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ABSTRACT

The Final Year Project course is designed for students to perform research; design
and development work in each discipline, to produce practical solutions. It provides
opportunity for students to use the tools and techniques of problem-solving by
engagement of the project. Under proper guidance of supervisor, the students will
shape the direction in the field of interest as a preparation for approaching their
desired career path in the near future, as well as gain better understanding of the
responsibilities they have to shoulder when they undertake future projects. The
objective of this project is to produce a storage/delivery autonomous robot which will
operate in a production plant. The Scope of Study will cover areas of research done to
fulfill design requirements of project with objective and its functionality. The areas of
design requirements will include movement mechanism, electronic circuits, and
programming. These subareas are developed and integrated for implementation of the
workable robot. The project is divided into two phases; 1) intensive design research
and 2) implementation and construction. Methodology and Project Work of this
project is done by implementing a lot of research not only on the Internet but also
literature review on scholars that have completed similar robotic design. The weekly
Log Book and Progress Report is also compiled and summarized to present the
author’s progress so far. Consultation with supervisor and other FYP students had
also aid in objective of completing the author’s FYP. The author has also included
flow chart of activities planned throughout the semester to ensure maximum progress
of her FYP. The research taken with the methodology mentioned allows the author to
fulfill progress of design requirements planned in completion of the robot with
reference to the scope of study for the project. Progress and modification made
throughout project are discussed in detail, to reflect objective of project. Future

improvisation and recommendations are also suggested at the end for further research.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDY

A robot is an artificial or virtual agent, which in the physical form gives the
appearance of being alive. The artificial form (the physical agent) is an electro-
mechanical or bio-mechanical device or group of devices that can perform
autonomous or pre-programmed tasks while interacting with its surrounding
environment using sensors. A telerobot may act under the direct control of a human,
such as the robotic arm on a space shuttle, or autonomously under the control of a
programmed computer. Robots may be used to perform tasks that are too dangerous
or difficult for humans, such as radioactive waste clean-up, or may be used to
automate mindless repetitive tasks that should be performed with more precision by a

robot than by a human, such as automobile production.

Most importantly, robotics technology has offer aid to humans with various daily
activities in both industrial and domestic applications. Manual human labor is
replaced vigorously in heavy industries with long termed investment robotics that
offer high precision workmanship with little error on the production line. Robotic
technology is currently advancing to embed artificial intelligence to almost do
anything a human requires in daily life from a pet dog robot to military surveillance

robots.



1.2 PROBLEM STATEMENT

On a daily basis, there is a need to deliver load to its required drop off locations; i.e,
to drop mails in respective destinations boxes in a post office, arrange stock in a
supermarket, or even deliver printed documents from a LAN printer to its source/user.
The robot has to be abie to recognize the drop off location identification on these
blocks collected at pick up point and later deliver them at their respective drop off

points accurately without human supervision.

Either domestic or industrial use, the robot will be able to reduce human labor on
tedious repetitive task {delivery and storage). However, cost seems to be a setback
when dealing with robotics/automated systems, especially domestic or small scale
usage. The success of designing an inexpensive delivery/storage autonomous robot
would allow not ouly industrial users but home users too to utilize the autonomouys

delivery robot to ease repetitive storing task,

This has given the author the opportunity to design an inexpensive, free of human
supervision delivery autonomous robot, for industrial use on a production plant. The
autonomous robot will be able to pick up loads from a conveyor belt, and store the
loads at its respective storage areas. With this, some of the criteria set for the mobile
delivery robot are as the following. Also these criteria are used as a guide to outline

the project objective.

1. The robot must not g0 out of the given scope of work area,

2. The robot must deliver/store all loads from pick up point/conveyor belt to its
respective storage areas.

3. The robot must be able to avoid collision of obstacles along its pathway.

4. The robot must be cost effective and affordable.



area. At the same time the robot will be able to detect obstacles and avoid collision
along its pathway. Cost is to be minimize to achieve minimal expenses throughout
project. Along with cost effectiveness, the implementation of the PIC microcontrofler

or PLC controller is favored. The PIC microcontroller is used, which is cost effective

the second half of the semester to complete robot as g whole.

objective will be stated clearly as to make sure the success of the project
impiemented. The objectives of this project are as the following section.

