is pressed (Run case) the internal case structure will send 1
to the DAQ which will cause to execute traffic light experiment, on the other hand,
when the button is not pressed (Reset case) the internal case structure will send 0 to

the DAQ which will cause to reset this experiment.

e Traffic light experiment

W matficigne Pl
@ TelFaise ~Bf™

LK

qo | FOKID line Corresponding LED
H0_]
RD3 Set 2, Green (LEDG)
RD4 Sex 2, Yellow (LED5)
RD3 Sei 2, Red (LED4)
RD2 Set 1, Green (LED3)
RD1 Set 1, Yellow (LED2)
s
RDO Set 1, Red ALED1)

Figure 5.17: Traffic Light Block Diagram
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e DC Motor experiment

When the button is pressed (Run case) the internal case structure will send 5
to the DAQ which will cause to execute DC Motor experiment, on the other hand,
‘when the button is not pressed (Reset case) the internal case structure will send 0 to

the DAQ which will cause to reset this experiment.

Te['DC Motor® b
False_vhi

Figure 5.18: DC Motor Block Diagram
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e Two Digit Timer experiment

When the button is pressed (Run case) the internal case structure will send 3
to the DAQ which will cause to execute Two Digit Timer experiment, on the other
hand, when the button is not pressed (Reset case) the internal case structure will send

0 to the DAQ which will cause to reset this experiment.

fd"Two Digit_Timer” il

E False vpl

Figure 5.19: Two Digit Timer Block Diagram

e LCD Voltmeter experiment

When the button is pressed (Run case) the internal case structure will send 4

to the DAQ which will cause to execute LCD Voltmeter experiment, on the other
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hand, when the button is not pressed (Reset case) the internal case structure will send

0 to the DAQ which will cause to reset this experiment.

{°LCD Yoltmeter” M

Figure 5.20: LCD Voltmeter Block Diagram

e Music Tones Generation experiment

When the button is pressed (Run case) the internal case structure will send 2

to the DAQ which will cause to
other hand, when the button is not pres

will send 0 to the DAQ which will cause to reset this experiment.

execute Music Tones Generation experiment, on the

sed (Reset case) the internal case structure
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L

T *Fiusic Tones Beneration” By

Figure 5.21: Music Tones Generation Block Diagram
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5.3.3 Programmer Interfaces

This is the description front panel of the parallel Programmer; it gives the user a

brief description about how it works and which software products it supports.

Main ] Traffic Light } DC Motor

| “Two Digit Timer

| Description { Schematic 1

PIC Microcontroller devices via PC paralle
| port which support several softvare such as
+ EPIC Win, WinPicg00, P18 etc.

;‘ There are tvo indicators LED on PCB.
" One for power supply and one for Pprograning

' inprogress.

1 LCD Voltmeter Music Tones Generation  Programmer

Figure 5.22:Parallel Programmer Description Front Panel

The following figure shows the schematic o
in Orcad to help the user to understand the internal connections and interfaces of this

programmer.
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" Main

Traffic Light DC Motor | Tswo Digit. Tineer 1" 1D Voltmeter 1" NIusic Tones Generation ngl'mmﬁer
i i i )

' Description  Schematic |

a2
o
7
Mi—=
e
I3
2 1 .
 camo =
¢ 2 [y 45
3| RN A T ]
Ot RAIIANT RCUM ORICER yy—C
ana D] AN AEoe (1o
G| FAURIANARER ACUERIEACL ¢y |
Oy AT AmDIBDA a0
= RAELANATEE REsmon [HR—a
= - ReEmuEK{-7E—a
=a g amrT RE7IRGOT [0
[T
o} R e o el
RE AOLPRRY P
Rea ROZmEBRR =E
o] AES et |
ey am g
pov Fy — RazrEr s
ROEMAPE |0
& an e i - w—fA-pREC L P arT [t
g . 10k 12 Egegas ikouT — a_
REANS tg—C
1 { > ] 2| WA REVAVRIANS D
[ o oo ana ;
e L-J__E oo [
PignaRS
ang

Figure 5.23: Parallel Programmer Schematic Front Panel
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5.4 System Flowcharts

This section discusses the flowcharts of the system, including all its

experiments to provide a detailed sequence of the system operations.

5.4.1 General System Flowchart

In the following flowchart, the general system flowchart will be discussed.

First of all the user will choose the required operation to be done from the
available options in LabVIEW's designed interface, so he/she may choose to run a

specific experiment or to reset the system.

In both cases, the data will be sent through DAQ to perform user's choice
according to the values of REO, RE1, and RE2 then the result will be visible to him.
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< Initialization >

%
Choose An
_| Application Or

Reset in
LabVIEW

A

Send Data

Through DAQ
to PIC

YES
Reset?

NO

Run The
Chosen
Application

l

Run Another
Application Or
Reset?

YES

NO

Figure 5.24: General System Flowchart
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5.4.2 Traffic Light Flowchart

In the following flowchart, the operation of traffic light experiment will be
discussed, when the user select traffic light experiment from LabVIEW, data that
carries REO=1, RE1=0 and RE2=0 will be passed through DAQ to specify this

experiment, then it will be run and this process can be repeated.

< Initialization )

‘
Choose Traffic Light

P — Application From

LabVIEW

A

Send Data
(RE0=1,RE1=0, RE2=0)
Through DAQ to PIC

A

Run This Application

J,

YES

Figure5.25: Traffic Light Flowchart
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5.4.3 Music Tones Generation Flowchart

In the following flowchart, the operation of Music Tones Generation will be
discussed, when the user select this experiment from LabVIEW, data that carries
RE0=0, RE1=1 and RE2=0 will be passed through DAQ to specify this experiment,

then it will be run and this process can be repeated.

< Initialization >

A
Choose Music Sound
Generation From
LabVIEW

A

Send Data
(RE0=0,RE1=1, RE2=0)
Through DAQ to PIC

Run This Application

l

YES Run The

Same
Application?

NO

Fioure 5.26: Music Tones Generation Flowchart
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5.4.4 Two Digit Timer Flowchart

In the following flowchart, the operation of Two Digit Decimal Timer will

be discussed, when the user select this experiment from LabVIEW, data that carries
RE0=1, RE1=1 and RE2=0 will be passed through DAQ to specify this experiment,

then it will be run and this process can be repeated.

< Initialization >

A

Choose Two Digit Timer
From LabVIEW

X

Send Data T
(RE0=1,RE1=1, RE2=0)
Through DAQ to PIC

X

Run This Application

l

YES Run The

Same
Application?

NO

Figure 5.27: Two Digit Timer Flowchart
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5.4.5DC Motor Flowchart

In the following flowchart, the operation of DC Motor will be discussed,
When the user select this experiment from LabVIEW, data that carries REO=1,
RE1=0 and RE2=1 will be passed through DAQ to specify this experiment, then it

will be run and this process can be repeated.

< Initialization >

A

Choose DC-Motor

Application From
LabVIEW

A

Send Data
(RE0=1,RE1=0,RE2~=1)
- Through DAQ to PIC

X

Run This Application

l

YES

Figure 5.28: DC Motor Flowchart

119




5.4.6 LCD Voltmeter Flowchart

In the following flowchart, the operation of LCD Voltmeter will be discussed,
when the user select this experiment from LabVIEW, data that carries RE0=0,
RE1=0 and RE2=1 will be passed through DAQ to specify this experiment, then it

will be run and this process can be repeated.

< Initialization >

X
Choose LCD VoltmeteT}
Application From
LabVIEW

X

Send Data
(REO=0,RE1=O,RE2=1)
Through DAQ to PIC

A

Run This Application

l

YES Run The

Same
Application?

NO

Figure 5.29: LCD Voltmeter Flowchart
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5.4.7 System Reset Flowchart

In the following flowchart, the operation of System Reset will be discussed,
When the user select this process from LabVIEW, data that carries RE0=0, RE1=0
and RE2=0 will be passed through DAQ to specify this experiment, then it will be

applied in order to stop the last executed experiment.

< Initialization )

A

Choose
Reset in LabVIEW

L

A

Send Data
(RE0=0,RE1=0,RE2=0)
Through DAQ to PIC

Finish

Figure 5.30: Reset Flowchart
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5.5 Algorithms and Pseudocode

Main Algorithm
begin

SET internal oscillator to 4MHz

INIT timers

INIT ADC

INIT PORTE (REO, RE1, RE2) as input

WHILE (system is running)

READ the value of PORTE // determine which experiment will be executed

CASE PORTE OF

: Reset the system

. RUN Traffic light experiment

. RUN Music Tones Generation experiment
RUN Two digit timer experiment
RUN LCD voltmeter experiment
RUN DC Motor experiment

(S T R VUR N N

ENDCASE

ENDWHILE

end
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e Reset Algorithm

Begin

SET PORTD to 0b xx000000
SET RD6, RD7 to one

SET RC2 to zero

CLEAR LCD

SET RC2 to zero

end

e Traffic Light Algorithm

Begin

// Disable all experiments
CALL Reset function

INIT PORTD (RDO to RD5) as output

/[first case of traffic light sequence

// disable traffic light experiment

// disable two digit timer experiment

// disable sound generation experiment
// disable LCD voltmeter experiment

// disable DC motor experiment

// connected with LEDs

TURN ON the red LED from setl and the green LED from set2

CALL delay for 15s

//second case of traffic light sequence

TURN ON the red LED from setl and the yellow LED from set2

CALL delay for 2s
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/fthird case of traffic light sequence
TURN ON the red & yellow LEDs from setl and the red LED from set2
CALL delay for 2s

//fourth case of traffic light sequence

TURN ON the green LED from setl and the red LED from set2

CALL delay for 15s

//fifth case of traffic light sequence

TURN ON the yellow LED from set1 and the red LED from set2

CALL delay for 2s

//sixth case of traffic light sequence

TURN ON the red LED from setl and the red & yellow LEDs from set2

CALL delay for 2s

end

e Sound Generation Algorithm
Begin
// Disable all experiments

CALL Reset function
INIT RCS5, RC6, and RC8 as input // used for the switches of the tones
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// RC4 outputs square wave signal for each tone, generated using timerl
INIT RC2 and RC4 as output '
SET RC4 to zero // enable encoder

CASE RCS5,RC6,RC4 OF
000 : no tone generated
001 :  DOH tone
010 : RAY tone
011 : MEtone
100 : FAHtone

101 : SOH tone
110 : LAHtone
111 : TE tone
ENDCASE
end

e Two Digit Timer Algorithm
begin

// Disable all experiment
CALL Reset function

// PORTB used to send ASCII code of the number to the seven segments

CONFIGURE PORTB as output
CLEAR timer
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// read the status of clear and increment switches

INIT RD6, RD7 as input

IF RD6==0 THEN J/ if clear button is pressed
CLEAR timer

ELSE
Do nothing

ENDIF

IF RD7==0 THEN // if increment button is pressed
INCREMENT timer

ELSE
Do nothing

ENDIF

// enable both seven segments one afier the other to display data
CONFIGURE RD6, RD7 as output
CONVERT count from hexadecimal to decimal

SET RD®6 to zero // enable the first seven segment
// find ASCII code for the first digit of the count
Display ASCII code of the timer count

CALL Delay for Sus
SET RD7 to zero // enable the second seven segment
// find ASCII code for the first digit of the count

Display ASCII code of the timer count

end

126

o



e LCD Voltmeter Algorithm
begin

// Disable all experiments

CALL Reset function

INIT RAO as input // input to the analog signal

INIT RA1 to RA7 as output ~ // to control and send data to LCD
INIT LCD

INIT ADC

READ the result from ADC

DISPLAY the result on LCD

end
e DC Motor Algorithm
begin

// Disable all experiments

CALL Reset function

INIT timer?2 to be used for PWM

INIT RC3 as input // to get the direction of rotation
INIT RCO, RC1 as output

ACTIVATE timer?2 to generate 20 kHz signal

READ the direction of rotation

SEND direction of rotation on RCO

SEND speed of rotation on RC1

end
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Implementation and Testing
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Chapter Six

Implementation and Testing

6.1 Introduction

This chapter demonstrates the procedures used to test and examine the basic
system subroutines. System testing is an important and crucial step in implementing
a system. It senses the effectiveness of that system just before introducing it to the

users.

Testing will include the components testing in which each component will be
tested separately, subsystems testing and finally the integrated system testing, that

contains system simulation.

6.2 Component Testing

6.2.1 LEDs Testing

Testing LED is done by building the circuit in Figure 6.1, that will check if

the LED works correctly or not.
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= Testing Steps

1. Connect one terminal of the 150 Q resistor in series with 5 volt power
supply, and the other terminal of the resistor with the LED anode side.

2. Connect the cathode side of the LED with ground of 0 volt.

3. If the LED is on; then it works correctly, otherwise it doesn't Work

correctly.

Figure 6.1: LED Testing

6.2.2 Diodes Testing

Analogue multimeter is still quite easy to perform a simple go / no-go test,

this is performed a test that gives a very quick indication of whether the diode works

properly or not.

Figure 6.2: Analogue Multimeter
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Just two tests are needed with the multimeter to ensure that the diode works

satisfactorily.

4 Anode— / ‘Actual Diode

Cathod—>

Figure 6.3: Diode Circuit Representation

= Testing Steps of Diode

wm B

Set the Multimeter to its ohms range - any range can be used.

Connect the cathode terminal of the diode to the positive terminal
marked on the multimeter, and the anode to the negative or
common terminal.

Set the Multimeter to read ohms, and a low reading should be
obtained.

. Reverse the connections.

. This time a high resistance reading should be obtained
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6.2.3 Transistor Testing

Again the test using a multimeter gives a very quick indication of whether the

transistor is basically operational.

Collecror ? C
™
Base
14
B
Hmitter L
E

Figure 6.4: NPN Transistor

The test relies on the fact that a transistor can be considered to comprise of
two back to back diodes, and by performing the diode test between the base and
collector and the base and emitter of the transistor using an analogue multimeter, the

basic integrity of the transistor can be ascertained.
= Steps for Transistor (NPN)
1. Set the Multimeter to its ohms range - any range can be used.

7. Connect the base terminal of the transistor to the terminal marked

positive on the Multimeter.

[
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_ Connect the terminal marked negative or common to the collector and
measure the resistance, it should read open circuit (there should be a
deflection for a PNP transistor).

_ With the terminal marked negative still connectéd to the base, repeat
the measurement with the positive terminal connected to the emitter,
the reading should again read open circuit (the multimeter should
deflect for a PNP transistor).

. Reverse the connection to the base of the transistor, this time
connecting the negative or common terminal of the analogue test
meter to the base of the transistor.

_ Connect the terminal marked positive, first to the collector and
measure the resistance. Then take it to the emitter. In both cases the
Multimeter should deflect (indicate open circuit for a PNP transistor).
_ Connect the Multimeter negative or common to the collector and
Multimeter positive to the emitter. Check that the Multimeter reads
open circuit. (The meter should read open circuit for both NPN and

PNP types.

. Reverse the connections so that the Multimeter negative or common is
connected to the emitter and Multimeter positive to the collector.

Check again that the Multimeter reads open circuit.

6.2.4 Speaker Testing

Using Function Generator Instrument that generates a square wave of specific

frequency to test Speaker.
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Figure 6.5: Function Generator

= Testing Steps

Prepare function generator operation that will generate square wave.
2. Precise function generator on a specific frequency from 50 Hz to 600
Hz.
Then connect speaker terminals to function generator terminals.
4. Ifthere is a sound is heard then speaker works properly, this shown in

Figure 6.6.

Figure 6.6: Speaker Testing
6.2.5 7415148 Encoder Testing

741.8148 Encoder is a TTL encoder, feature priority at the input to insure that

only the highest —order data lines is encoded, it encodes eight data lines to three
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binary lines (octal) all these line are active low, testing this encoder shown in Figure

6.7.

= Testing Steps

Connect Vee pin to power supply of 5 volts, and Vss to ground of 0
volt.

Connect all encoder inputs to ground (0 volt), since they are active
low.

Then connect the third output of the encoder to cathode side of the
LED.

Connect the anode side of the LED to the power supply.

If the LED is on then it works properly.

Figure 6.7: 74LS148 Encoder Testing
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6.2.6 DC Motor Testing

Using power supply (5 volts) or any battery, to test the motion of DC

Motor, As shown in Figure 6.8.

= Testing Steps

1.
2.
3.
4.

Connect the positive side of battery to one terminal of the DC motor.
Connect the negative side of the battery to the other motor terminal.

Then motor will move forward.

Then swap the battery leads the motor will move in reverse, the -

frequency that operates this DC motor is shown in the oscilloscope.

Figure 6.8: DC Motor Testing
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62.7 H-Bridge Testing

H-bridge circuit is used to test H-bridge component, as shown in
Figure 6.9, which help us to understand the operation of H-bridge, control A and B in

H-bridge determine if it works correctly or not.

s Testing Steps

1. Generate a square wave using Function Generator.

2. Build H-bridge circuit as shown in Figure 6.9.

3. Connect one terminal of Function Generator to the input A, and the
other to input B.

4. Then the motor should run in one direction.

5. Swap the inputs A and B, then motor should run in the opposite

direction, if it does not run, or if it runs very slowly, and then it

doesn't work properly.

Figure 6.9: H-bridge Testing
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6.2.8 LCD Testing

Testing LCD Display done in an easy way to determine if it works correctly

or not as shown in Figure 6.10.
= Testing Steps
1. Connect Vec of LCD to the power supply of 5 volts.

2. Connect Vss of LCD to the ground of 0 volt.
3. If the LCD is on, then it works correctly.

Figure 6.10: LCD Testing

6.2.9 Seven Segment Testing

Determine if the seven segment display work correctly or not by building the
circuit in the Figure 6.11, then record its readings to determine if the result is correct

or not.
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s Testing Steps

Connect pin 3 to power supply since it is a common anode.
Connect all inputs in series with resistors.
Connect b, and ¢ pins to ground (since they are active low).

