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ABSTRACT

As the life is getting more complicated, every one in this world searches for the

comfortable life, thus in the modem life the buildings are getting longer, which invite us to

use the elevators, the elevators are controlled by PIC microcontrollers where they are

replaced with the old wired control systems.

Actually, the elevators are the solution of carrying heaviness over long heights,

therefore the need increased recently for these elevators, so the incremental demands made

this project one of the optimum business alternatives.

This project represents the elevator prototype that is controlled by using PIC

microcontroller, this graduation project consists software and hardware sides, whereas the

software side includes microBasic language, compiler is used to compile the instructions

for the typed program and respectively the IC prog is going to send the data to the

programmer.

The elevator consists of three storeys and it has a bush buttons as callers thus the

stepper motor are rotating up or down according to the place of the elevator's room so this

mechanism needs a specific time.

The fully detailed explanations are included about the microBasic language and its

compiler; the electronic components are explained as well.
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INTRODUCTION

The elevator is a very important auxiliary tool in the modem life where the long

buildings are existed, so to be familiar with this application I have chosen this project

which considered as a good starting point for successful business, thus the modem

programmed elevators use PIC microcontrollers.

The uncountable advantages were the cause of preference it against the wired

control systems and it took that ease during the control applications by the possibility of

varying and fixing the action from the software program.

Fundamental problems related with hardware and software implementation are

considered, a fully detailed explanation have provided in the chapters as following:

The first chapter represents classification of electronic components which used

in the elevator prototype project, the data sheets, pieces shapes and their functions were

included into this chapter.

Chapter two is devoted to the microcontrollers generally whereas the

PIC16F877A was specified because of its adjectives which give it impartiality existence

in the manufacture control fields.

Chapter three presents the information about the microBasic language and its

compiler which convert the instructions among the user and the programmer.

Chapter four is devoted to the programmer and its construction with a

declaration of the PIC's that can be placed upon the Ziff socket.

Chapter five talks about the elevator prototype using microcontrollers' project,

circuit diagrams are explained with their functions, thus the analyses of the circuits are

followed respectively.

The conclusion presents important results and notifications about the elevator

prototype project by the author of the thesis and practical realization of the elevator

prototype using microcontrollers' project.
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CHAPTER ONE

ELECTRONIC COMPONENTS

1.1 Overview

This chapter presents an introduction to electronic components that are commonly

used in hardware projects. Safety guidelines for electronic projects will also be

described.

1.2 Components

In this section a detailed explanation will be given for each hardware component

used in setting up the electronic circuit.

1.2.1 Resistors

Resistors are electronic components used extensively on the circuit boards of

electronic equipment. Resistors are usually used to limit current.

They are color coded with stripes to reveal their resistance value (in ohms) as well

as their manufacturing tolerance. Resistors, like diodes and relays, are another of the

electrical components that should have a section in the installer's parts bin. They have

become a necessity for the mobile electronics installer, whether it is for door locks,

timing circuits, remote starts, or just to discharge a stiffening capacitor.

Resistors are components that resist the flow of electrical current in the case of

higher value of resistance is located (measured in ohms) then the lower current will be

measured.

Resistors are color coded to read the color code of a common 4 band 1K ohm

resistor with a 5% tolerance, start at the opposite side of the GOLD tolerance band and

read from left to right. Write down the corresponding number from the color chart

below for the 1st color band BROWN. To the right of that number, the corresponding
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number should be written for the 2nd band BLACK. Now that number should be

multiplied (it should have 1 O) by the corresponding multiplier number of the 3rd band

(RED) (100). Your answer will be 1000 or IK. As shown in figure 1.1.

If a resistor has 5 color bands, the corresponding number of the 3rd band has to be

written to the right of the 2nd before multiplying it by the corresponding number of the

multiplier band. If only 4 color bands that include a tolerance band, this column must be

ignored and gone straight to the multiplier.