1L3.1 Todesign a simple structure and movement mechanism for the robot

The design of the structure and movement mechanism of the robot is to be simple yet
effective for casy troubleshooting purpose. The simple mechanism can also reduce

the complexity of the programming of the robot and reduce cost,

1.3.2 To set up the boundaries of the Wworking area of the robot



their respective drop off points on a predetermined path. Robot moving out of the
specified boundaries would cause downtime and incur extra human labor cost to redo
task.

L33 To be able to avoid obstacle collision

obstacles along its path. Failure to do so wiil damage the robots body and the robot
stagnant on that position due to the obstacle blocking its way thus, causing the
objective of the robot unmet.



1.4 SCOPE OF STUDY

The scope of study can be divided into three subsections. In which interdependency
and coordination between all three subsections must be developed to produce a

functioning mobile robot.

1.4.1 Controllers and Programming

Controllers are the brain of the robot. There are various choices of controliers to
choose from. However, the cost is a heavy factor for this project. Therefore, PIiC
microcontroller has been chosen to enable the robot to be cost effective where the

programming language required for this controller is C Programming.

1.4.2 Electrical Circuits

Suitable sensors are meeded for collision avoidance system. Also other electrical
circuitry is required for proper navigation along its determined path, and proper
function of mechanical devices and to supply regulated and stable power for the

robot.

1.4.3 Robotic Movement and Mechanism

Motors and actuators are the “muscles” of the robot. Proper motors need to be
selected for desired output and tasks. Three types of motors have been identified for

the robot; Continuous Motors, Stepper Motors and Servo Motors.



L5 THE RELEVANCY OF THE PROJECT

Robotics being an important creation with the evolution of technology offers great
assistance to mankind in automation activities as briefed in the Background Study.
This FYP offers the author a great exposure in technical application and design, in
completion of her Electrical and Electronic Engineering Degree majoring in
Instrumentation. With much guidance from Supervisor, the project allows the author
to spark up her creative ideas to build an autonomous robot that can offer benefits to
the society in various ways from daily chores at homes to delivering/store keeping
tasks in a production line in a factory. The author’s project will also allow a ground
base for future undergraduates to further improve the function and design of the
autonomous robot without going through much tedious basic 101 researches on

building an autonomous robot.

1.6 FEASIBILITY OF THE PROJECT

The project is considered feasible based on the time given and also the abundance of
information on robotic systems, which are available through the Internet as well as
the resources from the library. With assistance of the supervisor and other
undergraduates, completion study of the autonomous robot within the given time
frame is made possible. Proper planning and methodology is applied to ensure
success in completion of the author’s FYP with reference of the Scope of Study

outlined,

The first haif of the project period was used to concentrate more on research and
basic structure of the robot such as the structure, mechanism and power source, The
second half semester in June 2007 of the project will be concentrated on the
implementation of research done to complete the FYP within objectives stated. This
includes building the structure, gripping and locomotion design, as well as pre-
programmed recognition of path to deliver the blocks to its required destination. As

completion of the robot is done, the author will make room for modification and



alternation to original design based on the first semester’s research in case of
improvement or complication of any kind.



CHAPTER 2
LITERATURE REVIFW

2.1 OVERVIEW

Robots may include feedback driven connection between sense and action, not under
direct human control. Responses may take form of electromagnetic motor or actuators
(effectors) which may control arm, open or close grips. Control and feedback is
provided by computer program which can be either external or internally inside the

robot itself,

There are two basic ways of using effectors, in which the first, to move the robot
around (locomotion) and the second, to move other object around (manipulation). The
distinction divides the robotics into two mostly Scparate categories: mobile robots

(moving) and manipulator robotics (grabbing).