Connect the other to power supply.

A R ol DA

Then the result will be displayéd on the seven segment number 1, if

not it doesn't work correctly.

Figure 6.11: Seven Segment Testing

6.2.10 PIC18F4520 Testing

6.2.10.1 PIC18F4520 Ports Testing

Testing PIC Ports done by writing a simple code that tests if the ports works

correctly or not.
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Using the following code, the output will be all ones in all ports if an input
pin is 0, as shown in Figure 6.12, RBO is an input connected to switch, all other pins
are work as output and connected to LEDs if all LEDs are on then it performed

correctly.

s Testing Code

void main (void)

TRISA=0;

TRISB=0x01;
TRISC=0;
TRISD=0;
TRISE=0;
While(1)

if(PORTBbits.RB0O==0)

PORTA=255;
PORTB=254;
PORTC=255;
PORTD=255;
PORTE=15;

Figure 6.12: PIC18F4520 Ports Testing -
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6.2.10.2 PIC18F4520 Internal Oscillator Testing

PIC18F4520 can be used either with external or internal oscillator, in this
system internal oscillator is used of 4 MHz frequency for two reasons, the first one is
to be suitable for the applications that are running depending on timers to give the
required delays, the second one is to use less number of T\O lines; since using
external oscillator will consume RA6 and RA7 which are needed to be used as I/O

lines in the system.

To test internal oscillator writing a specific code, this code use instructions
that allows using internal oscillator, also allows viewing the frequency of this
oscillator in both pins RA6 and RA7, in this code the system can determine specific

frequency to ﬁse in the range 1 to 8 MHz (in this code using 4 MHz).

After loading the testing code on PIC18F4520, then connect Vpp to power
supply, Vss to ground, and RAG, RA7 to the terminals of oscilloscope to se€ the
frequency, as shown in Figure 6.13.

As shown in Figure 6.13 the frequency of this square wave is 1 MHz
(1/500ns), which is the value of the internal oscillator divided by 4.
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= Testing Code

// use internal oscillator

#pragma config OSC = INTIO?7

void main(void)

{
//set internal clock to 4MHz, bit6, 5=1, bit4=0
OSCCON=0SCCON | 0b01100000;
OSCCON=0SCCON & 0b11101111;

Figure 6.13: Internal Oscillator Frequency

6.3 Subsystem Testing

6.3.1 Parallel Programmer Testing

Testing this programmer is done by building the circuit shown in Figure 6.14,
and connects PIC18F4520 to it, then run WinPIC800 software to load a simple code
for testing.
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Figure 6.14: Parallel Programmer Testing

6.3.2 DAQ and PIC18F4520 Testing

Testing the operation of DAQ by sending specific values to PIC18F4520
from LabVIEW, that turns LEDs on or off as shown in the Figure 6.15.

Figure 6.15: DAQ and PIC18F4520 Testing
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6.3.3 Traffic Light Experiment

Testing this experiment depends on the circuit that is shown in Figure 4.9
That must be built, then the code is written and downloaded in order to test if this

experiment works or not, testing code is shown in Appendix B.

This experiment uses timer0 to generate the required delays for each

sequence of traffic light operation.

Figure 6.16: Traffic Light Experiment Testing

6.3.4 Music Tones Generation Experiment

Testing this experiment depends on the circuit that is shown in Figure 4.10
that must be built, then the code is written and downloaded in order to test if this

experiment works or not, testing code is shown in Appendix B.
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This experiment uses timer1 to generate the square wave for each tone.

Figure 6.17: Music Tones Generation Experiment Testing

6.3.5 Two Digit Timer Experiment

Testing this experiment depends on the circuit that is shown in Figure 4.11
that must be built, then the code is written and downloaded in order to test if this

experiment ‘works or not, testing code is shown in Appendix B.

Figure 6.18: Two Digit Timer Experiment Testing
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6.3.6 DC Motor Experiment

Timer2 can produce a timed sequence of pulses in (PWM) and this is a
common approach used to control the torque of a DC motor, and some transistor
driver circuits. These drivers will deliver enough current to control a small DC

motor.

« The system needs a 20kHz PWM period

o PIC18F4520 internal oscillator = 4 MHz thus Fosc/4 = 1MHz.

e To have a full resolution (10-bit) we must choose the biggest
value for the 8-bit period register.

o If we choose OxFF, the clock frequency will be divided by 256 to
obtain the Timer2 frequency.

e Then calculate the prescaler :

(1000000/ 256) / 20000 = 0.1953 < 4
e Then calculate if the result prescale is true or not, according to

Timer2 counter register:
(1000000/ 4) / 20000 = 12.5 <256

Figure 6.20: DC Motor Experiment Testing
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6.3.7 LCD Voltme“tyc‘i;i‘VExperiment

Testing this experiment depends on the circuit that is shown in Figure 4.12
that must be built, then the code is written and downloaded in order to test if this

experiment works or not, testing code is shown in Appendix B.

Figure 6.19: LCD Voltmeter Experiment

6.4 System Simulation

6.4.1 PIC18 Simulator IDE

It is a powerful application that supplies PIC18 developers with user-friendly
graphical development environment for Windows with integrated simulator
(emulator), Basic compiler, assembler, disassembler and debugger, which support

system's PIC version.
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This System uses PIC18 Simulator IDE for testing system expetiments codes,

since of its powerful features, for more details see appendix C.

6.4.2 Traffic Light Experiment Simulation

Using PIC18 Simulator IDE that simulates each code that is written to be
loaded to PIC18, the system uses this program to test and generate the simulation

copy of traffic light experiment.

As shown in Figure 6.22 the simulation figure contains the output of this
experiment, which contains the true sequence of traffic light operation that is

displayed on 8 x LED board and indicates that the result is true.
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Figure 6.22: Traffic Light Experiment Simulation
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6.4.3 Music Tones Generation Experiment Simulation

The system uses PIC18 Simulator IDE program to test and generate the

simulation copy of music tones generation.

The simulation figure contains the output of this experiment, that indicates
Figure 6.23
shows the frequency of DOH tone, Figure 6.24 shows the frequency of FAH tone.

the square wave of each tone which is displayed on the Oscilloscope,

Settings Mode - Zoom.

sOnTop ™ Refresh

[ {inactive)
T Pudi-ip

* Close i

Figure 6.23: DOH Tone Simulation
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Figure 6.24: FAH Tone Simulation

6.4.4 Two Digit Timer Experiment Simulation

The system uses PIC18 Simulator IDE program to test and generate the

simulation copy of timer that counts from 0.0 to 9.9.

The simulation figure contains the output of this experiment, that contains

two seven segments which display the timer count, Figure 6.25 shows the status of

timer when clear button is pressed, Figure 6.26 shows the timer count at 2.5 sec.

150



: Seidp 7 . Sétup

T‘“ Alwayé Gn T‘o‘p‘ T“ Kéep Last D‘is'pla:y -

Figure 6.25: Clear Timer Simulation

Setup | Setup. | Setup !
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Figure 6.26: Timer Simulation

6.4.5 DC Motor Experiment Simulation

The system uses PIC18 Simulator IDE program to test and generate the
simulation copy of DC Motor.
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The simulation figure contains the output of this experiment, which contains

the PWM signal, which is displayed on the oscilloscope; Figure 6.27 shows the

square wave of PWM signal of frequency 20 KHz.

Figure 6.27: DC Motor Simulation
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7.3 Problems

Chapter Seven

Conclusions and

Futuré Works
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Chapter Seven

Conclusions and Future Works

7.1 Introduction

This chapter introduces some significant points about the way of
continuing do more and more in the field of the system concepts or tools. Also, it
represents the conclusions extracted during designing and implementing it. The

chapter illustrates the system implementation achievements and output.

7.2 Conclusions

‘Many experiences Were added to the team cognitive knowledge through this
project. Many conclusions can be stated here, but only significant and important ones

are described here:

e In this project, we implement a complete training environment of PIC
microcontroller under the control of LabVIEW-based GUL We built
several experiments to reach our goal which are traffic light, DC
Motor, Two digit timer, Music Tones Generation and LCD voltmeter.
Also, we create a complete LabVIEW environment with suitable GUI
to control these experiments by run or reset each of them. So the
integrated system will provide the student with a complete PIC

environment to execute experiments.
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We learn how to combine all the knowledge that we have taken in the
previous years in a practical way to help us in solving problems in our

project.

How to work as a team is a great principle that we learn in order to

success in any project.

For programming thePIC18f4520 microcontroller, we used MPLAB
IDE program with MPLAB ICD2 debugging and programming

device.

The microcontroller can be programmed in different languages using
MPLAB IDE, the language we used is C++. So all programs are
written in C++ and downloaded on the microcontroller using the

ICD2 connector.

How to solve problems, is also an important side in this project, as the
MPLAB ICD2 in-circuit debugger was damaged and no way to get
another one in limited time, we decided to implement a programming

circuit instead of this damaged tool.

Also, how to combine hardware with software in order to implement

an embedded system is a good idea to develop different applications.

LabVIEW, is a powerful program that can help students in performing

many applications in an easy way.
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7.3 Problems

System completion in regard to its objectives is an implementation dependent
issue. Problems are natural things. Skipping these problems is a success. No
degradation affects the system if problems appear. Here are problems faced the

project team during the system implementation:
Hardware Problems

e Delivering parts is the first main problem since PIC15F4520 was not

available in Hebron, not a little time was wasted while waiting them.

e Damaging of the MPLAB ICD2 In-Circuit debugger was a big problem
that we faced, since no spare on was available in the university, and the
security rules of Israel prevented any company there to sell this tool to
any Palestinian organization and because of time limitation, we can't

wait 8 weeks till it arrives!

o Limitations in the number of the available DAQ lines, forced us to
reduce the number of experiments also made the feedback operation to0
hard.

Software Problems
e In PIC 18F4520 programming a lot of considerations should be taken

in using the analog and digital ports, the values given to special

purpose registers and others. So during writing and running the

156

iU



programs on the microcontroller we faced some initialization and

declaration problems.

In LabVIEW, we faced many problems such as making events, using
multiple DAQs in the same environment... All this problems required

an additional effort from us in order to solve them.

LabVIEW as a laboratory virtual instrument doesn’t have the ability
to implement a- programmer, since it doesn’t support the

implementation of some major components such as linker and loader.
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7.4 Future Works

If we had the opportunity to develop this project we would implement the

following improvements:

o Increasing the number of experiments in our embedded system will

improve this system greatly.

e Implemented a driver in LabVIEW that download programs directly on

the PIC microcontroller we be noticeably different.
e Making a feedback system that takes the output of the experiments and

displays them in LabVIEW using an advanced DAQ with more 1/O

lines, will be a good improvement.
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Block diagram

Front Panel

Data flow

NI-DAQ

CBL

NI

DAQ

Pictorial description or representation of a program or
algorithm. It consists of executable icons called nodes and
wires that carry data between the nodes, also it is the source
code for the VL.

Interactive user interface of a VI, it's appearance imitates

physical instruments such as oscilloscope and multimeters.

Programming system that consists of executable nodes that

execute only when they receive all required input data, and
produce output automatically when they execute. LabVIEW is

a data flow system.

Software driver included with all NI measurement devices. It
is an extensive library of VIs and functions that you can call
from an Application Development Environment (ADE), such
as LabVIEW to program all the features of the NI
measurement device, such as acquiring, configuring,

generating and sending data from and to devices.
Computer-based Learning

Virtual Instrument

National Instruments

Data Acquisition card
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ADC

TTL

Sec

LCD

PWM

PIC

LabVIEW

IDE

ICD

DC

Analog to Digital Converter

Transistor-transistor Logic

Hertz

Second

Liquid Crystal Display

Pulse Width Modulation

Peripheral Interface Controller

Laboratory Virtual Instrument Engineering Workbench

Integrated Development Environment

In-circuit Debugger

Direct Current




Appendix B

Source Code




// Main File Code

#include <p18f4520.h> -
#include <adc.h>

#include <timers.h>

#include <applications.h>

// use internal oscillator
#pragma config OSC = INTIO67

//MCLR pin enabled; RE3 input pin disabled
#pragma config MCLRE = ON

//no use of debugger RB6 and RB7 configured as general purpose 1/0 pins
#pragma config DEBUG = OFF

/mo Watchdog, no low voltage programming
#pragma config WDT = OFF
#pragma config LVP = OFF

//PORTB<4:0> pins are configured as digital /O on Reset
#pragma config PBADEN=OFF

void main(void)

{
int app=0;
int d;

//set internal clock to 4MHz , bit6,5=1,bit4=0
OSCCONbDits.IRCF0=0;
OSCCONDbits.IRCF1=1;
OSCCONDits.IRCF2=1;

ADCON1=0x0E;

TIMRO_Initialize();

TIMR2_Initialize();

TIMR1_Initialize();

ADC_Initialize();

PORTE_Initialize();

while(1)
{

// determine which application will be executed.
app=PORTE && 0b00000111;

switch(app)

// disable all apllications
case 0:

il



Disable_Applications();

break; .
¥
// traffic light
case 1:
{
Traffic_Light Initialize();
Traffic_Light();
break;
¥
// sound generation music tones
case 2:
Sound Generation_Initialize();
Sound_Generation();
break;
}
/1 0.0 - 9.9 second timer
case 3:
{
Timer_Initialize();
Timer();
break;
}
// LCD voltmeter
case 4:
{
Volt LCD_Initialize();
ADC();
break;
}
/1 DC motor
case 5:
{

DC_Motor_Initialize();
d=PORTCDbits.RC3;
if(d==0) .

/! move Backward

DC_Motor(100,B");
else

if{d==1)

/! move forward

DC_Motor(100,'F");




break;

}// end switch.

}// end while loop
CloseADC(); // Disable A/D converter
CloseTimer0(); // Disable timer 0
CloseTimer1(); // Disable timer 1
CloseTimer2(); // Disable timer 2

3

// Application File Code

#include <p18f4520.h>
#include <delays.h>
#include <timers.h>
#include <pwm.h>
#include <xlcd.h>
#include <adc.h>

void Disable_Applications(void)

{

3

//disable traffic light application;
// disable seven segmants of timer application.
PORTD=0b11000000;

//disable sound generation application
PORTCbits.RC4=1;

//disable LCD
OpenXLCD(FOUR_BIT & LINES 5X7);
WriteCmdXLCD(DOFF);

//disable DC motor
PORTCbits.RC0=0;
PORTCbits.RC1=0;
TRISCbits. TRISC3=0;

void Delay(int value)

WriteTimerO(value);
while(INTCONbits. TOIF==0);



INTCONDits. TOIF=0;

}
void Delay2(int value)
WriteTimerl (value);
while(PIR 1bits. TMR 11F==0);
PIR 1bits. TMR11IF=0;
}
void PORTE _Initialize(void)
{
TRISEDbits. TRISEO=1;
TRISEbits. TRISE1=1;
TRISEDbits. TRISE2=1;
}
void TIMRO Initialize(void)
{
OpenTimer0(
TIMER_INT OFF &
TO_16BIT &
TO _SOURCE INT &
TO PS 1 256 );
}
void TIMR2_Initialize(void)
{
OpenTimer2(
TIMER_INT OFF &
T2 PS 1 1&

T2 POST 1 1 );

}
void TIMR1 _Initialize(void)
{
OpenTimer1(
TIMER INT ON &
T1_16BIT RW &
TIPS 14 );

// enable interupt when overflow.

//PIETbits. TMRIIE=1;

// Prescale 1:4




void Trafﬁc_Light_mitialize(void)
{
// Disable all other applications
Disable_Applications();

//enable leds on PORTD(0-5)for traffic light application.

// and disable all other potts.
TRISD=TRISD && 0b11000000;

}

void Traffic_Light(void)
{

PORTD=0b11100001;
Delay(6942);

PORTD=0b11010001;
Delay(57724);

PORTD=0b11001011;
Delay(57724);

PORTD=0b11001100;
Delay(6942);

PORTD=0b11001010;
Delay(57724);

PORTD=0b11011001;
Delay(57724);

3

void Sound_Generation_Initialize(void)

{

Disable_Applications();

// initialize PORTC as input form switches
// and one out put to speaker.
TRISC=TRISC | 0b11100000;
TRISC=TRISC & 0b11101011;
PORTCbits.RC4=0;

void Sound_Generation(void)

{

e



int tone=0;
tone=PORTC & 0b11100000;

switch(tone)
{
case 0:
{
while(tone==0)
{
PORTCbits.RC2=0;
tone=PORTC & 0b11100000;
3
break;
}
~ // DOH note
case 32:
{ .
while(tone==32)
PORTCbits.RC2=0;
Delay2(65059);
PORTCbits.RC2=1;
Delay2(65059);
tone=PORTC & 0b11100000;
}
PORTCbits.RC2=0;
break;
}
JIRAY
case 64:
{
while(tone==64)
PORTCbits.RC2=0;
Delay2(65111);
PORTCbits. RC2=1;
Delay2(65111);
tone=PORTC & 0b11100000;
}
PORTCbits.RC2=0;
break;
¥
/IME
case 96:
{



PORTCbits.RC2=0;
Delay2(65251);
PORTCbits.RC2=1;
Delay2(65251);
tone=PORTC & 0b11100000;

}
PORTCbits.RC2=0;

break;
}
/ITE
case 224:
{
while(tone==224)
PORTCbits.RC2=0;
Delay2(65283);
PORTCbits.RC2-1;
Delay2(65283);
tone=PORTC & 0b11100000;
}
PORTCbits.RC2=0;
break;
¥
}//end switch.