The tolerance band is usually gold or silver, but some may have none. Because

resistors are not the exact value as indicated by the color bands, manufactures have

included a tolerance color band to indicate the accuracy of the resistor. Gold band

indicates the resistor is within 5% of what is indicated. Silver = 10% and None = 20%.
The IK ohm resistor in the example below, may have an actual measurement any where

from 950 ohms to 1050 ohms. If a resistor does not have a tolerance band, start from the

band closest to a lead. This will be the 1st band. If the color bands unable to be read

than the multimeter has to be used.

Figure 1.1 Resistor [11]
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1.2.2 Capacitors

A capacitor is an electronic device which consists of two plates (electrically

conductive material) separated by an insulator. The capacitor's value (its 'capacitance')

is largely determined by the total surface area of the plates and the distance between the

plates (determined by the insulator's thickness).

A capacitor's value is commonly referred to in microfarads, one millionth of a farad.

It is expressed in micro farads because the farad is such a large amount of capacitance

that it would be impractical to use in most situations.

1.2.2.1 Capacity

In the following diagram (Figure 1.2), 2 tanks are seen (capacitors) of different

diameter (different capacitance). It should be readily understood that the larger tank can

hold more water (if they're filling to the same level (voltage)). The larger capacitor has

more area in which to store water. Just as the larger capacitor's larger plate area would

be able to hold more electrons.

Figure 1.2 Capacities [8]
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1.2.2.2 Capacitor and DC voltage

When a DC voltage source is applied to a capacitor there is an initial surge of

current, when the voltage across the terminals of the capacitor is equal to the applied

voltage, the current flow stops. When the current stops flowing from the power supply

to the capacitor, the capacitor is 'charged'. If the DC source is removed from the

capacitor, the capacitor will retain a voltage across its terminals (it will remain charged).

The capacitor can be discharged by touching the capacitor's external leads together.

When using very large capacitors (1/2 farad or more) in a car, the capacitor partially

discharges into the amplifier's power supply when the voltage from the alternator or

battery starts to fall. The discharge is only for a fraction of a second. The capacitor can

not act like a battery. It only serves to fill in what would otherwise be very small dips in

the supply voltage .

1.2.2.3 Capacitors and AC voltage

Generally, if an AC voltage source is connected to a capacitor, the current will flow

through the capacitor until the source is removed. There are exceptions to this situation

and the A.C. current flow through any capacitor is dependent on the frequency of the

applied A.C. signal and the value of the capacitor.

1.2.3 Semiconductor

Semiconductor has a large amount of types. Transistors have three lead-out wires

are called the base, emitter and conductor. It is essential that these are connected

correctly, as there is no chance of project working if they are not. Fortunately modern

transistors are not easily damaged, and incorrect connection is not likely to damage a

device (or other components in the circuit) only one type is used in this project to drive

a required voltage to a solenoid locks.
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1.2.3.1 Diodes

Diodes are non-linear circuit elements. It is made of two different types of

semiconductors right next to each other. Qualitatively we can just think of an ideal

diode has having two regions: a conduction region of zero resistance and an infinite

resistance non-conduction region. For many circuit applications, the behavior of a

(junction) diode depends on its polarity in the circuit. If the diode is reverse biased

(positive potential on N-type material) the current through the diode is very small. The

following figures show the characteristic of diode.

Figure 1.3Diode [12]

• Forward Biased P-N Junction: forward biasing the p-n junction drives holes to the

junction from the ~ material and electrons to the junction from the n-type

material. At the junction the electrons and holes combine so that a continuous current

can be maintained.

-
H'olfı ÇtlfTOf:lt

I p lıj ı---------

Figure 1.4 Forward Biased P-N Junction [12]
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• Reverse Biased P-N Junction: the application of a reverse voltage to the p-n

junction will cause a transient current to flow as both electrons and holes are pulled

away from the junction. When the potential formed by the widened depletion layer

equals the applied voltage, the current will cease except for the small thermal current

Figure 1.5 Reverse Biased P-N Junction [12]

1.2.3.2 Led

The leds are used in our project as different colors tell that which level of elevator

that we are in. Thus each color has its own threshold voltage, so several values of

resistors should be connected to protect leds, the led connection appears in figure 1.6.