2.2 HISTORY

The idea of artificial people dates back as the ancient legend of Cadmus, who sowed
dragon teeth that turned into soldiers, and the myth of Pygmalion, whose statue of
Galatea came to life. According to classical mythology, the deformed god of
metalwork, Hephaestus, created mechanical servants, ranging from intelligent golden
hand maidens to utilitarian three legged tables that could move about under their own

power. [7]

Czech writer Karel Capek introduced the word “ROBOT” in his play RUR
(Rossums’s Universal Robots) in 1921, Robot in Czech comes from the word
“robota” which means “compulsory labor”. The earliest ideas that could be related to
robotic is in 350B.C. by the Greek Mathematician, Archytas. He created a mechanical
bird he called “The Pigeon” which was propelled by steam. [7]



The first recorded design of a humanoid robot was done by Leonardo da Vinci
(1495). Da Vinci’s notebook contained detailed drawing for a mechanical knight that

was apparently able to sit up, wave its arms and move its head and jaw.

The first known functioning robot was created in 1783 by Jaques de Vaucanson, who
made an android that played the flute. Many considered the first robot in the modern
sense to be a teleoperated boat, similar to a modern ROV (Remote Operated Vehicle),
designed by Nikola Tesla and demonstrated at an 1898 exhibition in Madison Square
Garden. In the thirties, Westinghouse made a humanoid robot known as Electro,
which was exhibited at the 1939 and 1940 World’s Fairs. The first electronic
autonomous robot was created by Grey Walter at Bristo} University England in 1948,

18]



2.3 TYPES OF ROBOTS

Generally, the types of robots are divided into two categories in which:
1. Manipular robotics: Robots stationed in one location and able to move other

objects such as the robotic arm for material sorting process.

2. Mobile robotics: Robots which are able to move about.

2.3.1 Industrial Robots {Manipulator robotics)

Typical industrial robots do jobs that are difficult, dangerous or which high repetition.
They lift heavy objects, cut and shape fabricated parts, paint, chemical handling and
perform assembly and inspection work. These robots are able to perform quality of
work due to fatigue or weariness and they are able to operate for long hours.

Industrial robots used in the market include:

Cartesian robot/Gantry robot

Used for pick and place work, application of sealant, assembly operations,
handling machine tools and arc welding. The robot is normally mounted on a
tract on the operation floor. The Cartesian robot is the familiar of x, y, and z

axes of the machine tool.

10



Figure 2.1: Diagram of a Cartesian robot (XYZ Robot).

Cylindrical robot

Normally used for assembly operations, handling at machine tools, spot
- welding and handling at die-casting machines. It is a robot whose axes form a
cylindrical coordinate system. The movement of the joints of a cylindrical

robot generates a work shape of a cylinder.

11



Figure 2.2: Diagram of a cylindrical robot.

Spherical robot
It is able to handle machine tools, spot welding, die-casting, gas welding, and

arc welding, It is a robot whose axes for a polar coordinate system,

Figure 2.3: Diagram of a spherical robot,

SCARA robot

Popular for pick and place work, application of sealant, assembly operations

12



and handling machine tools. A robot which has two parallel rotary joints to
provide compliance in a plane. The name SCARA means Selective
Compliance Assembly Robot Arm which was introduces in the late 1970 as a
robot ideally suited for assembly task. One of the main reasons this robot
excels is because of the Compliance feature it offers. “Compliance” is a
robotic term what means that the robot or tooling is cafable of adjusting to
accommodate misalignment. [3]

Articulated robot
A robot which resembles a robotic arm, used for assembly operations, die-
casting, fettling machines, gas welding, arc welding, and spray painting. It is a

robot whose arm has at least three rotary joints,

Figure 2.4: Diagram of an articulated robot.

2.3.2 Mobile Robots

The other types of robots used are the mobile robots. These robots unlike the

industrial robots are able to move from one position to another. Such ability allows

the robots to be used in various fields such as:

Replace human labor for long and tedious work (agriculture)
Farmers drive over a slow tractor for miles every year on the same ground.

The slow speed and gentle land aliow robot navigation techniques to be
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applied to this environment. Demeter, an automatic robot harvester, is a model
for commercializing mobile robotics technology. The Demeter harvester
contains controllers, positioners, safeguards, and task software specialized to

the needs of commercial agriculture.