3
void Timer Initialize(void)
{
. Disable_Applications();

// initialize PORTB as output for seven segmants.
TRISB=0b00000000;

}
int ASCIL_Table(int value)

if(value == 0)
return 0xCO;

else if(value == 1)
return 0xF9;

else if(value == 2)
return 0xA4;

else if(value == 3)
return 0xBO;



3

else if(value = 4)
return 0x99;

else if(value == 5)
return 0x92;

else if(value == 6)
return 0x82;

else if(value == 7)
return 0xF8;

else if(value == 8)
return 0x80;

else
return 0x90;

void Timer(void)

{

int TIMER=0x00,temp1=0x00,temp2=0x00;
int TIM018=0;

/lclear timer.

PORTB=0xFF;

// input
TRISDbits. TRISD6=1;
TRISDbits. TRISD7=1;

/] delay 2microsecond.
Delay1 KTCYx(2);

// if RD6 switch pressed then clear timer.
if(PORTDbits.RD6==0)
PORTB=0xFF;

//if RD7 switch pressed then increment counter
if(PORTDbits. RD7==0)
{
TIMER++;
// convert from Hexdecimal to decimal(DAA)
templ1=TIMER && 0x000F;
templ1=9-templ;

if(temp1<0)

i



while(tone==96)

{

PORTCbits.RC2=0;
Delay2(65138);
PORTCbits.RC2=1;
Delay2(65138);

tone=PORTC & 0b11100000;

}

PORTCbits.RC2=0;
break;

/IFAH
case 128:

{
while(tone==128)

PORTCbits.RC2=0;

Delay2(65179);
PORTCbits.RC2=1;

Delay2(65179);

tone=PORTC & 0b11100000;

}
PORTCbits.RC2=0;
break;

//ISOH
case 160:

while(tone==160)

PORTCbits.RC2=0;

Delay2(65216);
PORTCbits.RC2=1;

Delay2(65216);

tone=PORTC & 0b11100000;

}
PORTCbits.RC2=0;
break;

/ILAH

case 192:

{
while(tone==192)

{

1]
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TIMER+=6;

temp2=TIMER && 0x00F0;
temp2=temp2>>4;
temp2=0x0009-temp2;

if(temp2<0)

TIMER+=0x0060;

// display value in timer on seven segments.
TRISDbits. TRISD6=0;
TRISDbits. TRISD7=0;

// disable seven segments.
PORTDbits.RD6=1;
PORTDbits.RD7=1;

// 0.1 second counter

TIMO01S=10;
while(TIMO1S)

temp1=TIMER && 0x000F;
PORTB=ASCII Table(templ);

// enable CAl
PORTDbits.RD6=0;

//delay 5ms
Delay(65516);

//Turmn off portb
PORTB=0xFF;

//disable CAl
PORTDbits.RD6~1;
temp2=TIMER && 0x00F0;
temp2=temp2>>4;

temp2=ASCII_Table(temp2);

// display decimal point
temp2=temp2 && 0b01111111;
PORTB=temp2;

// enable CA2
PORTDbits.RD7=0;

//Turn off portb

PORTB=0xFF;

//disable CA2
PORTDbits.RD7=1;

m



TIMO1S--;

void ADC_Initialize(void)
{

OpenADC(ADC_FOSC_ 8 &

ADC_RIGHT JUST &

ADC_8 TAD,

ADC CHO &

ADC_INT OFF & ADC_VREFPLUS_VDD & ADC_VREFMINUS_VSS,
14); :

}

void LCD_Initialize(void)

Disable_Applications();
OpenXLCD(FOUR_BIT & LINES_5X7);
TRISA=0b00000001; // input to analog signal

}

void ADC(void)
{

int result;
LCD_Initialize();

// set +Vref to Vdd and -Vref to Vss
//ADCONI=ADCON1 && 0b11001111;

Delayl10TCYx( 5 ); // Delay for S0TCY
ConvertADC(); // Start conversion

while( BusyADC() ); // Wait for completion
result = Read ADC(); // Read result

result=result*5/1024;

while(BusyXLCD ());

WriteDataX LCD(result);

R



void DelayFor18TCY( void )

{
Nop();
Nop();
Nop();
Nop();
Nop();
Nop();
Nop();
Nop();
Nop();
Nop();
Nop();

} Nop();

void DelayPORXLCD (void)

{

Delayl KTCYx(15); // Delay of 15ms
// Cycles = (TimeDelay * Fosc) / 4

// Cycles = (15ms * 16MHz) / 4

// Cycles = 60,000

return;

3

void DelayXLCD (void)

{

Delay 1 KTCYx(5); // Delay of 5ms
// Cycles = (TimeDelay * Fosc) / 4
/ Cycles = (5ms * 16MHz) / 4

// Cycles = 20,000

return;

}

void DC_Motor_Initialize(void)

{

Disable_Applications();
// PORTC (RCO,RC1,RC3)

// use RC3 to detrmine the direction Backward or forward
TRISCbits.TRISC3 =1;

/! Use of CCP1 as PWM module at ~20kHz
OpenPWM1(100);

/! Set 0% duty cycle to PWMI1

"



SetDCPWM1(0);

// Make RCI (right pwm) an output
TRISCbits. TRISC1 = 0;

/] Make RCO (right sign) an output
TRISCbits. TRISCO = 0;

}

void DC_Motor(unsigned int speed,char dir)
{

if (dir="B")

PORTCbits.RCO =0;
SetDCPWM1(speed);

if (dir="TF")

PORTCDbits.RCO =1;
SetDCPWM1(speed);

3
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e MPLAB IDE

MPLAB IDE is a software program that runs on a PC to develop
applications for Microchip microcontrollers. It is called an Integrated Development

Environment, or IDE, because it provides a single integrated "environment" to

develop code for embedded microcontrollers.

Microchip development tools consists of the following

e MPLAB IDE: Integrated Development Environment (IDE).

e MPLAB C18: C compiler.
MPLAB ICD2: Programmer & Debugger tool.

Each one of this tools is used for specific operation, in this system all of these

tools are be used.

First, run MPLAB IDE, create a project with spéciﬁc name in specific
location, open new text editor window to write the code, attach files (headers, linkers
and other library that are been used) to the project which they are added to the

project window as shown in the following figure.

n
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Second, compile the project using MPLAB C18 and C compiler, which build
an executable file for the microcontroller, in machine language (assembly language),

and hex file.

Finally, Program the PIC microcontroller using MPLAB ICD2, then the PIC

microcontroller will execute the instructions one after each other.

The organization of MPLAB IDE tools by function helps make pull-
down menus and customizable quick keys easy to find and use. MPLAB IDE tools

allow you to:
« Create and Edit Source Files
» Group Files into Projects
« Debug Source Code
« Assemble, compile, and link source code
« Debug the executable logic by watching program flow with the simulator,
or in real time with the MPLAB-ICE emulator
» Make timing measurements

e View variables in watch windows

« Find quick answers to questions from the MPLAB IDE on-line Help and

much more.

m
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e WinPIC800

This software is supported with parallel programmer, which is used to
download hex code to PIC microcontroller; it supports PIC18 versions when the user

chooses setting up hardware as ProPIC2 as shown in the following figure.

Selection of hardware If0 Bits to port

GIP-Lite ; Blockade configuration
GTP-USB [Plus] '
JODH Programmer
Pablin

PG3B
Pic_School
Pic800
PicBurner
Polivalente

SRR

ReRo)
1
=

&

oo

‘mmAa
S T
e

O

dula g ° TR dmdr T
k ‘_‘___Ef_l_‘ffi__j Apply edits

Figure: WinPIC800 Hardware settings

This software can only download hex code.

WinPIC800 software has the ability to:

e Read the hex code that already downloaded on the PIC and %

il
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display the code the user

Program the PIC.

Verify the code that downloaded on the PIC for the purpose of
programming. %

Erase the code that is on the PIC.

As shown in Figure 5.3 WinPIC800 shows program memory of PIC

microcontroller after erasing memory. e

© % % % |mcaw BT @
| 5 & & [1eras20 I~ ®

' Cg code i3 pata

loxo000: FFFF FFFF FFEF FFFF FFFF FFFF FFFF FFFF
0x0006: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
Ox0010: FFFF FFFF FFFF FFFF FFFF FFFF FFEF FFEF .
0x0018: FFFF FFFF FFFF FFFF FFFF FFEF FFFF FFFE . ocarsssnsnsans

0x0020: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ke ma e m e
{00028 : FFFF FFFF FFFF FFFF FEFF FFFF FFFF FFFF ........--- R —
0x0030: FFFF FFFF FFFF FFFF FFEFF FFFF FFFF FEFF v oeccccananvens
Ox0038: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFEFF ... TR .
Ox0040: FFFF FFFF FFEFF FFFF FFFF FFFF FFFF FEEFF ..ocesnnsnnvoas “nas
0x0048: FFEFF FFFF FFFF FFFF FFFF FFEF FEFF FEFF . ..ccvvcvcccanen
Ox0050: FFFF FFEF FFFF FEFF FFEFF FFFF EFFF FFFE . ...cnccnnscnnns
l0x0058: FFFF FFFF FFEFF FEFF FEFF FFFF FEFF FFFE c.icnnarsansnnnnns

loxon60: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFEF ........ hemem e
Haﬂ#ﬁﬁbﬁélLPT{ e R R

Figure: WinPIC800 window
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e PIC18 Simulator IDE

Is powerful application that supplies PIC18 developers with user-friendly
graphical development environment for Windows with integrated simulator
(emulator), Basic compiler, assembler, disassembler and debugger, which support

system's PIC version.

s  PIC18 Simulator IDE Main Features

1. Main simulation interface showing internal microcontroller architecture
e FLASH program memory editor.
e EEPROM data memory editor.

e Hardware stack viewer

2. Microcontroller pin out interface for simulation of digital 1/O and analog

inputs.
3. Breakpoints manager for code debugging with breakpoints support.

4. PIC18 assembler, interactive assembler editor for beginners, PIC18

disassembler.

5. Powerful PIC18 Basic compiler with smart Basic source editor
e PIC18 Basic compiler features: high level language support for using
internal EEPROM memory, using internal A/D converter module,
using interrupts, interfacing character LCDs, and using internal PWM

modules.

i



6. LCD module simulation interface for character LCD modules.

7. Oscilloscope and signal generator simulation tools.
8. 7-segment LED displays simulation interface.
9. Support for external simulation modules.

10. Extensive program options, color themes.
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Low-Cost E Series Multifunction DAQ
12-Bit, 200 kS/s, 16 Analog Inputs

NI 6023E, NI 6024, NI G025E

@ 16 analog inputs at 200 kS/s,
12-bit resolution

e Up to 2 analog outputs,
12-bit resolution

o 8'digital 1/O lines (5 V/TTL/CMOS);
two 24-bit counter/timers

» Digital triggering

e 4 analog input signal ranges

o NI-DAQ driver simplifies
configuration and measurements

Operating Systems

& Windows 2000/ NT/XP/Me/9x

e Mac 0S 9*

o Real-time performance with-
LabVIEW (page 134)

e Others such as Linux (page 187)

Recommended Software
o LabVIEW.

e LabWindows/CVI

e Measurement Studio

Models for Visual Basic
o NI PCI-6023E e VI Logger
e NI PCI-6024E
NI DAQCard-6024E for PCMCIA ?f,'f:;afga";l“cat'b'e Software
o NI PCI-6025E oy
o NI PXI-6025E :
o : Driver Software (included)
s NI-DAQ

Calibration Cam‘?mate Included

. *See ordering information See page 21

Overview and Applications
National Instruments 6023E, NI 6024E and NI 6025E devices use
E Series technology to deliver high performance, reliable data
acquisition capabilities. These devices are used in a broad variety
of applications including:
e Continuous high-speed data logging at up to 200 kS/s
o Externally timed and/or triggered data acquisition
e High-voltage and sensor measurements when used with

NI signal conditioning (see page 244)
o High-channel-count system scalability with RTSI or PXI trigger bus

Features

NI 6023E, NI 6024E, and NI 6025E devices feature a highly precise
voltage reference used during self-calibration. A simple software call
initiates self-calibration, which minimizes errors caused by
temperature drift and time. These devices feature the NI-PGIA, which
is an instrumentation-class amplifier that guarantees settling times at
all gains. Typical commercial off-the-shelf amplifier components
might not meet the settling time requirements for high-gain
measurement applications. Without the NI-PGIA, 12-bit devices with
a 100X gain can have an effective resolution of only 10 bits. For a full
description of NI accuracy advantages, see page 188. These devices

| NI 6023& PC
NI 6024E PCI, PCMCIA
NI 6025E PCI, PXI

16 SE/8 DI
16 SE/8 DI
16 SE/8 DI

12 hits
12 bits
12 bits

200 kS/s
200kS/s.
200 kS/s

1kS/s maximum for DAQCard-6024E in all cases.

-~ +0.06t0+10V = = = s
+0.05t0£10V 2

+0.05t0+10V 2
10 kS/s maximum when using the single DMA channel for analog autput. 1 kS/s maximum when using the single DMA channel for either analog input or counter/timer operations.

offer several methods for connecting
your signals including a differential
mode for eight Al channels and
maximum noise elimination, as well as
referenced and nonreferenced single-
ended mode for 16 Al channels.

NI 6023F, NI 6024E, and NI 6025E
devices feature digital triggering, and
two 24-bit 20 MHz counter/timers.
NI 6023E and NI 6024E devices feature
eight digital /O lines compatible with
both 5V TTL and CMOS while NI 6025E
devices feature 32 digital /O lines.
NI 6024E and NI 6025E devices feature two 12-bit analog outputs.

INFQ CODES
‘For'more information,
or to order products
online: visit a#i.com/info
and enter:

Eé! |14 @NL!NE !

For a detailed list of differences between Performance E Series and
Low-Cost E Series, see Table 1 on page 191.

Driver Software

NIDAQ is the robust driver software included with all National Instruments
data acquisition and signal conditioning products. This easy-to-use software
tightly integrates the full functionality of your DAQ hardware to LabVIEWV,

2, 24-bit
2, 24bit
2, 24-bit

Digital
Digital -
Digital

H0V 8
a0V R

12 bits
12 bits

10 kS/s!
10kS/s'

Table 1. NI 6023E, NI 6024E, and N! 6025F Channel, Speed, and Resolution Specifications (see page 233 for detailed specifications)
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Low-Cost E Series 12-Bit Multifunction DAQ
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Low-Cost E Series Multifunction DAQ
12-Bit, 200 kS/s, 16 Analog Inputs

00914 638 .~ ges 000 . 16504 . 5800 1280

00314 3200 190 0AB8 00005 oo 5263 . 28500 - 0642

; 2 o034 030 019%  0p9 o0 08 02% 0084

005 . 005 . 00872 . 00914 0054 . 0063 0006 gool0 . oie . 0O73 o 0.008
Note: Accuracies are valid for measurements following an internal E Series Calibration. Averaged numbers assume dithering and averaging of 100 single-channel readings. Measurement accuracies are listed for

operational temperatures within +1 °C of internal calibration temperature and =10 °C of external or factory-calit p One-year calibration interval ded. The Absolute Accuracy at Full Scale
calculations were perfarmed for a maximum range input voltage {for example, 10V for the £10 V range) after ane year, assuming 100 pt averaging of data. See the overview on page 194 for example calculations.

Table 2. Ni 6023E, PCI-6024E, and NJ 6025F Analog Input Accuracy Specifications

o5 405 0wz 0094 008 i G oo 00
Note: A ies are valid for i internal E Series Calibration. Averaged numbers assume dithering and averaging of 100 single-channel readings. Measurement accuracies are listed for
operational temperatures within +1 °C of internal calibration temperature and +10 °C of external or factory p One-year calibration interval ded. The Absolute Accuracy at Full Scale
calculations were performed for a maximum range input voltage (for example, 10V for the +10 V range) after one year, assuming 100 pt averaging of data. See the overview on page 194 for example calculations.

o063 00w oo Omg o073 0009

Table 3. DAQCard-6024F Analog Input Accuracy Specifications

o0 0 o7 00197 0023 e 8127
Note: Temp Drift applies only if ambient is greater than 10 °C of previous external calibration. See page 194 for example calculations.

Table 4. PCI-6024E, and NI 6025 Analog Output Accuracy Specifications

10 00 08177 0.0197 00219 = 837 00005 10.568
Note: Temp Drift applies only if ambient is greater than £10 °C of previous external calibration. See page 194 for example calculations.

Table 5. DAQCard-6024F Analog Output Accuracy Specifications

LabWindows/CVI, and Measurement Studio for Visual Basic. High- Ordering, Infnrmation

performance features include multidevice synchronization, networked NI PCI-8023E ............ G 777742-01
measurements, and DIMA data management. Bundied with N-DAQ, the NI PCIB02AE /0. i il 777743-01
Measurement & Automation Explorer utility simplifies the configuration NI DAQCard¢6024E‘ .......... S E e 778269-01
of your measurement hardware with device test panels, interactive NIEPCIFB025E" .iviiviiiiniiiiiiaivis S '....77774401 :
measurements, and scaled /O channels. NI-DAQ also provides numerous NI PXI-BOZSE‘ ik 77779801
example programs for LabVIEW and other application development Includes NEDAQ driver software. | '

TWindows only. :

environments to get you started with your application quickly. : X ; :
For information on extended warranty and value-added

services, see page 20.

Related Products . sos. meo. A0
For related products, please refer to: ‘Recomme“ded Configurations
® SCXI Signal Conditioning — page 246 _ 1 Aveesso J
e SCC Signal Conditioning — page 320 : :\f BDZBE Pt:l 9232 e ‘C:ggstgt;nmggli i 6

. . | 6024E  PCL-6024 BLP (77714 ' Fi6ess (182462:01)
¢ Analog Output Multifunction DAQ - page 365 : DAQCard-6024E ~ CB6BLP(77714501) RCG8-68(18725201)
e High-Speed Digital I/O - page 378 NIB0Z5E - PCI60Z5E Two CB-50LPs (777101-01) - R1005050 (182762-01)

. PXIBOZSE - TwoCB-S0LPs{777101-01)  R1005050 (182762-01)

See page 221 for connector diagrams. For E Series accessory and cable information, see page 221.