LED connec:tioneı

Finger 1.6 LED Connections [6]
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1.2.3.3 Transistors

A Bipolar Transistor essentially consists of a pair of PN Junction Diodes that are

joined back-to-back. This forms a sort of a sandwich where one kind of semiconductor

is placed in-between two others. There are therefore two kinds of bipolar sandwich, the

NPN and PNP varieties. The three layers of the sandwich are conventionally called the

Collector, Base, and Emitter. The reasons for these names will become clear later once

we see how the transistor works. As shown in the figure 1. 7 there are two symbol of

type of bipolar transistors.

~iiq~©
~,t q ~- ()

Figure 1.7 Symbol ofNPN and PNP transistors [6]

Some of the basic properties exhibited by a Bipolar Transistor are immediately

recognizable as being diode-like. However, when the 'filling' of the sandwich is fairly

thin some interesting effects become possible that allow us to use the Transistor as an

amplifier or a switch. To see how the Bipolar Transistor works we can concentrate on

The NPN variety. The figure 4.8 shows the energy levels in an NPN transistor.

NPN Bipolar Transistor

Figure 1.8 the energy levels in an NPN transistor [6]
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Figure 1.8 shows the energy levels in an NPN transistor when we aren't externally

applying any voltages. We can see that the arrangement looks like a back-to-back pair

of PN Diode junctions with a thin P-type filling between two N-type slices of 'bread'. In

each of the N-type layers conduction can take place by the free movement of electrons

in the conduction band. In the P-type (filling) layer conduction can take place by the

movement of the free holes in the valence band. However, in the absence of any

externally applied electric field, we find that depletion zones form at both PN-Junctions,

so no charge wants to move from one layer to another.

Consider now what happens when we apply a moderate voltage between the

Collector and Base parts of the transistor. The polarity of the applied voltage is chosen

to increase the force pulling the N-type electrons and P-type holes apart. (I.e. we make

the Collector positive with respect to the Base.) This widens the depletion zone between

the Collector and base and so no current will flow. In effect we have reverse-biased the

Base-Collector diode junction. The precise value of the Base-Collector voltage we

choose doesn't really matter to what happens provided we don't make it too big and

blow up the transistor! So for the sake of example we can imagine applying a 1 O Volt

Base-Collector voltage. As shown in the figure 1 .9 the applying collector-base voltage.

Figure 1.9 the applying collector-base voltage [6]
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1.2.4 Switches

1.2.4.1 (ON)-OFF Push-to-make

A push-to-make switch returns to its normally open (OFF) position when the button

is released, this is shown by the brackets around ON. This is the standard doorbell

switch, show figure 4.1O.

Figure 1.10 Push-to-make switches [7]

1.2.4.2 ON-(OFF) Push-to-break

A push-to-break switch returns to its normally closed (ON) position when the

button is released, show figure 1.11.

Figure 1.11 Push-to-break switches [7]
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1.2.5 Solenoid lock

This solenoid locks have been connected to the circuit for adapting the case of doors

during the movement of elevator's box, thus in the case of affecting by electrical pulse,

it going to be open immediately, while normally they are closed.

The figure 1. 12 shows the shape of solenoid lock which contains a coil affecting

magneto motive force upon a central bar.

Figure 1.12 Solenoid Lock

1.2.6 Stepper Motor

Stepper motors operate differently from DC motors. When power is applied to a DC

motor, the rotor begins turning smoothly. Speed is measured in revolutions per minute

(RPM) and is a function of voltage, current, and load on the motor. The precise

positioning of the motor's rotor is not usually possible or desirable. A stepper motor, on

the other hand, runs on a controlled sequence of electric pulses to the windings of the

motor. Each pulse rotates the stepper motor's rotor by a precise increment. Each

increment of the rotor is referred to as a step, hence the name stepper motors. The figure

1.13 shows the construction of stepper motor. [ 1]

Figure 1.13 Internal construction of stepper motor
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1.2.7 L293D

The Device is a monolithic integrated high voltage, high current four channel driver

designed to accept standard DTL or TTL logic levels and drive inductive loads (such as

relays solenoids, DC and stepping motors) and switching power transistors.