Investigation of hazardous and dangerous environments

The Pioneer robot is a remote reconnaissance system, used to perform
structural analysis of the Chomobyl Unit 4 reactor building. Tt is a
teleoperated mobile robot for deploying sensor and sampling payloads, a
mapper for creating photorealistic 3D models of the building interior,
equipped with tools for cutting and retrieving samples of structural materials
thus, providing an alternative to replace humans from entering hazardous

environments. [7]

Dante II, an eight-legged, tethered, robot descended into the active crater of
Mt. Spurr, an Alaskan volcano 90 miles west of Anchorage. The robot’s
mission was to walk anonymously over rough terrain in harsh environment
and determine the amount of carbon dioxide, hydrogen sulfide, and sulfur
dioxide exists in the steamy gas emanating from fumaroles in the crater, With
Dante TI, many volcanologists are saved from having to enter the craters of the

active volcanoes. [7]

Underwater exploration

Robotic underwater rovers are used to explore and gather information about
many facets of our marine environment. Project Jeremy, is collaboration
between NASA and Santa Clara University. An underwater telepresence
remotely operated vehicle (TROV) was sent by scientist into the freezing
Arctic Ocean waters to investigate the remains of a whaling fleet list in 1871,
The TROV was cable operated, which carried power and instructions down to
the robot and the robot returned video images. The TROV can also collect

artifacts and gather information about the water conditions. [71

Space robots

ROV is used for outer space terrain exploration. An ROV can be of different
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forms, such as an unmanned spacecraft that remains in flight, or a rover that
‘an move over terrain once it has landed one of the best known ROV’s is the

Sojourner rover that was deployed by the Mars Pathfinder spacecraft. [7]
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2.4 BUILDING THE BLOCKS OF ROBOTS AND AUTOMATION

Robots and automation is made up of various building blocks, in which are
interdependent to each other for the successful implementation and function of the
robot. Failure in one of these building blocks would affect the overall process of the
autoration. [3] The building blocks of a robot consist:
1. Controllers

2. Sensors and Transducers
3. Analyzers

4. Actuators

5

. Drives

External Device Sensors

(Timer and Circuits)

4 1

Analyzer
(DAC)

4

Actuator <::| Controller I:l> Drives

(PLC/PIC)

Figure 2.5: Building block components of robot and automation.
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24.1 Controllers

These devices are known as the “brain” of the robot. It is able to define any action
taken or to be performed according to the program set by the programmer., The
controllers® purposes are to monitor the coordination of the system such that a desired

behavior is achieved when an input is received.

Most common controllers used to control a robot are the PLC (Programmable Logic
Controllers; normally used in large scale industries), Microcontrollers (such as the
Programmable Input Controllers (PIC)). Data and information wiil be inputted to the

controllers, processed according to the program defined and executed via the outputs.

2.4.2 Sensors and Transducers

They are devices that generates output signal for the purpose of sensing a physical
phenomenon. The most familiar sensor of all is a manual switch. The switch is the
link between a robot and a person who desires the robot to be turned on or off. Limit
switch is another type of mechanical switch, Unlike the manual switch, the input for a
limit switch comes the mechanism itself and is not controlled by the user. Limit
switched can be used to limit the travel of a robot arm on any of it axes and motion.
When the limit is reached, the circuit is opened that removes power from the axis of

motion either directly or via the robot controller.

Another type of sensors is those that do not require physical contact, These proximity
sensors are capable of sensing the presence of nearby objects without touching it. The
proximity switches are such as infrared sensors (uses infrared light detect the
presence of an object, not affected by ambient light), photoelectric sensors (uses light
to detect presence of object, affected by ambient light) and the ultrasonic sensors
(uses sounds for detection, sound bounces back when hits solid barrier and detected

by the transducers).
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24.3 Analyzers

The functions of analyzers are to register and analyze the output signals produced by
sensors or devices. Analyzers for sensors may be of ADC (analogue to digital
converter) in which is to convert data produced by the sensors to digital binary data
understood by the robot.