See page 233 for detailed specifications.
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]



-

Multifunction DAQ Overview

=

N S —

A

Multifunction DAQ Overview

=
£
=
2
=
=
5 On Selected S
fxs Series Devices
- N e —
[
=] ) -
P Diagram 1. S Series Diagram
=
=
[
(=]
=
[=]

TR o) S

0On Selected E
Series Device:

Diagram 2. E Series Diagram

190 National Instruments © Tel: (800) 433-3488  Fax: (512) 683-9300 ° info@ni.com = ni.com

_ sngJabbuj IXd/ISlY




. Multifunction DAQ Overview

A

3 PSP |

[}

Multifunction DAQ Overview

ioning

t

hY
On Selected S
Series Devices

Diagram 1. S Series Diagram

DAQ and Signal Cond

e o o o et

s
E On Selected E
i
Y

" SngJaBbuL iSIE >

Series Device!

(SR —— -’

\,

Diagram 2. E Series Diagram

190 National Instruments o Tel: (800) 433-3488 © Fax: (512) 683-9300 ° info@ni.com © ni.com

L]

m



' HD44780U (LCD-II)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

Description

" The HD44780U dot-matrix liquid crystal display controller and driver LSI displays alphanumerics,
Japanese kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display

under the control of a 4- or 8-bit microprocessor. Since all the functions such as display RAM, character
generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally
provided on one chip, a minimal system can be interfaced with this controller/driver.

A single HD44780U can display up to one 8-character line or two 8-character lines.

The HD44780U has pin function compatibility with the HD44780S which allows the user to easily
replace an LCD-I1 with an HD44780U. The HD44780U character generator ROM is extended to generate
208 5 x 8 dot character fonts and 32 5 x 10 dot character fonts for a total of 240 different character fonts.

The low power supply (2.7V to 5.5V) of the HD44780U is suitable for any poﬁable'battery-driven
product requiring low power dissipation.

Features

o 5x8and5x 10 dot matrix possible

e Low power operation support:
— 2.7t0 5.5V '

o Wide range of liquid crystal display driver powér
— 3.0to 11V

o Liquid crystal drive waveform
— A (One line frequency AC waveform)

e Correspond to high speed MPU bus interface
— 2 MHz (when V.= 5V)

e 4-bit or 8-bit MPU interface enabled

o 80 x 8-bit display RAM (80 characters max.)

o 9,920:bit character generator ROM for a total of 240 character fonts
— 208 character fonts (5 x & dot)
— 32 character fonts (5 x 10 dot)

167
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HD44780U

e 64 x 8-bit character generator RAM
— 8 character fonts (5 x 8 dot)
— 4 character fonts (5 x 10 dot)
¢ 16-common X 40-segment liquid crystal display driver
e Programmable duty cycles ‘
— 1/8 for one line of 5 x 8 dots with cursor
— 1/11 for one line of 5 x 10 dots with cursor
— 1/16 for two lines of 5 x 8 dots with cursor
e Wide range of instruction functions:
— Display clear, cursor home, display on/off, cursor on/off, display character blink, cursor shift,
display shift
e Pin function compatibility with HD44780S
o Automatic reset circuit that initializes the controller/driver after power on
o Internal oscillator with external resistors

e Low power consumption

Ordering Information

Type No. Package CGROM
HD44780UAQOFS FP-80B Japanese standard font
HCD44780UACO Chip

‘HD44780UAQ0TF TFP-80F

HD44780UAQ2FS ~ FP-80B European standard font
HCD44780UA02 Chip ‘
HD44780UAO2TF TFP-80F

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBxxTF TFP-80F

Note: xx: ROM code No.

168
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HD44780U

HD44780U Block Diagram

0SCt 0sC2 oL
CL2
Reset M
circuit | .
Timing
ACL CPG generator
lns}ruction 7 o
F_ register (IR) L
Mey instructon | | | JeR2Y 166it | Common | GOM16
RS —| inter- decoder ) T
o (DDRAM) L~ shift signal |——*
RW —=| face 80 x 8 bits register || driver
o il
Address 7 : : SEG1 to
counter 8 40-bit 40-bit || Segment | SEG40
7 shift latch signal |}
DB4 to register | | circuit driver
DB7 7
e Input/ D?tta 8
DBO to | output [<>“=| register
DB3 buffer (DR) °
N 8 LCD drive
voltage
Busy selector
flag
Character Character Cursor
generator generator and
RAM ROM blink
(CGRAM) (QCQGZ%%"{‘) controller
GND 64 bytes , its
5 ,ts
: Parallel/serial converter
and |—

attribute circuit
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HD44780U

Character Generator ROM (CGROM)

The character generator ROM generates 5 x 8 dot or 5 X 10 dot character patterns from 8-bit character -
codes (Table 4). It can generate 208 5 X 8 dot character patterns and 32 5 x 10 dot character patterns.
User-defined character patterns are also available by mask-programmed ROM.

Character Generator RAM (CGRAM)

In the character generator RAM, the user can rewrite character patterns by program. For 5 x 8 dots, eight
character patterns can be written, and for 5 x 10 dots, four character patterns can be written.

Write into DDRAM the character codes at the addresses shown as the left column of Table 4 to show the
character patterns stored in CGRAM.

See Table 5 for the relationship between CGRAM addresses and data and display patterns.

Areas that are not used for display can be used as general data RAM.

Modifying Character Patterns
e Character pattern development procedure
The following operations correspond to the numbers listed in Figure 7:

Determine the correspondence between character codes and character patterns.
Create a listing indicating the correspondence between EPROM addresses and data.
Program the character patterns into the EPROM.

Send the EPROM to Hitachi.

Computer processing on the EPROM is performed at Hitachi to create a character pattern listing,
which is sent to the user.

R

6. If there are no problems within the character pattern listing, a trial LSI is created at Hitachi and
samples are sent to the user for evaluation. When it is confirmed by the user that the character
patterns are correctly written, mass production of the LSI proceeds at Hitachi.

180
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HD44780U

e Programming character patterns

This section explains the correspondence between addresses and data used to program character
patterns in EPROM. The HD44780U character generator ROM can generate 208 5 x 8 dot character
patterns and 32 5 x 10 dot character patterns for a total of 240 different character patterns.

— Character patterns

EPROM address data and character pattern data correspond with each other to form a 5x 8 or 5 x
10 dot character pattern (Tables 2 and 3).
Table 2 Example of Correspondence between EPROM Address Data and Character Pattern

(5 x 8 Dots)

EPROM Address

Data

A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 |04 03020100

LSB

o

01100010

o
(=]
o

~+—— Cursor pasition

4 =% 4 4 aa a0 0o 00 o o

e S T = DO =
Bl = T - T N B - T =)
B = T B T U S

O OO0 O O O O 00
o O 0 O O O O 0|0
QO 00O 0O o0 0o oI
o OO0 O O 0O 0o oo
OO‘OOOOOOOO

Character code

Line
position

Notes:

. EPROM addresses A11 to A4 correspond to a character code.

. EPROM addresses A3 to AO specify a line position of the character pattern.
. EPROM data 04 to OO correspond to character pattern data.

. Alit display position (black) corresponds to a 1.
. Line 9 and the following lines must be blanked with Os for a 5 x 8 dot character fonts.
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HD44780U

Table 4 Correspondence between Character Codes and Character Patterns (ROM Code: A00)

e B | B[P s EE
wooot | @ | ] H.“:”l:':lla‘ql o I?H"":l ) q
xxxx0010 <3), ! 2|E:|F';t|“'-! rl"”'!-'l.:":l'ﬁ: -
X001 (4)‘ #IEIE'SII:IS’ i IHJI-?I:E N
oo | |F[FD[TAME] | [~ [I[F[F |
wworot| 0| |2 [SE&]14] = [ATF =[]
—— E:'EIIF“-J"F'I'-.-" 2n-3 A 2
wosf0| | [ P[GIWISw] | [7[F[F[F|gm
o) 0| | CIEHER[=] | [+ [OFIr[
xx00x1001 (2). l'";',]:"‘l'"l":" "'J'*r’-l “l.l - |:I
x001010 (3), *l: ’_TIEIJJEI Il:])l"lfl-" _] F
| 0| |+[FKICKE] | [#[EOF R
wtioo| © | | = LT | 232 m
woion| @ || = | =[] T[] ¥ ] alZ[ o+
worro| m| | o [ [H] 1] 3| B[E[ A

w0 | |TEO]_Jale] | [w[<[7 |5 H]

Note: The user can specify any pattern for character-generator RAM.
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Q MOTOROLA

10- LlNE-TO-4 LINE
AND 8-LINE-TO-3-LINE
PRIORITY ENCODERS

The SN54/74LS147 and the SN54/741.5148 are Priority Encoders. They
provide priority decoding of the inputs to ensure that only the highest order
data line is encoded. Both devices have data inputs and outputs which are
active at the low logic level.

The 1.8147 encodes nine data lines to four-line (8-4-2-1) BCD. The implied
decimal zero condition does not require an input condition because zero is
encoded when all nine data lines are at a high logic level.

The L5148 encodes eight data lines to three-line (4-2-1) binary (octal). By
providing cascading circuitry (Enable Input El and Enable Output EQ) octal
expansion is allowed without needing external circuitry.

The SN54/74L.8748 is a proprietary Motorola part incorporating a built-in
deglitcher network which minimizes glitches on the GS output. The glitch
occurs on the negative going transition of the El input when data inputs 0-7
are at logical ones.

The only dc parameter differences between the LS148 and the LS748 are
that (1) Pin 10 (input 0) has a fan-in of 2 on the LS748 versus a fan-in of 1 on
the LS148; (2) Pins 1, 2, 3,4, 11, 12 and 13 (inputs 1, 2, 3,4, 5,6, 7) have a
fan-in of 3 on the LS748 versus a fan-in of 2 on the LS148.

The only ac difference is that tp| from El to EO is changed from 40 to
45 ns.

SN54/74L.5147
(TOP VIEW)

OUTPUT INPUTS OUTPUT
.y W——
Ve NC D 3 2 1 9

SN54/741.5148
SN54/741L.8748
(TOP VIEW)
OUTPUTS INPUTS OUTPUT
—_——

Vec EO @G 3 2 1 0 A0

[16] [1s5] [14] [43] [12] [41] [w0] [e]
! >_l

EO GS 38 2 1 0

) 4 A0

5 6 7 E A A

r A A A
Ll o] (] Lo [s] Lo [2] [e]
4 5 6 7 El A Al GND

INPUTS OUTPUTS

SN54/74L.S147
SN54/74L.5148
SN54/74L.S748

10-LINE-TO-4-LINE
AND 8-LINE-TO-3-LINE
PRIORITY ENCODERS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

]
N SUFFIX
Y PLASTIC
CASE 648-08

l ' D SUFFIX
16X soic

) CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

]

FAST AND LS TTL DATA
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SN54/74LS147 SN54/74LS148 « SN54/74L.5748

148

SN54/74LS
SN54/74L5147 SN54/74L.5748
FUNCTION TABLE FUNCTION TABLE
INPUTS OUTPUTS INPUTS OUTPUTS
1 2 3 4 5 6 7 8 9}|D C B A El 0 1 3 4 5 6 7|A2 A1 AD|GS EO
H H H HH HH H HIH H H H H X X X X X X X X|{H H H]H H
X X X X X X X X LJ]JL H H L L HHHHHHMHHIH H HIH L
X X X X X X X L HJlL H H H L X X X X X X X bt L LJ]L H
X X X X X X L H H]H L L L L X X X X X X L H}jL L HI}L H
X X X X X L H H HIH L L H L X X X X X L H HJL H LJ]L H
X X X X L H-H H H|{H L H L L X X X X L HHHIL H H]L H
X X X L H H H H H|H L H H L X X X L HHHH|H L LJ]L H
X X L H H H H H H|H H L L L X X L HHHHHIH L HI}L H
X L H H H H H H HIH H L H L X L HHHHHH|H H L}L H
L H H H H HH H H|H H H L L L HHHHHHHIH H HI]L H

H = HIGH Logic Level, L = LOW Logic Level, X = Irrelevant

FUNCTIONAL BLOCK DIAGRAMS

11
U )10
, 12 (1)
— DD . @ 1 >
(13) t
3 —D 1 4>_t12:J
o g i i O e
@) u B ("
S e * $ D D
6 By 1 2 iis URpY
(4) | {6) @
7= c 6 W
) @
8 => 7 4> (6) A2
o (10 I VLI NS ]
SN54/74LS147 SN54/74L5148
FAST AND LS TTL DATA
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Case 751B-03 D Suffix

h : NOTES:
16-Pin Plastic 1. DIMENSIONING AND TOLERANGING PER ANSI
S0O-16 Y14.5M, 1982,
A 2, CONTROLLING DIMENSION: MILLIMETER.
e 3. DIMENSION A AND B DO NOT INCLUDE MOLD

MILUIMETERS INCHES
DIM | MIN | MAX | MIN

H A AR il A A ; 4, Ezg?gﬁ'ﬁ'ém PROTRUSION 0.15 (0.006)
-0 % 5. 751B-01 IS OBSOLETE, NEW STANDARD

P|4&|025(0010)®l B® | 751843,
.35 49 | 0.014

O]
H H_H_H H_H 5
N D S RX45° 3
" [}
127 BSC 0.
-—-W—i Y. SEATING % J [ 019 | 035 | 0.008 | 0.009
K
W
P
R

.80 | 10.00 | 0.386 | 0.393 |

80 | 400 | 0.150
35 | 175 | 0.054

slelglelelz
2|218|5|8)%

D1sPL———H<— l KPL“"E £y 0.10 [ 025 | O

004
° 7° 0° 7°
[#]0250010 ®[T[BO[A O] 229

580 | 620 | O,
025 | 050 [ 0.010 | 0.019

Case 648-08 N Suffix

- - NOTES:
16-Pin Plastic 1. DIMENSIONING AND TOLERANCING PER ANSI
_ Y145, 1982,
2. CONTROLLING DIMENSION: INCH.
. DIMENSION L F LEADS WHE!
By e Y ﬂ ‘ 3 Féﬂaqeséopwcemno S WHEN
16 3 4. DIMENSION "B" DOES NOT INCLUDE MOLD
N B FLASH,
o 5. ROUNDED GORNERS OPTIONAL.
{ s ¥ & 648-01 THAU -07 OBSOLETE, NEW STANDARD
£48-08,
WAL _ .
F WILLIMETERS | INCHES |
,I [ RILLIWETERS |
—c | i [ WIN | MAX | WIN | MAX
A1 1880 | 1955 | 0740 | 0.770
[ . B | 635 | 685 | 0250 | 0270
SEATING [ 369 | 44 .14 175
] [ PLANE D | 033 | 053 | 0.015 | 0.021
F | 102 | 177 | 0.040 | 0.070
ue_u_ -y M G 2.54 BSC 100 BSC
e = K H 27BSC 0.050 BSC
H GJL : J 3 [ 021 | 038 | 0,008 | 0.015
K | 280 | 330 | 0.110 | 0.130
DiePL L | 750 | 7.4 [ 0.295 | 0305
(T I O
[#]025 (0010 ® 7] A® | s | 051 | 1.01 |-0.020 | 0.040

Case 620-09 J Suffix

I {-A- 5= 16-Pin Ceramic Dual In-Line NOTES:
l 1. DIMENSIONING AND TOLERANCING PER ANSI
[ e e e e o ) Y14.5M, 1982,
16 9 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
[-B-] FORMED PARALLEL,
4. DIMF MAY NARROW TO 0.76 (0.030) WHERE
1 8 . THE LEAD ENTERS THE CERAMIC BODY.
5. 62001 THAU -08 OBSOLETE, NEW STANDARD
C L— 62009,
MILLIMETERS | INCHES
. piM [ MIN | MAX | MIN | MAX
_ ¥ A 1905 | 1955 | 0750 | 0.770
T \ B | 610 | 736 | 0.240 | 0290
| / \ ¢ | — [ 419] — |0465
SeATING / p [ 039 | 053 | 0.015 | 0.21
E 1.27 BSG 0.050 BSC
f F [ 740 | 197 | 0.055 | 0070
N— S M G 254 BSC 0100 BSC
J | 023 027 | 0.009 | 0071
G J16PL K — | 508 | — | 0200
D 16PL L 7.62 BSC 0.300 BSC
%025 0010 ®[T[ B® | [ I Il N Il
[#]0.25 0010 ® [T[ AB | N[ 039 058 | 0615 | 0%

FAST AND LS TTL DATA
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MICROCHIP

PIC18F2420/2520/4420/4520

28/40/44-Pin Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

Power Managed Modes:

« Run: CPU on, peripherals on

- |dle: CPU off, peripherals on

= Sleep: CPU off, peripherals off

« ldle mode currents down to 5.8 pA typical
- Sleep mode current down to 0.1 pA typical
« Timer1 Oscillator: 1.8 pA, 32 kHz, 2V

« Watchdog Timer: 2.1 pA

- Two-Speed Oscillator Start-up

Peripheral Highlights:

« High-current sink/source 25 mA/25 mA
= Three programmable external interrupts
+ Four input change interrupts
- Upto2 Capture/Compare/PWM (CCP) modules
one with Auto-Shutdown (28-pin devices)
- Enhanced Capture/Compare/PWM (ECCP)
module (40/44-pin devices only):
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart
- Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and [2c™
Master and Slave Modes
= Enhanced Addressable USART module:
". Supports RS-485, RS-232 and LIN 1.2
- RS-232 operation using internal oscillator
block (no external crystal required)
- Auto-Wake-up on Start bit
- Auto-Baud Detect
« 10-bit, up to 13-channel Analog-to-Digital
Converter module (A/D):
- Auto-acquisition capability
- Conversion available during Sleep
+ Dual analog comparators with input multiplexing)

Flexible Oscillator Structure:

+ Four Crystal modes, up to 40 MHz

« 4X Phase Lock Loop (available for crystal and
internal oscillators)

« Two External RC modes, up to 4 MHz

» Two External Clock modes, up to 40 MHz

- Internal oscillator block:
- 8 user selectable frequencies, from 31 kHz to 8 MHz
- Provides a complete range of clock speeds

from 31 kHz to 32 MHz when used with PLL

- User tunable to compensate for frequency drift

« Secondary oscillator using Timer1 @ 32 kHz

- Fail-Safe Clock Monitor:
- Allows for safe shutdown if peripheral clock stops

Special Microcontroller Features:

« C compiler optimized architecture:
- Optional extended instruction set designed to
optimize re-entrant code
+ 100,000 erase/write cycle Enhanced Flash
program memory typical

"« 1,000,000 erase/write cycle Data EEPROM

memory typical ‘
Flash/Data EEPROM Retention: 100 years typical
« Self-programmable under software control
Priority levels for interrupts
- 8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s
- Single-supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins
In-Circuit Debug (ICD) via two pins
« Wide operating voltage range: 2.0V to 5.5V
Programmable 16-level High/Low-Voltage
Detection (HLVD) module:
- Supports interrupt on High/Low-Voltage
Detection
= Programmable Brown-out Reset (BOR
- With software enable option

°

®© 2004 Microchip Technology Inc.
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PIC18F2420/2520/4420/4520

Program Memory Data Memory . CCP/ MSSP =
. 10-bit < Timers
Device Flash |# Single-Word | SRAM | EEPROM o AID (ch) ECCP SPI Master| o Comp. 8/16-bit
(bytes) | Instructions |(bytes)| (bytes) (PWM) 12c o
PIC18F2420 16K 8192 768 256 25 10 2/0 Y Y 1 2 113
PIC18F2520 | 32K 16384 1536 256 25 10 2/0 Y Y 1 2 13
PIC18F4420 16K 8192 768 256 36 13 mn Y Y 1 2 113
PIC18F4520 | 32K 16384 1536 256 36 13 171 Y Y 1 2 1/3

DS39631A-page 2 Pre%imiﬂary ® 2004 Microchip Technology inc.