To simplify use as two bridges each pair of channels is equipped with an enable

input, a separate supply input is provided for the logic, allowing operation at a lower

voltage and internal clamp diodes are included.

This device is suitable for use in switching applications at frequencies up to 5 kHz,

the L293D is assembled in a 16 lead plastic package which has 4 center pins connected

together and used for heat sinking. The L293DD is assembled in a 20 lead surface

mount which has 8 center pins connected together and used for heat sinking.

Figure 1.14 L293D block diagram
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1.3 Safety Guidelines

In this project, low voltage applications are used. Thus, safety guidelines are not in

concern of human safety but in components safety, although we cannot avoid the

technical mistakes witch can occur during connecting parts and soldering them to the

circuit, so we have to be careful from current and heat.

• One of the components which are used in this circuit is the chemical capacitor, this

element has two poles and when connected to the circuit we have to care about its

polarity so as to avoid damaging it.

• While connecting the circuit components to the power supply we have to be aware of

misconnecting its polarity to assure the safety of used components.

• While the circuit is on, avoid touching the sensitive components like the transistor,

diodes to avoid interfering with the out put signal.

• While soldering the parts to the circuit we have to be careful so as not to bum the

parts which are sensitive and can be harmed by heat.

1.4 Summary

This chapter presented an introduction to electronic components that are commonly

used in hardware projects and how they function, how they must be connected. By

applying the safety guidelines.

12



CHAPTER TWO

MICROCONTROLLERS

2.1 Overview

This chapter presents information on microcontrollers. General characteristics of

microcontrollers in addition to their advantages which gives a significant role among the

control fields are presented.

2.2 What is a Microcontroller?

A microcontroller is an inexpensive single-chip computer. Single chip means that the

entire computer system lies within the confines of the integrated circuit. The

microcontroller existing on the encapsulated sliver of silicon has features and similarities to

our standard personal computers. Primarily, the microcontroller is capable of storing and

running a program, its most important feature.

The microcontroller contains a central processing unit (CPU), random-access memory

(RAM), read-only memory (ROM), electrically erasable programmable read-only memory

(EEPROM), input I output (1/0) lines, serial and parallel ports, timers, and other built-in

peripherals, such as analog-to-digital (AID) and digital-to-analog (DIA) converters.

The microcontroller's ability to store and run unique programs makes it extremely

versatile. For instance, a microcontroller can be programmed to make decisions and

perform functions based on predetermined situations (I/O line logic) and selections its

electronic circuits.
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Other programs can make the microcontroller behave like a neural circuit or a fuzzy

logic controller. Microcontrollers are responsible for the intelligence in most smart devices

on the consumer market.

Microcontrollers are the future of electronics, so that look in any hobbyist electronics

magazine and you will see articles that feature the use of microcontrollers either directly or

embedded inside a circuit's design. Because of their versatility, they add a lot of power,

control, and options for a small cost. It ,therefore, becomes essential that the electronics

engineer or hobbyist learns to program these microcontrollers in order to maintain a level

of competence and to gain the advantages that microcontrollers can provide in their own

circuit designs. In addition, if you examine consumer electronics, you will find

microcontrollers embedded in just about everything.

A large variety of microcontrollers exist on the market today. We will focus on a few

versatile microcontroller chip called PIC chips (or PICMicro chips) from Microchip

Technologies. Specifically, we will use PIC 16F877A because of its own advanced

features. [ l]

2.3 General Characteristic of Microcontrollers

The programmable control system and the hard-wired control system have different

criterions as written in Table 2.1, thus they have differences in criterions like strategy of

control, processing, control strategy adjustment, the occupied area, the cost, chronological

functions assurance, repetition of control system, reliability, allocation in network and

maintenance.

These comparisons between several control systems show us the significant role of

microcontroller as the programming control system.
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Table 2.1 Comparisons between several control systems [2]

Criterion Hard-wired Programmable

Strategy of control. Elements with wires in a Program in a circuit.
circuit.