24.4 Actuators

Once a real world condition is sensed and analyzed, something may be needed to be
done. Actuators perform direct physical action for a particular process. The difference
between actuators and drives is that actuators are limited to shot linear discreet

motion. Actuators may include solenoid and cylinders,

Cylinders are popular for pneumatic types and may be used in robots such as the
gripper. The rod in the valve of the cylinder would extend when the ajr is pumped
into the cylinder. The extended rod may be used as a switch to activate another push

button, or just for mechanical Joint extension used by pneumatic robot arms,

2.4.5 Drives

Like actuators, drives take some action upon the process at the command of the
controller or to other analyzer. The difference between actuator and drives is that
actuators are used to affect a short, complete, discrete motion (usually linear) and
drives executes more continuous movements typically motors. Motors are the muscle
of the robot; weather to move other objects or to move the robot itself. There are
several types of motor normally used by robots, which are the stepper motors, DC
continuous motors and the servo motors. Detailed discussions of these motors are

explained later chapters.
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2.5 CONTROLLERS

2.5.1 Programmable Logic Controller (PLC)

The PLC is a digitally operating electronic apparatus which uses a programmable

memory for the internal storage of instructions by implementing specific functions

such as logic sequencing, timing, counting, and arithmetic to control, through digital

or analogue input/output modules.

2.5.2  Programmable Input Controller (PIC})

The PIC microchips are used for embedded designs. The Microcontroller is able to

perform various finctions according to the user programming codes (Assembly

Language/C Programming). The microcontroller is able to perform task which is once

difficult to be implemented on normal logic circuit.

Table 2.1: Comparison between wired logic, PLC and PIC controllers.

ce | Specific purpose

General purpoée

- '-‘Spécif‘ié pufpdéé bu.t'

programmable

'. Small and medium

Medium and large

Small sale is likely

to succeed

Difficult

Easy

Moderate (depends
on the programining
skills of the user)

Several days

Almost immediate

Almost immediate

19




Difficult Easy Moderate

Depend on design Very high Not able to

and manufacturer withstand industrial
environment

Advantage on small | Advantage on small, | Cheap

scale operation

medium and large

scale operation
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2.6 ROBOTICS FUNDAMENTAL ON LOCOMOTION

2.6.1 Fundamental of Robotic Mechanical System

Rolling robots are under the autonomous mobile robot category. The focus is on
robots meant for tasks on horizontal surface, in which their platforms undergo planar
motion, which simplifies their kinematics. Rolling robots are basically of two kids,
depending on whether they are supplied with conventional or omni-directional
wheels. Robots with conventional wheels have two degrees of freedom motion while
robots with omni-directional wheels are capable of three degrees of freedom motion

which increase their maneuverability substantially.

2.6.2 Robots with Conventional Wheel

These robot have only two degrees of freedom, therefore, they only need two
actuators. The example below is taken from Fundamentals of Robotic Mechanical
Systems (Theory, Methods and Algorithms) written by Jorge Angeles. The coaxial
wheels are coupled to the chassis and revolute of axes passing through points 0, and
0,. [5]

The orientation of the steering wheel is defined by v, is controlled by the second
actuator. The design has a few drawbacks:

1. Two motors serving two essentially different task requires different
operational characteristics, in which both may not be available from the same
manufacturer.

2. Power motor requires velocity control, steering motor for position control
therefore giving rise to two independent control systems that may end up by
operating in uncoordinated fashion.

3. Differential gear train increase cost, weight and bring out inherent backlash of

gears.
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2.6.3 Differential Wheels vs. Caster Wheel Mobile Robot

Difterential drive robots have more advantage over caster wheel type and tricycle
type robots. Relative to the global coordinate system, the robot can be position
anywhere specified by two coordinates of x and y and pointed in any direction

specified by a third coordinate, angle 8. [4]

Robots with caster wheels however, the degree of freedom of the robot is limited to
two parameters; the steering angle, o and the total distance it travels, S. Therefore, the
robot’s orientation and position are coupled. The robot must move forward or
backward in order to turn. The robot cannot go directly from one position/orientation
to another. The robot must follow some path and would be complicated with the

presence of obstacle.

I-axis

w

Figure 2.6: Kinematics of a caster wheel drive mobile robot.