PIC18F2420/2520/4420/4520

Pin Diagrams

28-pin PDIP, SOIC

MCLR/VPP/RE3 —=[]°1 . - 28| ] =— RB7/KBI3/PGD
RAO/ANO =[] 2 27| ] =—= RB6//KBI2/PGC
RA1ANT =[] 3 26[ ] < RBS5/KBI1/PGM
RA2/AN2/VREF-/CVREF <—[] 4 25[ ] ~— RB4/KBIO/AN11
RA3/AN3/VRer+ =—=[] 5 oo 24[] = RB3/ANg/CCP2(1)
RA4TOCKI/C10UT ~—=[] & g 23] = RB2/INT2/ANS
RAS/AN4/SS/HLVDIN/C20UT =~ [] 7 ™ N 22[] <= RB1/INTH/AN10
vss —>[] 8 © 210 ] == RBO/INTOFLTO/AN12
OSC1/CLKIRA7 =[] 9 00 20 ~— Voo
OSC2/CLKO/RA6 =—=[]10 o 19 ] -— vss
RCO/T10SO/T13CK| ~—[] 11 18[] ~—= RC7/RX/DT
RC1m108icep2Y) <[ 12 17[7] <= RCB/TX/CK
RC2/CCP1 =—=[]13 16[_] ~— RC5/SDO
RC3/SCK/SCL <[] 14 15[] < RC4/SDI/SDA
40-pin PDIP MCLR/VPPIRE3 ——»-[] 1 _J 40 [ ~— RB7/KBI3/PGD
RAOGANO «—u ] 2 39 [1 ~—= RB6/KBIZ/PGC
RA1/ANT <—»[] 3 38 [ =—s RB5/KBI1/PGM
RA2/AN2/VREF-/CVREF ~[14 37 [] ~——= RB4/KBIO/AN11
RAJ/ANS/VREF+ < [] 5 36 [1 =——= RB3/ANY/CCP2(1)
RA4/TOCKI/ICIOUT «—w] 6 35 [ <— RB2/INT2/ANS
RAS/AN4/SSIHLVDIN/C20UT ~—s-[] 7 34 [J ~—= RB1/INT1/AN10
REO/RD/ANS ~—»[] 8 Q 8 33 [] =—= RBO/INTO/FLTO/AN12
RE1/WR/AN6 <—[] 9 <t 1D 32 [] ~—— Vpp
RE2/CS/AN7 <«—s] 10 b 31 [J =~—— Vss
VDD — [ 11 © © 30 [1 =—= RD7/PSP7/P1D
Vss ] 12 OO 29[ ~—= RDEPSPEPIC
OSC1/CLKI/RA7 «— ] 13 =5 28 [] ~—» RD5/PSP5/P1B
OSC2/CLKO/RAG ~—m[] 14 27 [] =—» RD4/PSP4
RCO/T10SO/T13CK| <—m[] 15 26 [] =—s RC7/RX/DT
Re1miosiicer2™ « o 15 25 [1 =— RCBTX/CK
RC2ACCPUPIA w—w(] 17 24 [] =— RC5/SDO
RC3/SCK/SCL <— [] 18 23 [1 «—= RC4/SDISDA
RDO/PSPO ~—s[] 19 22 [1 <—» RD3/PSP3
RD1/PSP1 <—[1] 20 21 [1=— RD2/PSP2
. foosc
28-pin QFN cPfRz
: o &8 d =3
s=82%¢
S |HARNSB T
=z ,‘s’ CEER
262 2625242322
RA2/AN2/VREF-ICVREF <—m | 1 @ 21] -—= RB3/AN9/CCP2(M
RA3/AN3NVREF+ < § 2 20| =—= RB2/INT2/ANS
_RA4/TOCKI/C1OUT = } 3 PIC18F2420 191 <— RB1/INT1/AN10
RAS/AN4/SS/HLVDINIC20UT s | 4 PIC18F2520 18] =~ RBO/INTO/FLTO/ANT2
VSS —w | 5 17§ =— Voo
OSC1/CLKIRA7 — | g 16 | <— Vss
OSC2/CLKO/RAG <— 7 15| ~—= RC7/RX/DT
8 91011121314
¥E = A<0O x
8582338
Fag SRS~ o8 E
6283883
pae23%9
00 @
- gpX
5k
Note 1: RB3is the alternate pin for CCP2 multiplexing. 8 2
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PIC1 8F2420/2520/4420/4520

Pin Diagrams (Cont.’d)

44-pin TQFP

Note 1:

RC7/RXDT == 1

RDSIPSPS/P1B = :

RDG/PSPEIPIC =

RD7/PSP7/PID =—=CIH 5 PIC18F4420 pgfrr=— VSS
vss —

vop — 17
RBO/INTO/FLTO/ANZ =~ 1T 8
RBA/INTY/AN10 ~—
RB2/INT2/ANg =—=C14 10
rpa/ANg/ccp2tt = 11

20

3/PSP3
/PSP2
/PSP1
/PSPO
3/SCKISCL
C2/CCP1/P1A
1/T10SI/CCP

0

<= RCBTX/CK
C
NC

3« RC5/SDO
Frr«— RC4/SDVSDA

A4 fI3-=—> RD
AD [T - RD2
39 brr1<— RD1
38 trr1<— RD
37 =" R
36 [T 1> R
35 g e RC

o44
43
42

14
rTi21

CT49
IT20

- CTT16
e CIT17
— TT118

M= 015

11 PPU N

RBA4/KBIO/AN
RB5/KBI1/PG
RB6/KBI2/PGC
RB7/KBI3/PGD
MCLR/VPP/RE3
RAO/ANO ==
’ RAT/ANT =<+
RAZIANZNREF-ICVREF -
RA3/AN3/VREF+ <> CIL22

RB3 is the alternate pin for CCP2 multiplexing.

NC
3o =" RCOfT1OSOIT1GCK‘
3 = OSC2/CLKO/RAG
3o OSCH/CLKIRAT

2T VDD
P|C1 8F4520 o7l - REZI_(EI_AN']
2B RE1N~\_IBIAN6
25 <> REO/RD/ANS
4TI <> RAS/AN4/SS/HLVDIN/C20UT
] - RA4TOCKIC1OUT

=3
L<GE
< EY R [
v Boncol23
SoZERREEH22
. o
44-pin QFN EgBEELisoty
885800000
CPPRrzraaExe®
[ ] <rmNr-_oa>cov~:om<r
< <t T FOO® ek Rl
RC7/RX/DT =<1 33]~—> OSC2ICLKORAS
RDA/PSP4 <—] 2 32|~ OSC1/CLKIRAT
RDS/PSP5/P1B =] 3 31| = Vss
RDB/PSPEPIC <] 4 30] = Vss
RD7/PSP7/F\‘/1SDS P 2 PlC1 3F4420 %% - \\;r;g
Vo — | 7 PIC18F4520 < RE2/CSIAN7
vop —=} 8 26| <—= RE1/WRIANG
RBOANTO/FLTOIAN12 <—=} 9 <« REO/RD/ANS
REA/INTH/ANI0 =—=§ 10 o4] = RAS/AN4/SS/HLVDIN/G20UT
RB2/INT2/ANS <—=] 11 53] ~—= RA4TOCKICIOUT
Nm 0 © N0 O [ B\
NIV NS
03338228
§“Zgad rLL>g
Q %Eﬁa“ééim
5 8222577 R%
Z S8Ba8 a3
é ofees z s
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PIC18F2420/2520/4420/4520

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices: '

= PIC18F2420 * PIC18LF2420
» PIC18F2520 + PIC18LF2520
= PIC18F4420 = PIC18LF4420
* PIC18F4520 « PIC18LF4520

This family offers the advantages of all PIC18 micro-
controllers — namely, high computational performance
at an economical price — with the addition of high-
endurance, Enhanced Flash program memory. On top
of these features, the PIC1 8F2420/2520/4420/4520
family introduces design enhancements that make
these microcontroliers a logical choice for many high-
performance, power sensitive applications.

1.1 New Core Features

1.1.1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2420/2520/4420/4520
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

* Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

Multiple ldle Modes: The controller can also run

with its CPU core disabled but the peripherals still

active. In these states, power consumption can be
reduced even further, to as little as 4% of normal
operation requirements.

On-the-fly Mode Switching: The power

managed modes are invoked by user code during

operation, allowing the user to incorporate power-
saving ideas into their application’s software
design.

* Low Consumption in Key Modules: The
power requirements for both Timer1 and the
Watchdog Timer are minimized. See
Section 26.0 “Electrical Characteristics”
for values.

1.1.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2420/2520/4420/4520
family offer ten different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

= Four Crystal modes, using crystals or ceramic
resonators

* Two External Clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin (oscillator input, with the
second pin reassigned as general 1/0)

* Two External RC Oscillator modes with the same
pin options as the External Clock modes

* Aninternal oscillator block which provides an
8 MHz clock and an INTRC source (approxi-
mately 31 kHz), as well as a range of 6 user
selectable clock frequencies, between 125 kHz to
4 MHz, for a total of 8 clock frequencies. This
option frees the two oscillator pins for use as
additional general purpose 1/0.

* A Phase Lock Loop (PLL) frequency multiplier,
available to both the high-speed crystal and inter-
nal oscillator modes, which allows clock speeds of
up to 40 MHz. Used with the internal oscillator, the
PLL gives users a complete selection of clock
speeds, from 31 kHz to 32 MHz — all without using
an external crystal or clock circuit.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

* Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a refer-
ence signal provided by the internal oscillator. If a
clock failure occurs, the controller is switched to
the internal oscillator block, allowing for continued
low-speed operation or a safe application
shutdown.

* Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

© 2004 Microchip Technology Inc. Preliminary DS39631A-page 7

T



PIC18F2420/2520/4420/4520

1.2 Other Special Features

Memory Endurance: The Enhanced Flash cells
for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 40 years.

Self-programmability: These devices can write
to their own program memory spaces under inter-
nal software control. By using a bootloader routine
located in the protected Boot Block at the top of
program memory, it becomes possible to create
an application that can update itself in the field.

Extended Instruction Set: The PIC18F2420/
2520/4420/4520 family introduces an optional
extension to the PIC18 instruction set, which adds
8 new instructions and an Indexed Addressing
mode. This extension, enabled as a device con-
figuration option, has been specifically designed
to optimize re-entrant application code originally
developed in high-level languages, such as C.
Enhanced CCP module: In PWM mode, this
module provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include Auto-Shutdown, for dis-
abling PWM outputs on interrupt or other select
conditions and Auto-Restart, to reactivate outputs
once the condition has cleared.

Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. Other enhancements include
automatic baud rate detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the USART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
power requirement).

10-bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period and
thus, reduce code overhead.

Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler,
allowing an extended time-out range that is stabie
across operating voliage and temperature. See
Section 26.0 “Electrical Characteristics” for
time-out periods.

1.3 Details on Individual Family
Members

Devices in the PIC18F2420/2520/4420/4520 family are
available in 28-pin and 40/44-pin packages. Block
diagrams for the two groups are shown in Figure 1-1
and Figure 1-2.

The devices are differentiated from each other in five
ways:

1. Flash program memory (16 Kbytes for
PIC18F2420/4420 devices and 32 Kbytes for
PiIC18F2520/4520).

2. A/D channels (10 for 28-pin devices, 13 for
40/44-pin devices).

3. /O ports (3 bidirectional ports on 28-pin devices,
5 bidirectional ports on 40/44-pin devices).

4. CCP and Enhanced CCP implementation
(28-pin devices have 2 standard CCP mod-
ules, 40/44-pin devices have one standard CCP
module and one ECCP module).

5. Parallel Slave Port (present only on 40/44-pin
devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Like all Microchip PIC18 devices, members of the
PIC18F2420/2520/4420/4520 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an “F” in the part number (such as PIC18F2420),
accommodate an operating VDD range of 4.2V to 5.5V.
Low-voltage - parts, designated by “LF" (such as
PIC18LF2420), function over an extended VDD range
of 2.0V to 5.5V.

DS39631A-page 8
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PIC18F2420/2520/4420/4520

TABLE 1-1: DEVICE FEATURES
Features PIC18F2420 PIC18F2520 PIC18F4420 PIC18F4520
Operating Frequency DC — 40 MHz . DC-40MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16384 32768 16384 32768
Program Memory 8192 16384 8192 16384
(Instructions) ) '
Data Memory (Bytes) 768 1536 768 - 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 19 19 20 20
/O Ports Ports A, B, C, (E). Ports A, B, C, (E) Ports A, B, C,D, E Ports A, B,C,D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 1 1
Enhanced 0 0 1 1
Capture/Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,
Enhanced USART Enhanced USART Enhanced USART Enhanced USART
Parallel Communications (PSP) No No Yes Yes
10-bit Analog-to-Digital Module 10 Input Channels 10 Input Channels 13 Input Channels 13 input Channels
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, RESET Instruction, RESET Instruction, RESET Instruction,
Stack Full, Stack Stack Full, Stack Stack Full, Stack Stack Full, Stack
Underflow (PWRT, OST), | Underflow (PWRT, OST), | Underflow (PWRT, OST), | Underflow (PWRT, OST),
MCLR (optional), WDT- | MCLR (optional), WDT | MCLR (optional), WDT MCLR (optional), WDT
Programmable Yes Yes Yes Yes
High/Low-Voltage Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions; 75 Instructions; 75 Instructions; 75 instructions;
83 with Extended 83 with Extended 83 with Extended 83 with Extended
Instruction Set enabled | Instruction Set enabled | Instruction Set enabled | Instruction Set enabled
Packages 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN
28-pin QFN 28-pin QFN 44-pin TQFP 44-pin TQFP

© 2004 Microchip Technology Inc.
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PIC18F2420/2520/4420/4520

FIGURE 1-2: PIC18F4420/4520 (40/44-PIN) BLOCK DIAGRAM

Data Bus<8>
Table Pointer<21>| |« 'y PORTA
v RAO/ANO
- - Data Latch RA1/AN1
inc/dec logic o RA2/AN2/VREF-/CVREF
ata-Memory. RA3/AN3/VREF+
(3.9 Kbytes ) =P RA4/TOCKI/C10UT
; RAS/AN4/SS/HLVDIN/C20UT
Address Latch 3
0SC2ICLKOTIRS
Program Counter 12 SC/CLKITIR
Data Address<12>
[ 31 Level Stack FORTS
evel ac
RBO/INTO/FLTO/AN12
Address Latch RBA/INT1/AN10
Program Memory STKPTR | e RB2/INT2/AN8
(16/32 Kbytes) RB3/ANg/CCP2(Y
RB4/KBIO/AN11
t:
Data Latch RBS/KBI1/PGM
RB6/KBI2/IPGC
RB7/KBI3/PGD

| RCO/T10SO/T13CKI
re1miosicepzd
RC2/CCP1/P1A
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
; State machine RCB/TX/CK
(nstruction B> control signals RC7/RX/DT
Control
PRODH| PRODL
3 8 x 8 Multiply PORTD
Bf’fVOP RDO/PSPO:RD4/PSP4
] m& RD5/PSP5/P1B
N RD6/PSP6/P1C
3) Internal / RD7/PSP7/P1D
0sC1) [~ Oscillator Power-up &g % ‘s
Block Timer
o0sc2® K— a»ll Oscillator \ Y /
INTRC |1 | ||Start-up Timer ALU<8>
T10S! !Z___,_} Oscillator Power-on 8
Reset S—
8 MHz .
T1080 [X—"{|| Oscillator WaTt.ChGOQ PORTE
imer - REO/RD/ANS
- Brown-out o RE1/WRIANG
MCLR® z—-—b Single-Supply i and Gap @ AdiA
Programming FR‘;?;etf " Reference RE2/CS/AN? @
In-Circuit ail-care MCLR/VPP/RE3
Vo, Vss [XF— Debu;ger Clock Monitor
BOR Data )
HLVD EEPROM Timer0 Timer1 Timer2 Timer3

1 P o+ 1
v Y v v ¥

MSSP EUSART

ADC

Comparator ECCP1 ccP2 10-bit

Note 1: CCP2is multiplexed with RC1when configuration bit CCP2MX is set, or RB3 when CCP2MX is not set.b
2: RES3 is only available when MCLR functionality is disabled.