Processing. Depends on relays and Programmable by
other elements. computer's processor.

control strategy Very complicated. Easy by varying the
adjustment. program.

The occupied area. Very big area. Very small area.

The cost. Expensive cheap

Chronological functions Done by timer relays. Done by programmed
assurance. chronological timers
Repetition of control Needs a high effort. Only copying the program.
system.

Reliability. Low because of the High because of the
mechanical movement. electronic elements usage.

Allocation in network Very hard. Simple.

Maintenance. Needs a time and Directly and no need for
monetary ability. payment.

According to what we have read from the table, microcontrollers are preferred to other

hard-wired control system. The difference between the microcontroller and the

microprocessors that the microcontroller contains RAM, ROM and EEPROM with

addition to the peripherals system communication ports beside ADCs analog to digital

converters, the comparison appears in the following table (table 2.2):

15



Table 2.2 Comparisons between microprocessors and microcontrollers [2]

Characteristics Microprocessor Microcontroller

ALU. Available Available
PC. Available Available

ROM,RAM. Not available Available
Timers/Counters. Not available Available

I/O Ports. Not available Available
Communication Ports. Not available Available
ADC, PWM, Capture, Not available Available
Data EEPROM, LCD

Driver.
Addressing Available Available

We can express the relationship between the microprocessors and the microcontrollers

as: Microcontroller =Microprocessor+ some Peripherals

There are a lot of kinds of Microcontrollers such as: Atmel, Microchip, Siemens and

Matra, whereas the most popular one is Microchip's product because of its free software

availability in market over the whole world. Interestingly, the programmable logic

controllers (PLCs) are basically microcontroller provided with supporting units.

PLC = Microcontroller + supporting unit

Figure 2.1 PLC diagram [2]
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2.4 The Advantages of Microcontroller

The microcontrollers play a significant role in the control fields, which means they have

advantages effecting positively among the industrial life.

2.4.1 Coder Efficiency

The PIC technology is the 8-bit microcontroller which depends on hard technique thus

it has two separated internal paths, one of them is responsible to carry the data into data

memory and the second path aimed to carry the instructions the program memory which

refer to increasing the speed.

2.4.2 Reliability

The PIC microcontroller has a program word which limited to 12-bit or 14-bit so that

there is no possibility to be transferred erroneously to data memory which limited to 8-bit

whereas this mistake could happen within other microcontrollers.

2.4.3 Speed

To compute the speed of PIC microcontroller, the oscillator's frequency should be

divided over number 4 and accordingly we will find the wonted time for the execution of

one instruction which means that if we have 4MHz oscillator then 1 µs is the required time

for one instruction, i.e. one million instructions could be executed during one second.

The greatest number of instructions can be executed during one second is five millions

(Oscillator frequency maximized to 20MHz).

17



2.4.4 Static Operation

The PIC microcontroller has a fully static microprocessor, that means when the PIC will

be adjusted to standby case then the registers will not lose their contents.

2.4.5 Drive Capability

The PIC microcontroller could drive LED's, triacs and other components therefore it can

sink 25mA for its input ports whereas it can give about 20mA for its output ports as a

source.

2.4.6 Several Options

Several options are available in PIC microcontroller such as speed, temperature, package,

I/O pins, serial communications, ADCs.

2.4.7 Security

The PIC microcontroller has a code protection which protects the program from any

interference.

2.4.8 Versatility

The usage fields of PIC include:

1- Computer peripherals.

2- Manufacturer control systems.

18



3- Alarm and safety systems.

4- Telecommunication.

5- Management and office systems.

6- Several applications distributed over different fields.

2.4.9 Development Tools

The PIC microcontroller has several development tools such as the simulator and the

emulator with addition to many kinds of programmers and compilers.

2.5 PIC16F877 A Features

The microcontroller has a several features causing its availability among the

automation and control systems, thus microcontroller has specialty to be preferable through

practical applications.