As shown in Figure 2.7, the differential drive robot has more flexibility in reaching
the desired position and orientation. The caster wheel drive requires turning forward
and backward motions in order to reach desired position and orientation. The
differential drive method is therefore chosen for this robot as it is easier to implement
and the amount of flexibility is much more as compared to the mobile robot with

caster wheel drive.
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Figure 2.7: Comparison of (a) differential drive and (b) caster wheel drive

kinematics using paralle! parking example.,
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2,7 MECHANICAL DRIVES

2.7.1

Choosing the Right Motor for the Job

Motors are the muscie of robots, when attached to a set of wheels, robots are used as

legs. When attaching a motor to a lever, they serve the purpose as a shoulder joint to

move up and down. There are many types of motors:

27.2

DC motor: The common motor normally used to drive continuously in one

direction. It only stops when the power supply is removed.

Stepper motor: Application of power causes the shaft to rotate a few degrees
and then stop. Continuous rotation of the shaft requires the power to be pulsed

to the motor.

Servo Motor: Strong motors normally used as joints for robots. It can only

move 180 degrees in direction.

Motor Specification

Voltage

All motors are rated by their operating voltage. Small hobby motors usually
range from 1.5 V to 12 V. Most motors can be operated satisfactorily at
voltages higher or lower than that specified. However, most motor is likely to
operate 50 percent of the specified rating. Running a motor continuously at
more than 30 or 40 percent of its rated voltage is not recommended. The

windings will overheat which may cause permanent damage.

Current Draw

It is the amount of current (amp or milliamps) in which the motor requires
from the power supply. Current draw however, increases with load. A point is
reached when the motor does all the work it can perform, and no more current

will flow through it. The shaft stops rotating; the motor has stalled. Therefore,
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when building a robot, the load (weight) must be including under

consideration,

Speed
The rotational speed of a motor is given in revolution per minute (rpm). The
speed of the motor could be increased or decreased using 2 methods; building

a bigger motor (impractical) or add gear reduction.

The speed always decreases when going from small to large gear.

The speed always increases when going from large to small gear.

Therefore, if there is a need to reduce the speed of motor from 5000 rpm to 50
rpm, the speed reduction would require a reduction ration of 100:1. This

would require a drive gear of 10 teeth and a driven gear of 1000 teeth.

2.7.3 Torque

Torque ié the angular force that 2 motor can deliver at a certain distance from the
shaft. A 5 oz-in of torque with a distance of 1 inch away from the shaft of the motor,
it is strong enough to pull up a weight of 5 ounces using a pulley. Metric units
normally specify torque in terms of Newton-meters (Nm). [4]

kg—m

=1
v sec?

= 0.2251b

Electrical power is converted to mechanical power in motor. The relationship
involves power (in watts) and energy (in joules). Power is the rate of energy used.
Therefore, power is represented by

Joule
sec

1IWatt =1

The electrical power supplied to the motor, Pe, equals the voltage, V, across the
motor’s terminal multiply with the current, 1, through the motor. Current measured in

the unit of amperes is the amount of charge passing through a conductor per second:

[4]
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P =VI
Coulomb

1 Ampere =1
sec

Coulomb

1 Watt = 1Volt x Ampere = 1Volt x o

Mechanical power, Pm, equals the torque, T, output by the shaft muitiplied with its
angular speed, o (torque is taken in Newton Meters):

B =Tw
2nrad _ rev
sec sec
Nm
1Watt =1 —
sec

Since power is energy per unit time, this shows that one joule energy can be
expressed in two ways; either as 1 Newton meter or 1 Coulomb Volt, This is just
reaffirming the fact that energy is energy whether it comes from mechanical origin or
electrical origin. [4] The motor is just a transducer transforming energy to one form
from another.