3:  OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as digital /O.
Refer to Section 2.0 “Oscillator Configurations” for additional information.

© 2004 Microchip Technalogy Inc. Preliminary DS39631A-page 11
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PIC18F2420/2520/4420/4520

TABLE 1-3: PIC18F4420/4520 PINOUT I/O DESCRIPTIONS

. Pin Number Pin | Buffer L
Pin Name Description
‘PDIP | QFN | TQFP | Type | Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).

MCLR 1| ST Master Clear (Reset) input. This pin is an active-low
Reset to the device. .

Ve P Programming voltage input.

RE3 l ST Digital input.

OSC1/CLKI/RA7 13 32 30 Oscillator crystal or external clock input.

0SC1 : | ST Osdillator crystal input or extemal clock source input.
ST buffer when configured in RC mode;
analog otherwise.

CLKI | cMOS| External clock source input. Always associated with
pin function OSC1. (See related OSC1/CLKI,
0SC2/CLKO pins.)

RA7 ‘ /o | TTL General purpose /O pin.

OSC2/CLKO/RAB 14 33 31 Oscillator crystal or clock output.

0sc2 . (@] — Oscillator crystal output. Connects to crystal

~ or resonator in Crystal Oscillator mode.

CLKO (O} —_ In RC mode, OSC2 pin outputs CLKO which
has 1/4 the frequency of OSC1 and denotes

| the instruction cycle rate.

RAB /1O TTL General purpose /O pin.

Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2. Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.

DS39631A-page 16 Preiiminary © 2004 Microchip Technology Inc.




PIC18F2420/2520/4420/4520

TABLE 1-3: PIC18F4420/4520 PINOUT 1/0 DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer —
Pin Name Description
PDIP | QFN | TQFP | Type | Type
‘ PORTA is a bidirectional I/O port.
RAO/ANO 2 19 19
. RAO ) Vo | TTL Digital /0.
ANO | {Analog| AnaloginputO.
RA1/AN1 3 20 20
RA1 o | TTL Digital /0.
AN1 I |Analog| Analoginputi.
RA2/AN2/VREF-/CVREF 4 21 21
RA2 /o | TTL Digital /0.
AN2 I |Analog| Analoginput2.
VREF- i |Analog| A/D reference voltage (low) input.
CVREF O |Analog| Comparator reference voltage output.
RA3/AN3/VREF+ 5 22 22
RA3 Vo | TTL Digital /0.
AN3 I |Analog| Analoginput 3.
VREF+ i |Analog| A/D reference voltage (high) input.
RA4/TOCKI/C10UT 6 23 23
RA4 I]e] ST Digital /0.
TOCKI | ST Timer0 external clock input.
C10UT (0] — Comparator 1 output.
RAS5/AN4/SS/HLVDIN/ | 7 24 | 24
C20UT
RA5 Vo | TTL Digital 1/O.
AN4 | |Analog| Analoginput4.
S8 | TTL SPI slave select input.
HLVDIN | |Analog| High/Low-Voltage Detect input.
C20UT o) — Comparator 2 output.

" |RAB See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RAT pin.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set. '
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.

© 2004 Microchip Technology Inc.
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PIC1‘8F2420l2520/4420/4520

TABLE 1-3: PIC18F4420/4520 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/INTO/FLTO/AN12 33 9 8
RBO /O | TTL Digital 1/O.
INTO | ST External interrupt 0.
FLTO | ST PWM Fault input for Enhanced CCP1.
AN12 | |Analog| Analog input12.
RB1/INT1/AN10 34 10 9
RB1 1O | TTL Digitat 1/0.
INT1 | ST External interrupt 1.
AN10 | |Analog| Analoginput10.
RB2/INT2/ANS 35 11 10
RB2 ] 1o | TTL Digital 1/O.
INT2 ) | ST External interrupt 2.
ANS8 | |Analog| Analoginput8.
RB3/AN9/CCP2 36 12 11
RB3 Vo | TTL Digital 1/O.
AN9 | |Analog| Analoginput9.
ccp2t) yo | ST Capture 2 input/Compare 2 output/PWM 2 output.
RB4/KBIO/AN11 37 14 14
RB4 /0 | TTL Digital 1/O.
KBIO | TTL Interrupt-on-change pin.
AN11 | |Analog| Analoginput 11.
RB5/KBI1/PGM 38 15 15
RB5 1O | TTL Digital 1/O.
KBt I TTL Interrupt-on-change pin.
PGM 110 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 39 16 16
RB6 Vo | TTL Digital 1/O.
KBI2 | I TTL Interrupt-on-change pin.
PGC 11O ST In-Circuit Debugger and ICSP programming
clock pin.
RB7/KBI3/PGD 40 17 17
RB7 10 | TTL Digital I/O.
KBI3 1 TTL | Interrupt-on-change pin.
PGD 110 ST In-Circuit Debugger and ICSP programming
- data pin.
Legend: TTL= TTL compatible input ) CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F2420/2520/4420/4520

TABLE 1-3: PIC18F4420/4520 PINOUT /O DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer e
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTC is a bidirectional 1/0O port.

RCO/T10SO/T13CKI 15 34 32

RCO /O ST Digital /0.

T10SO (¢} — Timer1 oscillator output.

T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10S1/CCP2 16 35 35

RC1 110 ST Digital /0.

T108I | CMOS | Timer1 oscillator input.

ccp2@ o | ST Capture 2 input/Compare 2 output/PWM 2 output.
RC2/CCP1/P1A 17 | 36 |. 36

RC2 110 ST Digital /0.

CCP1 110 ST Capture 1 input/Compare 1 output/PWM 1 output.

P1A O —_ Enhanced CCP1 output.
RC3/SCK/SCL 18 37 37

RC3 ' /O ST Digital I/O.

SCK /0 ST Synchronous serial clock input/output for

’ SPI™ mode.

SCL 110 ST Synchronous serial clock input/output for [2C™ mode.
RC4/SDI/SDA 23 42 42

RC4 I{e] ST Digital 1/0.

SDI | ST SPI data in.

SDA o | st 12C data 1/O.
RC5/SDO 24 43 43

RC5 l{e] ST Digital /0. .

SDO o.| — SPI data out.
RC6/TX/CK 25 44 44

RC6 110 ST Digital /0.

TX (6] — EUSART asynchronous transmit.

CK /1O ST EUSART synchronous clock (see related RX/DT).
RC7/RX/IDT 26 1 1

RC7 e} ST Digital /0.

RX | ST EUSART asynchronous receive.

DT 110 ST EUSART synchronous data (see related TX/CK).

Legend: TTL= TTL compatible input
ST = Schmitt Trigger input with CMOS levels
O = Output

Note 1:

CMOS

|
p

CMOS compatible input or output
Input
Power

ion

Default assignment for CCP2 when configuration bit CCP2MXis set.

2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.

© 2004 Microchip Technology inc.
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PIC18F2420/2520/4420/4520

TABLE 1-3: PIC18F4420/4520 PINOUT /O DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer -
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTD is a bidirectional I/0 port or a Parallel Slave
Port (PSP) for interfacing to a microprocessor port.
These pins have TTL input buffers when PSP module
|is enabled.
RDO/PSPO 19 38 38
RDO 110 ST Digital 1/O.
PSPO 11O TTL Parallel Slave Port data.
RD1/PSP1 20 39 39
RD1 O ST Digital /0.
PSP1 110 TTL Parallel Slave Port data.
RD2/PSP2 21 | 40 | 40 ‘
RD2 ‘ 110 ST Digital 1/O.
PSP2 /10 TTL Parallel Slave Port data.
RD3/PSP3 22 41 41
RD3 1e} ST Digital 1/O.
PSP3 110 TTL Paralle! Slave Port data.
RD4/PSP4 27 2 2
RD4 11O ST Digital /0.
PSP4 110 TTL - Parallel Slave Port data.
RD5/PSP5/P1B 28 3 3 '
RD5 110 ST Digital 1/O.
PSP5 ’ Vo | TTL Parallel Slave Port data.
P1B (6] — Enhanced CCP1 output.
RD6/PSP6/P1C 29 4 4
RD6 110 ST Digital 1/O.
PSP6 /1O TTL Parallel Slave Port data.
Pi1C _ (0] — Enhanced CCP1 output.
RD7/PSP7/P1D 30 5 5
RD7 /0 ST Digital I/O.
PSP7 e} TTL Paralle! Slave Port data.
P1D 0O — Enhanced CCP1 output.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels 1 = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2. Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F2420/2520/4420/4520

TABLE 1-3: PIC18F4420/4520 PINOUT l/O DESCRIPTIONS (CONTINUED)
Pin Numb i
Pin Name in umber Pin | Buffer Description
- PDIP | QFN [TQFP | Type | Type
PORTE is a bidirectional 1/O port.
REO/RD/AN5 25 | 25
REO e} ST Digital 1/O.
- RD | TTL Read control for Parallel Slave Port
(see also WR and CS pins).
ANS 1 | Analog Analog input 5.
RE1AWWR/ANG 26 | 26
RE1 110 ST Digital I/0.
WR I TTL Write __cgntrol for. Parallel Slave Port
(see CS and RD pins).
ANG | |Analog| Analog input®.
RE2/CS/ANT 10 | 27 | 27 ‘
RE2 /O ST Digital 1/0.
CS I TTL Chip Select control forParallel Slave Port
(see related RD and WR).
AN7 | |Analog| Analog input?.
RE3 — — — — — | See MCLR/VPP/RES pin.
Vss 12,31|6,30,1 6,29 P — | round reference for logic and /O pins.
31 ;
VDD 11,32) 7,8, 17,28 P — |Positive supply for logic and I/O pins.
28, 29
NC — 13 12,13, — — |No connect.
33,34
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = OQutput . P = Power

Note 1: Default assignment for CCP2 when config
2: Alternate assignment for CCP2 when confi

uration bit CCP2MX is set.
iguration bit CCP2MX is cleared.

©® 2004 Microchip Technology Inc.
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PIC18F2420/2520/4420/4520

2.0 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

PIC18F2420/2520/4420/4520 devices can be operated
in ten different oscillator modes. The user can program
the configuration bits, FOSC3:FOSCQ, in Configuration
Register 1H to select one of these ten modes:
1. LP Low-Power Crystal

-2, XT Crystal/Resonator
3. HS High-Speed Crystal/Resonator
4

HSPLL High-Speed Crystal/Resonator
with PLL enabled

5. RC External Resistor/Capacitor with
Fosc/4 output on RAB
6. RCIO External Resistor/Capacitor with I/O

on RA6

" 7. INTIO1 Internal Oscillator with FOsC/4 output
on RA6 and I/O on RA7

8. INTIOZ Internal Oscillator with /O on RA6
and RA7 :

9. EC External Clock with FOsc/4 output

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, LP, HS OR HSPLL
CONFIGURATION)
c1t osc1 [ '[: '
: l To
ot Internal
O XTAL <IRe® Logic
= I — Sleep
c2l 0sc2 PIC18FXXXX

Note 1: See Table 2-1 and Table 2-2 for initial values of
C1and C2.

2: A series resistor (Rs) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.

TABLE 2-1: CAPACITOR SELECTION FOR

CERAMIC RESONATORS

10. ECIO

External Clock with 1/O on RAG

Typical Capacitor Values Used:

2.2 Crystal Oscillator/Ceramic
Resonators

In XT, LP, HS or HSPLL Oscillator modes, a crystal or
ceramic resonator is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections.

The oscillator design requires the use of a parallel cut
crystal.

Mode Freq 0oscC1’ 0SC2

XT 3.58 MHz 15 pF 15 pF
4.19 MHz 15 pF 15 pF .

4 MHz 30 pF 30 pF

4 MHz 50 pF 50 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following Table 2-2 for additional
information.

© 2004 Microchip Technology Inc.
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PIC1 8F2420/2520/4420I4520

TABLE 2-2: CAPACITOR SELECTION FOR

CRYSTAL OSCILLATOR
c | | Typical Capacitor Values
rysta Tested:
Osc Type Freq )
‘ c1 c2
LP 32 kHz 30 pF 30 pF
XT 1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz . 15 pF 15 pF
10 MHz 15 pF 15 pF
20 MHz 15 pF 15 pF
25 MHz 0 pF 5pF
25 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the noles following this table for additional
information.

Crystals Used:

32 kHz 4 MHz
25 MHz 10 MHz
1 MHz 20 MHz

An external clock source may also be connected to the
0OSC1 pin in the HS mode, as shown in Figure 2-2.

FIGURE 2-2: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from 0SC1
Ext. System PIC18FXXXX
Open «-—— 0SC2 (HS Mode)

2.3 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

in the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the 0SC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
Oscillator mode. .

FIGURE 2-3: EXTERNAL CLOCK
INPUT OPERATION
(EC CONFIGURATION)
Clock from 0OSC1/CLKI
Ext. System PIC18FXXXX
Fosc/4 -e¢——] OSC2/CLKO

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional gen-
eral purpose 1/O pin. The /O pin becomes bit 6 of
PORTA (RAB). Figure 2-4 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK
INPUT OPERATION
(ECIO CONFIGURATION)
Clock from OSC1/CLKI
Ext. System PIC18FXXXX
RA6 ~a—u] /O (OSC2)
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PIC18F2420/2520/4420/4520

2.4  RC Oscillator

For timing insensitive applications, the “RC" and
“RCIO" device options offer additional cost savings.
The actual oscillator frequency is @ function of several
factors:

- supply voltage
. values of the external resistor (REXT) and
capacitor (CEXT)
- operating temperature
Given the same device, operating voltage and tempera-

ture and component values, there will also be unit-to-unit
frequency variations. These are due to factors such as:

. normal manufacturing variation

. difference in lead frame capacitance between
package types (especially for low CEXT values)

. variations within the tolerance of limits of REXT
and CEXT

in the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-5 shows how the R/C combination is
connected.

'FIGURE 2-5: RC OSCILLATOR MODE
Internal
osct Clock
CEXT
= PIC18FXXXX
Vss =
0OSC2/CLKO
Foscl4

Recommended values: 3 kQ < REXT < 100 kQ
CEeXT > 20 pF

The RCIO Oscillator mode (Figure 2-6) functions like
the RC mode, except that the 0OSC2 pin becomes an
additional general purpose /O pin. The 1O pin
becomes bit 6 of PORTA (RAB).

FIGURE 2-6:' RCIO OSCILLATOR MODE
Internal
OS¢ AW Clock
CEXT
= PIC18FXXXX
Vss =
RA6 ~a—=] /O (OSC2)

Recommended values: 3 kQ < RexT <100 kQ
’ ’ CeExT > 20 pF

‘FIGURE 2-7:

25 PLL Frequency Multiplier

A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to use a lower frequency
oscillator circuit or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are. concerned with EMI due
to high-frequency crystals or users who require higher
clock speeds from an internal oscillator.

251 - HSPLL OSCILLATOR MODE

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produce an internal
clock frequency up to 40 MHz. The PLLEN bit is not
available in this oscillator mode.

The PLL is only available to the crystal oscillator when
the FOSC3:FOSCO configuration bits are programmed
for HSPLL mode (= 0110). ‘

PLL BLOCK DIAGRAM
(HS MODE)

r HS Oscillator Enable
i e—

{from Configuration Register 1H)

Phase
Comparator

L.oop
Filter

Crystal
Osc

25.2 PLL AND INTOSC

The PLL is also available to the internal oscillator block
in selected oscillator modes. In this configuration, the
PLL is enabled in software and generates a clock out-
put of up to 32 MHz. The operation of INTOSC with the
PLL is described in Section 2.6.4 “PLL in INTOSC
Modes”.

© 2004 Microchip Technology Inc.
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PIC18F2420/2520/4420/4520

2.6 internal Oscillator Block

The PIC18F2420/2520/4420/4520 devices include an
internal oscillator block which generates two different
clock signals; either can be used as the microcontrol-
ler's clock source. This may eliminate the need for
external oscillator circuits on the OSC1 and/or 0SC2
pins. .

The main output (INTOSC) is an 8 MHz clock source,
which can be used to directly drive the device clock. It
also drives a postscaler, which can provide a range of
clock frequencies from 31 kHz to 4 MHz. The INTOSC
output is enabled when a clock frequency from 125 kHz
to 8 MHz is selected.

The other clock source is the internal RC oscillator
(INTRC), which provides a nominal 31 kHz output.
INTRC is enabled if it is selected as the device clock
source; it is also enabled automatically when any of the
following are enabled:

- Power-up Timer

- Fail-Safe Clock Monitor
» Watchdog Timer

- Two-Speed Start-up

These features are discussed in greater detail in
Section 23.0 “Special Features of the CPU”.

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (page 30).

2.6.1 INTIO MODES

Using the internal oscillator as the clock source elimi-
nates the need for up to two external oscillator pins,
which can then be used for digital /O. Two distinct
configurations are available:

« In INTIO1 mode, the OSC2 pin outputs Fosc/4,
while OSC1 functions as RA7 for digital input and
output.

« In INTIO2 mode, OSC1 functions as RA7 and
0SC2 functions as RAB, both for digital input and
output.

26.2 INTOSC OUTPUT FREQUENCY

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.

The INTRC oscillator operates independently of the
INTOSC source. Any changes in INTOSC across
voltage and temperature are not necessarily reflected
by changes in INTRC and vice versa.