2.5.1 General Features

• Operating speed: 20 MHz, 200 ns instruction cycle

• Industrial temperature range (-40° to +85°C)

• 15 Interrupt Sources

• 35 single-word instructions

• All single-cycle instructions except for program branches (two-cycle)

2.5.2 Special Microcontroller Features

• Flash Memory: 14.3 Kbytes (8192 words)

• Data SRAM: 368 bytes

• Data EEPROM: 256 bytes

• Self-reprogrammable under software control
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• In-Circuit Serial Programming via two pins (5V)

• Watchdog Timer with on-chip RC oscillator

• Programmable code protection

• Power-saving Sleep mode

• Selectable oscillator options

• In-Circuit Debug via two pins

2.5.3 Peripheral Features

• 33 1/0 pins; 5 1/0 ports

• TimerO: 8-bit timer/counter with 8-bit prescaler

• Timer 1: 16-bit timer/counter with prescaler

o Can be incremented during Sleep via external crystal/clock

• Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler

• Two Capture, Compare, PWM modules

o 16-bit Capture input; max resolution 12.5 ns

o 16-bit Compare; max resolution 200 ns

o IO-bit PWM

• Synchronous Serial Port with two modes:

o SPI Master

o I2C Master and Slave

• USART/SCI with 9-bit address detection

•Parallel Slave Port (PSP)

o 8-bits wide with external RD, WR and CS controls

• Brown-Out detection circuitry for Brown-Out Reset

2.5.4 Analog Features

• 1O-bit, 8-channel AID Converters

• Brown-Out Reset
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• Analog Comparator module

o 2 analog comparators

o Programmable on-chip voltage reference module

o Programmable input multiplexing from device inputs and internal VREF

o Comparator outputs are externally accessible

2.6 Microchip Families

There are three main families of Microchip and each kind of PIC contains special

features thus our PIC16F877A which we are dealing with, belongs the Mid-range family, it

consists of 40 pins and 35 instruction set. The families of Microchip are summarized as

following:

Table 2.3 The families of Microchip [3]

Low level 12xxx 8-pins 33 instruction set

Mid - range 16xxx 18-44 pins 35 instruction set

NIA 17xxx NIA NIA
High - performance 18xxx 18-84 pins 77 instruction set

2.7 Memory Types

Program memory (FLASH)-for storing a written program. Since memory made in

FLASH technology can be programmed and cleared more than once, it microcontroller

suitable device development.

EEPROM- data memory that needs to be saved when there is no supply. It is usually used

for storing important data that must not be lost if power supply suddenly stop one such data

is an assigned temperature in temperature regulators. If during a loss of power was lost, we

would have to make the adjustment once again upon return of supply. Thus our data self -

reliance.
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The read only memory relates with the model of PIC as appears in (Table 2.4) whereas

our PIC16F877A contains EEPROM (electrical erasable program read only memory).

Table 2.4 The memory ROM [3]

ROM 16CRXX

EPROM 16CXX

EEPROM I 6FXX (Flash)

RAM - data memory used by a program during its execution. In RAM are stored all inter

results or temporary data during run-time.

2.8 Core Architecture of PIC Microcontrollers

The core architectures of PIC16F877A microcontroller can be shown in Figure 1.2 and

Figure I .3 below, thus it contains 40-pins and accordingly each pin has its own function as

it going to be fully explained in the next pages.

~M1CROCHIP,~- ..~
Figure 2.2 PIC16F877A shape [4]

According to the Figure 2.3 we denoted that each pin has its own function so that to deal

with sensors and actuators several ports have been needed to response the programming

demand, therefore these ports are distributed as follows:
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PORTA-RA#~ (pin2_ pin?) = 6 pins.

PORTB-RB# ~ (pin33_ pin40) = 8 pins.

PORTC-RC# ~ (pin23 _ pin26) + (pin16 _ pin18) = 8 pins.

PORTD-RD# ~ (pint 9 _ pin22) + (pin27 _ pin30) = 8 pins.

PORTE-RE# ~ (pin8 _ pint O) = 3 pins.

All these ports can be used as inputs or outputs respectively but the important thing is to

know which kind of signal (digital or analog) they can carry.

Figure 2.3 The core architecture of PICt6F877A [4]
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