1]=1Nm

1]=1¢v

2.7.4  Motor Model

The relationship describing the electrical power to mechanical power in permanent
DC motor was described previously. The mechanical output power (due to the losses
from friction, wind, heating in the coils) will be some fraction of the electrical input
power. [4] The percentage is given as efficiency, n where:

Fn = nk

The rotor coil is essentially an inductor with a resistance R. When rotor is turning, the

commutator segment sliding past the brushes create an alternating current in the
armature winding. A changing current, -g—: through an inductor induces a voltage

across it:

26



Where L is the proportionality constant called the inductance. As the motor turns,
voltage is inducted and opposes the applied voltage. The faster the motor turns, the
more the current switches direction, this the larger the inducted voltage becomes.

Thus, it tends to limit the current through the resistor R.

When current fails, the less flux is created around the conductor, and the torque also

falls. Therefore, when speed increases, the torque decreases.

The rotating motor can be modeled by the induced voltage, e (back electromagnetic
force) and the winding resistance R. The applied voltage is related to the back-emf
and current:

V=IR+e

When motor is not rotating, € = 0V and the current through the motor is equal to the
motor applied drive voltage divided by the resistance. The current required to start the
motor from zero speed is called the starting current/stall current, Is.

; |4
"R
When the rotor is rotating, e increases proportionally with the speed of the armature;

e= k,w

When £, is called the back-emf constant, the applied voltage is then related to the
current and the armature speed by:
V=IR+ k.w

The negative feedback provided by the back-emf causes the motor to settle to a steady
state operating point of speed and torque as determined by the load and the applied
voltage. The torque increases linearly with current with proportionally constant k,
(torque constant):

T=kt1
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Solving for I and plugging into the equation above:

V= TR+ k
= kt 2

k. is actually equal k.. This can be seen from the fact that the mechanical power
output by the shaft will be the electrical power input, minus the /2R losses due to
heating in the resistor:

B,= P, — I’R

Tw =VI—-I*R

Replacing the equation from T and V
kdw = (IR + k,w)I?R

gives,

The applied voltage is then related to the torque and speed by constant k:
TR

V= '-'k—+ kw

The speed-torque relationship is linear with the negative slope:
R |4

W= _EET-I--E
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2.7.5 Determining the amount of power needed for the motor

Figure 2.8: Free body diagram of a mobile robot and the forces as the vehicie

¢climbs a hill.

Assuming that the mobile vehicle is a different drive mechanism (two motors) and
need to climb a ramp of angle 6 at a constant velocity v. The free-body diagram

makes explicit the force acting on the vehicle. [4]

Since the vehicle moves at a constant velocity, there is no net force on the car-

F=ma

Since the acceleration a, is 0 (the car moves at a constant velocity), the net force F
must be 0. Thus, the applied force F,pp, from the wheels acting in the direction up the
hill must balance the force down the hill resisting that force. The resisting forces are
the friction force and the force that is the component of the vehicle’s weight acting in
the direction down the hill. [4]

Foppp = Ff + F,

Where F is the coefficient of friction, p multiplied with the normal force, FN:

Fr = yFy = pumg cos@

Fy is the mg sin 8 (where mg, mass multiplied with acceleration due to gravity is the
weight of the robot)

Fapp = umg cosé + mg sing
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The power required from the motor is the product of the force that needs to be applied
by the wheels times the velocity, v the robot travel up the hill.

Bp = Fpuv

The torque and speed requirement of each motor can be calculated from:

P""T
5 =Tw
v
w=—
r
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2.7.6 Robot Locomotion with DC motors

Most robot designs use two identical motor to spin two wheels. These wheels provide
forward and backward momentum, as well as left and right steering. Stopping one
motor, would allow the robot to change direction. Reversing both motors in relative
to one another, robot turns by spinning on its wheel axis. This would cause sharp

right and left turns.

.
[ |
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Fupward Reverse

7
d
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VAN
4 g
~
tHard nent turn Haed [eit rern

Figure 2.9: Direction of mobile robot with differential drive locomotion.
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Figure 2.10: A two wheeled differential drive mobile robot with caster installed.

Method for calculating travel speed of the robot:

1. Divide the rpm speed of the motor by 60. The result is the revolutions of the
motor per second (rps). Example: A 100 rpm motor runs at 1.66 rps.

2. Multiply the diameter of the drive wheel by pi (m = 3.124). Example: A 5 cm
diameter wheel would have a circumference of about 15.71 cm.