26.3 OSCTUNE REGISTER

The internal oscillator’s output has been calibrated at
the factory but can be adjusted in the user’'s applica-
tion. This is done by writing to the OSCTUNE register
(Register 2-1).

When the OSCTUNE register is modified, the INTOSC
frequency will begin shifting to the new frequency. The
INTRC clock will reach the new frequency within
8 clock cycles (approximately 8 * 32 us = 256 ps). The
INTOSC clock will stabilize within 1 ms. Code execu-
tion continues during this shift. There is no indication
that the shift has occurred.

The OSCTUNE register also implements the INTSRC
and PLLEN bits, which control certain features of the
internal oscillator block. The INTSRC bit allows users
to select which internal oscillator provides the clock
source when the 31 kHz frequency option is selected.
This is covered in greater detail in Section 2.71
“Qscillator Control Register”.

The PLLEN bit controls the operation of the frequency
multiplier, PLL, in internal oscillator modes.

26.4 PLL IN INTOSC MODES

The 4x frequency multiplier can be used with the inter-
nal oscillator block to produce faster device clock
speeds than are normally possible with an internal
oscillator. When enabled, the PLL produces a clock
speed of up to 32 MHz.

Unlike HSPLL mode, the PLL is controlled through
software. The control bit, PLLEN (OSCTUNE<6>), is
used to enable or disable its operation.

The PLL is available when the device is configured to
use the internal oscillator block as its primary clock
source (FOSC3:FOSCO = 1001 or 1000). Additionally,
the PLL will only function when the selected output fre-
quency is either 4 MHz or 8 MHz (OSCCON<6:4>=111
or 110). If both of these conditions are not met, the PLL
is disabled.

The PLLEN control bit is only functional in those inter-
nal oscillator modes where the PLL is available. In all
other modes, it is forced to ‘0’ and is. effectively
unavailable.

2.6.5 INTOSC FREQUENCY DRIFT

The factory calibrates the internal oscillator block
output (INTOSC) for 8 MHz. However, this frequency
may drift as VDD or temperature changes, which can
affect the controller operation in a variety of ways. Itis
possible to adjust the INTOSC frequency by modifying
the value in the OSCTUNE register. This has no effect
on the INTRC clock source frequency.

Tuning the INTOSC source requires knowing when to
make the adjustment, in which direction it should be
made and in some cases, how large a change is
needed. Three compensation techniques are discussed
in Section 2.6.5.1 “Compensating with the USART”,
Section 2.6.5.2 “Compensating with the Timers” and
Section 2.6.5.3 “Compensating with the CCP Module
in Capture Mode”, but other techniques may be used.
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REGISTER 2-1:  OSCTUNE: OSCILLATOR TUNING REGISTER

rW-0  Rw-0M u-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

INTSRC | PLLEN®

TUN4 | TUN3 | TUN2 | TUN [ TuNo_|

bit 7

bit 0

bit 7 INTSRC: Internal Oscillator Low-Frequency Source Select bit
1 = 31.25 kHz device clock derived from 8 MHz INTOSC source (divide-by-256 enabled)
o = 31 kHz device clock derived directly from INTRC internal oscillator

bit 6 PLLEN: Frequency Multiplier PLL for INTOSC Enable bitt)
1 = PLL enabled for INTOSC (4 MHz and 8 MHz only)

0 = PLL disabled

Note 1: Available only in certain oscillator configurations; otherwise, this bit is unavailable
and reads as ‘0’. See Section 2.6.4 “PLL in INTOSC Modes” for details.

bit 5 Unimplemented': Read as ‘0’
bit 4-0 TUN4:TUNO: Frequency Tuning bits
01111 = Maximum frequency

00001

00000 = Center frequency. Oscillator module is running at the calibrated frequency.

11111

10000 = Minimum frequency

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit U = Unimplemented bit, read as ‘AO’
1" = Bit is set

2.6.5.1 Compensating with the USART

An adjustment may be required when the USART
begins to generate framing errors or receives data with
errors while in Asynchronous mode. Framing errors
indicate that the device clock frequency is too high; to
adjust for this, decrement the value in OSCTUNE to
reduce the clock frequency. On the other hand, errors
in data may suggest that the tlock speed is too low; to
compensate, increment OSCTUNE to increase the
clock frequency.

2.6.52 Compensating with the Timers

This technique compares device clock speed to some
reference clock. Two timers may be used; one timer is
clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timer1 oscillator.

Both timers are cleared, but the timer clocked by the
reference generates interrupts. When an interrupt
occurs, the internally clocked timer is read and both
timers are cleared. If the internally clocked timer value
is greater than expected, then the internal oscillator
block is running too fast. To adjust for this, decrement
the OSCTUNE register.

‘0’ = Bitis cleared  x = Bitis unknown

2.6.5.3 Compensating with the CCP Module
in Capture Mode

A CCP module can use free running Timer1 (or
Timer3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power fre-
quency). The time of the first event is captured in the
CCPRxH:CCPRxL registers and is recorded for use
|ater. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated.

If the measured time is much greater than the calcu-
lated time, the internal oscillator block is running too
fast; to compensate, decrement the OSCTUNE register.
If the measured time is much jess than the calculated
time, the internal oscillator block is running too slow; to
compensate, increment the OSCTUNE register.

© 2004 Microchip Technology Inc.
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4.2 Master Clear (MCLR)

The MCLR pin provides a method for triggering an
external Reset of the device. A Reset is generated by
holding the pin low. These devices have a noise filter in
the MCLR Reset path which detects and ignores small
pulses. )

The MCLR pin is not driven low by any internal Resets,
including the WDT.

In PIC18F2420/2520/4420/4520 devices, the MCLR

input can be disabled with the MCLRE configuration bit.

When MCLR is disabled, the pin becomes a digital

input. See Section 10.5 “PORTE, TRISE and LATE
Registers” for more information.

4.3 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VoD is adequate for operation.

To take advantage of the POR circuitry, tie the MCLR
pin through a resistor (1 kQ to 10 kQ2) to VoD. This will
eliminate external RC components usually needed to
create a Power-on Reset delay. A minimum rise rate for
VoD is specified (parameter DO04). For a slow rise
time, see Figure 4-2.

When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

POR events are captured by the POR bit (RCON<1>).
The state of the bit is setto ‘0’ whenever a POR occurs;
it does not change for any other Reset event. POR is
not reset to ‘1’ by any hardware event. To capture
multiple events, the user manually resets the bit to 1
in software following any POR.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW Vpp POWER-UP)
VDD VDD

MCLR
PIC18FXXXX

Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40 kQ is recommended to make sure that
the voltage drop across R does not violate
the device's electrical specification.

3 R1 21 kQ will limit any current flowing into
MCLR from external capacitor C, in the event
of MCLRNVPP pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical

Overstress (EOS).

© 2004 Microchip Technology Inc.
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4.0 RESET

The PlC18F2420/2520/4420/4520 devices differentiate
between various kinds of Reset:
a) Power-on Reset (POR)
b) MCLR Reset during normal operation
¢) MCLR Reset during power managed modes
d) Watchdog Timer (WDT) Reset (during
execution) )
e) Programmable Brown-out Reset (BOR)
f) RESET Instruction
g) Stack Full Reset
h) Stack Underflow Reset
This section discusses Resets generated by MCLR,
POR and BOR and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 5.1.2.4 “Stack Full and Underflow Resets”.

WDT Resets are covered in Section 23.2 “Watchdog
Timer (WDT)".

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 4-1.

41 RCON Register

Device Reset events are tracked through the RCON
register (Register 4-1). The lower five bits of the regis-
ter indicate that a specific Reset event has occurred. In
most cases, these bits can only be cleared by the event
and must be set by the application after the event. The
state of these flag bits, taken together, can be read to
indicate the type of Reset that just occurred. This is
described in more detail in Section 4.6 “Reset State
of Registers”.

The RCON register also has control bits for setting
interrupt priority (IPEN) and software control of the
BOR (SBOREN). Interrupt priority is discussed in
Section 9.0 “Interrupts”. BOR is covered in
Section 4.4 “Brown-out Reset (BOR)™.

FIGURE 4-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
RESET
Instruction
Stack Stack Full/Underflow Reset
Pointer

()_IDLE
Sleep

wDT |
Time-out

VpD Rise
Detect
Vbb
Brown-out
Reset
S
;‘ SsTewRTT T T T T T T 7 7|
' 1024 Cycl S
OST yees __| Chip_Reset
; 10-bit Ripple Counterj——.—_Dvl R Qb
0SC1| I
| ¢
| —S2HS  PWRT _ 65.5ms |
(| INTRCE) 11-bit Ripple Countﬁr_}——— |
| |
b o e — - — —— JE—| Enable PWRT
Enable 0ST®

2. See Table 4-2 for time-out situations.

Note 1: Thisis the INTRC source from the internal oscillator block and is separaie from the RC oscillator of the CLKI pin.

© 2004 Microchip Technology Inc.
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REGISTER 4-1: RCON REGISTER

R-1 RW-020  R/W-0

RW-0  RW-1t) u-0 R/W-1 R-1
"PEN | SBOREN | RI TO

%5 | Por | BOR |

bit 7

bit 7 IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts

bit 0

o = Disable priority levels on interrupts (P1C1 BCXXX Compatibility mode)

bit6  SBOREN: BOR Software Enable pitt?
1§ BOREN1:BORENQ = 01:
1 = BOR is enabled
o0 = BOR is disabled
if BOREN1:BORENG = 00, 10 0T 11: 4
Bit is disabled and read as ‘0.

bit 5 Unimplemented: Read as '0’
bit 4 RI: RESET Instruction Flag bit

1 = The RESET instruction was not executed (set by firmware only)
o0 = The RESET instruction was executed causing a device Reset (must be setin software after

a Brown-out Reset occurs)
bit 3 TO: Watchdog Time-out Flag bit

1 = Set by power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT time-out occurred
bit 2 PD: Power-down Detection Flag bit

1 = Set by power-up or by the CLRWDT insiruction
0 =. Set by execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status pitt@)

1 = A Power-on Reset has not occurred (set by firmware only)
o = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred (set by firmware only)
0 = A Brown-out Reset occurred (must be setin software after a Brown-out Resef occurs)

Note 1: |f SBOREN is enabled, its Reset state is ‘1"; oth

erwise, itis ‘0’

2: The actual Reset value of POR is determined by the type of device Reset. See the

notes following this register and Section 4.6
additional information.

“Reset State of Registers” for

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘4" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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11.0 TIMERO MODULE The TOCON register. (Register 11-1) controls  all
) aspects of the module’s operation, including the
The Timer0 module incorporates the following features: prescale selection. Itis both readable and writable.
. Software selectable operation as a timer or A simplified block diagram of the Timer0 module in 8-bit
counter in both 8-bit or 16-bit modes mode is shown in Figure 11-1. Figure 11-2 shows a
. Readable and writable registers simplified block diagram of the Timer0 module in 16-bit
. Dedicated 8-bit, software programmable mode.
prescaler

Selectable clock source (internal or external)
Edge select for external clock
Interrupt-on-overflow

REGISTER 11-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

TOCON: TIMERO CONTROL REGISTER
/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

R/W-1 R/W-1 R
A bit0

bit 7

TMROON: Timer0 On/Off Control bit

1 = Enables Timer0

0 = Stops Timer0

TO8BIT: Timer0 8-bit/16-bit Control bit

1 = Timer0 is configured as an 8-bit timer/counter

0 = Timer0 is configured as a 16-bit timer/counter
T0CS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin . )

o0 = Internal instruction cycle clock (CLKO)

TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on Jow-to-high transition on TOCK! pin
PSA: Timer0 Prescaler Assignment bit v

1 = Timer0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler.
o = Timer0 prescaler is assigned. Timer0 clock input comes from prescaler output.
TOPS2:TOPSO: Timer0 Prescaler Select bits

111 = 1:256 prescale value

110 = 1:128 prescale value

101 = 1:64 prescale value .

100 = 1:32 prescale value

011 = 1:16 prescale value

010 = 1:8 prescale value

001 =1:4 prescale value

000 =1:2 prescale value

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bitis set ‘0" = Bit is cleared x = Bit is unknown
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11.0 TIMERO MODULE The TOCON register (Register 11-1) controls all
‘ aspects of the module’s operation, including the
The Timer0 module incorporates the following features: prescale selection. It is both readable and writable.
. Software selectable operation as a timer or A simplified block diagram of the Timer0 module in 8-bit
counter in both 8-bit or 16-bit modes mode is shown in Figure 11-1. Figure 11-2 shows a
. Readable and writable registers simplified block diagram of the Timer0 module in 16-bit
. Dedicated 8-bit, software programmable mode.
prescaler

. Selectable clock source (internal or external)
- Edge select for external clock
« Interrupt-on-overflow

REGISTER 11-1:  TOCON: TIMERO CONTROL REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

[TMROON | TO8BIT | Tocs | TOSE | PSA | Tops2 | TOPST TOPSO_|
bit 7 ' bit 0

bit 7 TMROON: Timer0 On/Off Control bit

1 = Enables TimerQ

0 = Stops Timer0
bit 6 TO8BIT: Timer0 8-bit/16-bit Control bit

1 = TimerO is configured as an 8-bit timer/counter

o0 = Timer0 is configured as a 16-bit timer/counter
bit5  TOCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin

o = Internal instruction cycle clock (CLKO)
bit 4 TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin

0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Timer0 Prescaler Assignment bit

1 = Timer0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler.

0 = Timer0 prescaler is assigned. Timer0 clock input comes from prescaler output.
bit 2-0 TOPS2:TOPSO: Timer0 Prescaler Select bits

111 = 1:256 prescale value

110 = 1:128 prescale value

101 = 1:64 prescale value

100 = 1:32 prescale value

011 = 1:16 prescale value

010 = 1:8 prescale value

001 = 1:4 prescale value

000 = 1:2 prescale value

Legend:
R = Readablie bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR 1’ = Bit is set ‘0" = Bit is cleared x = Bit is unknown
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11.1 TimerQ Operation ~ internal phase clock (Tosc). There is a delay between
synchronization and the onset of incrementing the

Timer0 can operate as either a timer or a counter; the timer/counter.

mode is selected with the TOCS bit (TOCON<5>). In

Timer mode (TOCS = 0), the module increments.on 112 Timer0 Reads and Writes in

every clock by default unless a different prescaler value 16-Bit Mode

is selected (see Section 11.3 “Prescaler”). If the

TMRO register is written 1o, the increment is inhibited TMROH is not the actual high byte of Timer0 in 16-bit

for the following two instruction cycles. The user can mode: it is actually a puffered version of the real high

work around this by writing an adjusted value to the pyte of Timer0 which is not directly readable nor writ-

TMRO register. able (refer to Figure 11-2). TMROH is updated with the

The Counter mode is selected by setting the TOCS bit contents of the high byte of Timer0 during a read of

TMROL. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte were valid, due to a rollover between

(= 1). In this mode, Timer0 increments either on every
rising or falling edge of pin RA4/TOCKI. The increment-
ing edge is determined by the Timer0 Source Edge

Select bit, TOSE (TOCON<4>); clearing this bit selects successive reads of the high and low byte.
the rising edge. Restrictions on the external clock input Similarly, a write to the high byte of Timer0 must also
are discussed below. take place through the TMROH Buffer register. The high

byte is updated with the contents of TMROH when a
write occurs to TMROL. This allows all 16 bits of Timer0
to be updated at once.

An external clock source can be used to drive Timer0;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

FIGURE 11-1:

TIMERC BLOCK DIAGRAM (8-BIT MODE)

I Programmable I
3

Fosc/4

TOCKI pin i

TOSE
TOCS
TOPS2:TOPSQ """
PSA

Sync with Set
Internal B m p- TMROIF
Clocks on Overflow
Prescaler :
resce® (2 Tov Delay)

3

Internal Data Bus

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKi max. prescale.

FIGURE 11-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)

Foscl4

Sync with Set
internal B TMROIF
TOCKI pin Programmable Clocks on Overflow
Prescaler
TOSE Y (2 Tey Delay)
Tocg ———— 3 Read TMROL
» TOPS2: TOPSQ =" . R
PSA Write TMROL

R,

_ﬂ

Internal Data Bus

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCK! max. prescale.
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12.0 TIMER1 MODULE

The Timer1 timer/counter module incorporates these
features:

« Software selectable operation as a 16-bit timer or
counter

+ Readable and writable 8-bit registers (TMR1H
and TMR1L)

+ Selectable clock source (internal or external) with
device clock or Timer1 oscillator internal options

* Interrupt-on-overflow
- Reset on CCP Special Event Trigger
= Device clock status flag (T1RUN)

A simplified block diagram of the Timer! module is
shown in Figure 12-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 12-2.

The module incorporates its own low-power oscillator
to provide an additional clocking option. The Timer1
oscillator can also be used as a low-power clock source
for the microcontroller in power managed operation.

Timer1 can also be used to provide Real-Time Clock -

(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

Timer1 is controlled through the T1CON Control
register (Register 12-1). It also contains the Timer1
Oscillator Enable bit (T1OSCEN). Timer1 can be
enabled or disabled by setting or clearing contral bit,
TMR1ON (T1CON<0>).

REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| RD16 | TARUN | T1CKPS1 [ T1CKPS0 | TIOSCEN | TISYNG | TMR1CS | TMRION

bit 7

bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of TImer1 in one 16-bit operation
0 = Enables register read/write of Timer1 in two 8-bit operations

bit 6 T1RUN: Timer1 System Clock Status bit

1 = Device clock is derived from Timer1 oscillator
0 = Device clock is derived from another source

bit 5-4 T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T10SCEN: Timer1 Oscillator Enable bit

1 = Timer1 oscillator is enabled
0 = Timer1 oscillator is shut off

The oscillator inverter and feedback resistor are turned off to eliminate power drain.
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit

When TMR1CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR1CS = 0:

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RCO/T10SO/T13CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

Legend:
R = Readable bit

W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set

‘0’ = Bit is cleared x = Bit is unknown
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121 Timer1 Operation - cycle (Foscl4). When the bit is set, Timer1 increments

) on every rising edge of the Timer1 external clock input

Timer1 can operate in one of these modes: " or the Timer1 oscillator, if enabled.

» Timer When Timer1 is enabled, the RG1/T10S! and RCO/

- Synchronous Counter T10SOIT13CKI pins become inputs. This means the

. Asynchronous Counter values of TRISC<1:0> are ignored and the_pins are
read as ‘0’

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>). When TMR3CS is cleared
(= 0), Timer1 increments on every internal instruction

FIGURE 12-1:

Timer1 Oscillator Timer1 Clock Input
T onfoft
T10SOIT13CKI T ' !
A ‘
! Foscl4 1 Detect
A ) Internal 2.4 .f c

T108I }{ Clock

TIMER1 BLOCK DIAGRAM

T OSCENW TMR1CS Sleep Input Timer1
T1CKPS1:T1CKPS0 ' OnlOff
TISYNC
TMR1ON

(CCP Special Event Trigger) on Overflow

Note 1: When enable bit, T10SCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

FIGURE 12-2:

Timer1 Oscillator Timer1 Clock lnput
T10SO/T13CKI '| e o
. Q Prescaler SyrIChromze
. ' Foscl4 ¥ Detect
' A Internal

T108! }‘ ' Clock

""" * Sleep Input

T103CEN(‘) TMR1CS Timer1
T1CKPS1:T1CKPS0 ' On/off
TISYNC

TMR1ON

TIMER1 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)

. TMRA Set
Clear TMR1 m High Byle TMRAIF

(CCP Special Event Trigger) on Overflow

‘A v Read TMRIL
lm Write TMR1L

l

_ﬁ Internal Data Bus

Note 1: When enable bit, T10SCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.
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i . cycle (Fosc/4). When the bit is set, Timer1 increments
Timer1 Operation ~ on every rising edge of the Timer1 external clock input
-an operate in one of these modes: or the Timer1 oscillator, if enabled.

When Timer1 is enabled, the RC1/T10SI and RCO/

T10SO/T13CKI pins become inputs. This means the

ounter /
ronous © values of TRISC<1:0> are ignored and the pins are

chronous Counter

i == < select read as ‘0.
erating mode is determined by the clo—— - —< 8
R1CS (T1CON<1>). wWhen TMR3CS i== <leared
Timer1 increments on every internal in =—m————— —gruction
°E 124:  TIMER1 BLOCK DIF——— —=a«GRAM
i 4 Oscillator - Timer1 Clock Input
Timert =2 . on/off 1
. I I‘ " 1 . B
)SOIT13CKI . o d Prescaler Synchronize
' . P "3 SC/4 1,2,4,8 £ Detect 0
' L e —mm—ernal
s ' c— == —===>Ck 0 \ \
T108! ; ' 2
e e - . Sleep Input Timer
T10SCEN® MR e S oniof
T4CKPS1T1 CKPSO0
~ TISYNC ‘ )
TMR1ON -
Set
Cleea = T MR1 ——————‘—’r TMR1L | H—ig\lf%l'te TMRAIF
(cc == === pecial Event Trigger) on Overflow

4: When enable bit T10SCEN, is clear &= =% , the inverter and feedback resistor are turned off to eliminate power drain.
ote 1: , : -

SURE 12-2: TIMER1 BLOCK[=» T __=\GRAM (16-BIT READ/WRITE MODE)
3 b 4
Timer1 Oscillator Timer1 Clock Input :
R :
' ! 1 -
T10S0/T13CK! \ ) Prescaler Synchronize
' ' Fosc/4 1,2,4,8 § Detect 0
' internal
' L . Clock 0 4\ ] l
T108! ; . Y2
e Sleep Input
T OSCEN(“ TANAR B —3 CS . -gm/g:f
T1CKPS1T1CKPS0 n
T1SYNC
TMR10ON
TMRT Set
32— ——— 13 TMR1 TMR1L l High Byte TMR1IE
(o =—"" ==— Special Event Trigger) T\ on Overflow
Read TMR1L
Write TMR1L
T8

8 .
<, Vi ﬂ> Internal Data Bus

Note 1: When enable bit T10SCEN, is =1 == = red, the inverter and feedback resistor are turned off to eliminate power drain.
ote 1: ! '
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12.2 Timer1 16-Bit.Read/Write Mode

Timer1 can be configured for 16-bit reads and writes
(see Figure 12-2). When the RD16 control bit
(T1CON<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timer1. A read
from TMR1L will load the contents of the high byte of
Timer1 into the Timer1 high byte buffer. This provides
the user with the ability to accurately read all 16 bits of
Timer1 without having to determine whether a read of
the high byte, followed by a read of the low byte, has
become invalid due to a rollover between reads.

A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. The Timer1 high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits fo both the high and low bytes of Timer1 at once.

The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler.
The prescaler is only cleared on writes to TMR1L.

12.3 Timer1 Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins T10S! (input) and T1 0SO (amplifier out-
put). Itis enabled by setting the Timer1 Oscillator Enable
bit, TIOSCEN (T1CON<3>). The oscillator is a low-
power circuit rated for 32 kHz crystals. It will continue to
run during all power managed modes. The circuit for a
typical LP oscillator is shown in Figure 12-3. Table 12-1
shows the capacitor selection for the Timer1 oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.
FIGURE 12-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR

c1
27 oF PIC18FXXXX
| T10SI
XTAL
32.768 kHz
L—@— T10S0
c2
27 pF

Note: See the Notes with Table 12-1 for additional

information about capacitor selection.

TABLE 12-1: CAPACITOR SELECTION FOR

THE TIMER OSCILLATOR
Osc Type Freq c1 Cc2

LP 32 kHz 27 pF(M 27 pFt)

12.3.1 USING TIMER1 AS A
CLOCK SOURCE

The Timer1 oscillator is also available as a clock source
in power managed modes. By setting the clock select

- bits, SCS1:5CS0 (OSCCON<1:0>), to ‘01’, the device

switches to SEC_RUN mode; both the CPU and
peripherals are clocked from the Timer1 oscillator. If the .
IDLEN bit (OSCCON<7>) is cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode. Additiona! details are available in Section 3.0
“power Managed Modes”.

Whenever the Timer1 oscillator is providing the clock
source, the Timer1 system clock status flag, TTIRUN
(T1CON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timeri oscillator fails while providing the clock, poliing
the T1RUN bit will indicate whether the clock is. being
provided by the Timer1 oscillator or another source.

12.3.2 LOW-POWER TIMER1 OPTION

The Timer1 oscillator can operate at two distinct levels
of power consumption baséd on device configuration.
When the LPT10SC configuration bit is set, the Timer1
oscillator operates in a low-power mode. When
LPT10SC is not set, Timer1 operates ata higher power
level. Power consumption for a particular mode is rela-
tively constant, regardless of the device's operating
mode. The default Timer1 configuration is the higher
power mode.

As the low-power Timer1 mode tends to be more sen-
sitive to interference, high noise environments may
cause some oscillator instability. The low-power option
is, therefore, best suited for low noise applications
where power conservation is an important design
consideration.

©® 2004 Microchip Technology Inc.

Preliminary

DS39631A-page 129

=

W



PIC18F2420/2520/4420/4520

1233  TIMER1 OSCILLATOR LAYOUT
CONSIDERATIONS

The Timer1 oscillator circuit draws very little power'

during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 12-3, should be
located as close as possible to the microcontrolier,
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the oscilla-
tor (such as the CCP1 pin in Output Compare or PWM
mode, or the primary oscillator using the OSC2 pin), a
grounded guard ring around the oscillator circuit, as
shown in Figure 12-4, may be helpful when used on a
single-sided PCB or in addition to a ground plane.

FIGURE 12-4: OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING

O oo

Vss

il OsC1

osc2

RCO

4 RC1 i

RC2

Note: Not drawn to scale.

12.4 Timer1 Interrupt

The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
Timer1 interrupt, if enabled, is generated on overflow,
. which is latched in interrupt flag bit, TMR1IF
(PIR1<0>). This interrupt can be enabled or disabled
by setting or clearing the Timer1 Interrupt Enable bit,
TMR1IE (PIE1<0>).

12.5 Resetting Timer1 Using the CCP
Special Event Trigger

If either of the CCP modules is configured to use Timer1
and generate a Special Event Trigger in Compare mode
(CCP1M3:CCP1MOQ or CCP2M3:CCP2MO = 1011), this
signal will reset Timer1. The trigger from CCP2 will also
start an A/D conversion if the A/D module is enabled
(see Section 15.3.4 “Special Event Trigger” for more
information).

The module must be configured as either a timer or a
synchronous counter to take advantage of this feature.
When used this way, the CCPRH:CCPRL register pair
effectively becomes a period register for Timer1.

If Timer is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timer1 coincides with a
special Event Trigger, the write operation will take
precedence.

12.6 Using Timer1 as a Real-Time Clock

Adding an external LP oscillator to Timer1 (such as the
one described in Section 12.3 “Timer1 Oscillator”
above) gives users the option to include RTC function-
ality to their applications. This is accomplished with an
inexpensive watch crystal to provide an accurate time
base and several lines of application code to-calculate
the time. When operating in Sleep mode and using a
battery or supercapacitor as a power Source, it can
completely efiminate the need for a separate RTC
device and battery backup.

The application code routine, RTCisr, shown in
Example 12-1, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1-reg-
ister pair to overflow triggers the interrupt and calls the
routine, which increments the seconds counter by one;
additional counters for minutes and hours are
incremented as the previous counter overflow.

Since the register pair is 16 bits wide, counting up o
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to pre-
load it; the simplest method is to set the MSb of TMR1H
with a BSF instruction. Note that the TMR1L register is
never preloaded or altered; doing so may introduce
cumulative error over many cycles.

For this method to be accurate, Timer! must operate in

Asynchronous mode and the Timer1 overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine, RTCinit. The Timer1 oscillator must also be
enabled and running at all times.
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EXAMPLE 12-1:  IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE
RTCinit
MOVLW 80h ; Preload TMRL register pair
MOVWF TMR1H ; for 1 second overflow
CLRF TMR1L
MOVLW b’00001111’ ; Configure for external clock,
MOVWF T1CON ; Asynchronous operation, external oscillator
CLRF secs ; Initialize timekeeping registexs
CLRF mins ; !
MOVLW .12
MOVWF hours
BSF PIE1, TMRLIE ; Enable Timerl interrupt
RETURN
RTCisx
BSF " TMR1H, 7 ; Preload for 1 sec overflow
BCF PIR1, TMR1IF ; Clear interrupt flag
INCF secs, F ; Increment seconds
MOVLW .59 ; 60 seconds elapsed?
CPFSGT secs
RETURN ; No, done
CLRF secs ; Clear seconds
INCF mins, F ; Increment minutes
MOVLW .59 ; 60 minutes elapsed?
CPFSGT mins"
RETURN ; No, done
CLRF mins ; clear minutes
INCF hours, F ; Increment hours
MOVLW .23 ; 24 hours elapsed?
CPFSGT hours
RETURN ; No, done
CLRF hours ; Reset hours
RETURN ; Done

TABLE 12-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 Values
on page
INTCON | GIE/GIEH | PEIE/GIEL INTOIE; RBIf 49
PIR1 _Ps : F. TMR1IF 52
PIE1" TMR1IE 52
IPR1 TMR1IP 52
TMRI1L Timer1 Register, Low Byte 50
TMR1H  |Timer1 Register, High Byte 50
T1CON RD16 .| T1RUN |T1CKPS1 ‘ T1CKPSO0 | T1OSCEN T1SYNC | TMR1CS | TMR1ON 50
Legend: Shaded cells are not used by the Timer1 module.

Note 1: These bits are unimplemented on 28-pin devices; always maintain these bits clear.
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14.0 TIMER3 MODULE

A simplified block diagram of the Timer3 module is
shown in Figure 14-1. A block diagram of the module’s

The Timer3 module timer/counter incorporates these operation in Read/Write mode is shown in Figure 14-2.

fi : ) ;

eatures . o The Timer3 module is controlled through the T3CON

. Software selectable operation as a 16-bit imer or register (Register 14-1). It also selects the clock source
counter

Readable and writable 8-bit registers (TMR3H

and TMR3L)

options for the CCP modules (see Section 15.1.1
«CCP Modules and Timer Resources” for more
information).

Selectable clock source (internal or external) with
device clock or Timer1 oscillator internal options
Interrupt-on-overflow

Module Reset on CCP Special Event Trigger

REGISTER 14-1:

bit 7

bit 6,3

bit 5-4

bit 2

bit 1

bit 0

T3CON: TIMER3 CONTROL REGISTER

W0 RW-0 RWO  RW-0  RW-0 RW-0 RMW-0 _ RMW-D

[RD16_| T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | TSSYNG TMR3CS | TMR3ON |
bit 7 bit 0

RD16: 16-bit Read/Write Mode Enable bit
1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations
T3CCP2:T3CCP1: Timer3 and Timer1 to CCPx Enable bits
1x = Timer3 is the capture/compare clock source for the CCP modules
01 = Timer3 is the capture/compare clock source for CCP2;
Timert is the capture/compare clock source for CCP1
00 = Timer1 is the capture/compare clock source for the CCP modules
T3CKPS1:T3CKPS0: Timer3 input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)
When TMR3CS = 1:
1 = Do not synchronize external clock inpuf
0 = Synchronize external clock input
When TMR3CS = 0:
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timer1 oscillator or T13CKI (on the rising edge after the first
failing edge)
o0 = Internal clock (Fosc/4)
TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

Legend:
R = Readable bit W = Writable bit - U= Unimplemented bit, read as ‘0’
-n = Value at POR 4" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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13.0 TIMER2 MODULE

The Timer2 module timer incorporates the following

features: '

. 8-bit timer and period registers (TMR2 and PR2,
respectively) .

. Readable and writable (both registers)

. Software programmable prescaler (1:1, 1:4 and
1:16)

. Software programmable postscaler (1:1 through
1:16) .

« Interrupt on TMR2-to-PR2 match

« Optional use as the shift clock for the MSSP
module

The module is controlied through the T2CON register

(Register 13-1), which enables or disables the timer

and configures the prescaler and postscaler. Timer2

can be shut off by clearing control bit, TMR20ON

(T2CON<2>), to minimize power consumption.

A simpiified block diagram of the module is shown in

Figure 13-1.

13:1 Timer2 Operation

in normat operation, TMR2 is incremented from 00h on
each clock (Fosc/4). A 4-bit counter/prescaler on the
clock input gives direct input, divide-by-4 and divide-by-
16 prescale options; these are selected by the prescaler
control bits, T2CKPS1:T2CKPS0 (T2CON<1:0>). The
value of TMR2 is compared to that of the period register,
PR2, on each clock cycle. When the two values match,
the comparator generates a maich signal as the timer
output. This signal also resets the value of TMR2 to 00h
on the next cycle and drives the output counter/
postscaler (see Section 13.2 “Timer2 Interrupt”).

The TMR2 and PR2 registers are both directly readable

and writable. The TMR2 register is cleared on any

device Reset, while the PR2 register initializes at FFh.

Both the prescaler and postscaler counters are cleared

on the following events:

- a write to the TMR2 register

- a write to the T2CON register

- any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

'REGISTER 13-1:  T2CON: TIMER2 CONTROL REGISTER

U-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

T20UTPS3] T20UTPS2| T20UTPS1 | T20UTPS0 TMR20ON TZCKPS'II T2CKPSil

bit 7

bit 7 Unimplemented: Read as ‘0’

bit 0

bit6-3 T20UTPS3:T20UTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 = Timer2 is on
0 = Timer2 is off

bit1-0 T2CKPS1:T2CKPS0: TiMerZ Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaler is 16

Legend:
R = Readable bit

‘ W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set

‘0" = Bit is cleared x = Bit is unknown
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13.2 ~ Timer2 Interrupt

Timer2 also can generate an optional device interrupt.
The Timer2 output signal (TMR2-to-PR2 match) pro-
vides the input for the 4-bit output counter/posiscaler.
This counter generates the TMR2 match interrupt flag
which is latched in TMR2IF (PIR1<1>). The interrupt is
enabled by setting the TMR2 Match Interrupt Enable
bit, TMR2IE (PIE1<1>).

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T20UTPS3:T20UTPS0 (T2CON<6:3>).

13.3 Timer2 Output

The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can be optionally used as the shift clock source
for the MSSP module operating in SPI mode. Addi-
tional information is provided in Section 17.0 “Master
Synchronous Serial Port (MSSP) Module”.

FIGURE 13-1: TIMER2 BLOCK DIAGRAM
4 ) )
T20UTPS3:T20UTPS0 1:1 10 1:16 Set TMR2IF
Postscaler
2
T2CKPS1:T2CKPS0 ——i— Y , TMR2 Output
to PWM or MSSP
v , A TMR2/PR2 ( )
T y Reset Match
1, 1:4, 1:16
J— PR2
Fosc/4 Prescaler TMR2 ComparatcLK_———:( J

@a

Internal Data Bus <‘ﬁ

>

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

" Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

: : on page
INTCON | GIE/GIEH | PEIE/GIEL MROIE T0 49
PIR1 | PSPIFML | ADIE TMR2IF 52
PIE1 | TMR2IE .52
IPR1 TMR2IP 52
TMR2 |Timer2 Register . 50
T2CON TT20UTPS3| T20UTPS2| T20UTPS T20UTPSO| TMR20ON | T2CKPS1 | T2CKPS0 50
PR2 Timer2 Period Register ’ 50

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.

Note 1: These bits are unimplemented on 28-pin devices;

always maintain these bits clear.
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