3. Multiply the speed of the motor (rps) with the circumference of the wheel.
The result would be the number of centimeters covered by the wheel in one
second.

4. The heavier the robot, the slower the motor will turn (depending on the

torque}).

2.7.7 Robot Locomotion with Stepper Motors

Stepper Motors

DC motors are cheap and able to deliver a lot of torque for their size. However, the
common d¢ motor is rather imprecise because there is no servo feedback mechanism
or tachometer. It is impossible to command the motor to turn exactly a specified
number of revolutions and also fraction of a revolution. Stepper motors are dc motors
with slight difference: instead of being powered by a continuous flow of current, as
with regular dc motors, they are driven by pulses of electricity. Each pulse drives the

shaft of the motor a little bit. The more pulse that is fed to the motor, the more the
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shaft turns. {8]

Inside a stepper motor

A four phase stepper motor is really two motors switched together. Fach motor is
composed two windings. Wire connects to each of the four windings of the motor
pair, so there are eight wires coming from the motor. The common from the windings

are often ganged together, which reduces the wire count to five or six instead of eight.

/ Rotor {shafty

Cotl

4— Siator cup !
Y | 4— Stator cup

Cel 2

Figure 2.11: Ilustration of a Stepper motor and components that make up a

stepper motor.

Phase | O

Ground o

Phase 2

Ground @

Phase J &

Phise 4 o

Figure 2.12: Schematic diagram of the Stepper motor.

Wave Step Sequence
The motor shaft turns a fraction of a revolution each time a winding is energized. For

the shaft to turn properly the winding must be energized in wave step sequence
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Figure 2.13: Basic wave-step actuation sequence of four-phase stepper motor.

Double-On / Double-Off Sequence

Wave step sequence is the basic actuation technique for a four-phase motor. A better
approach would require actuating two winding at one in both-on/ both-off sequence
increasing the driving power of the motor. This provides greater shafi rotation

precision. Other varieties of stepper motors would require actuating in different ways.
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Figure 2.14: The double-on/double-off actuation sequence of four-phase

stepper motor.

2.7.8 Stepper Motor Specification

Stepper Phasing
A four-phase stepper requires a sequence of four pulses applied to its various winding
for proper rotation. Most étepper are at least 2 phase, however majority are 4 phase

and six phase. Usually the more phases in a motor, the more accurate they are.

Step Angle

Stepper motors vary in the amount of the rotation the shaft turns each time a winding
is energized. The amount of rotation is called “step angle” and can vary from as small
as 0.9 degrees (1.8 degree is more common) to 90 degrees. The step angle determines
the number of steps per revolution. A stepper with a 1.8 degree step angle must be
pulsed 200 times for the shaft to turn one complete revolution. A stepper with a 7.5

degree step angle instead must be pulsed 48 times for one revolution.
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Pulse Rate

The smaller the step angle, the more accurate the motor. But stepper motor has an
upper limit to the number pulses they can accept per second. Heavy duty steppers
usually have a maximum pulise rate of 200 to 300 steps per second providing 60 to
100 rpm. Small steppers can accept 1000 or more pulses per second but they do not

provide much torque and are not suitable as driving or steering motors.

An interesting point to note is that stepper motor cannot be motivated to run at their
top speed immediately from a dead stop. Applying too many pulses directly from a
battery causes the motor to freeze up. To achieve top speed, the motor must be
gradually accelerated. In terms of human motion, the acceleration can be quite swift.
The speed can be 1/3 for the first milliseconds, 2/3 on the next 50 to 75 milliseconds

and full speed later on.

Running Torque

Steppers may not be able to deliver as much torque as dc motors for the same size and
weight. In comparison, a typical 12 volt medium sized stepper motor may have torque
of 25 oz-inches, The same 12 volt medium sized standard dc motor may have running

torque three or four times more,

Steppers are at their optimum performance when turning slowly. With stepper, the
slower the motor revolves, the higher the torque. DC motor however, is opposite from

this situation, in which the higher the speed, the better the torque.

Braking Effect
Actuation of one of the winding in a stepper motor advances the shaft, Continuous
input of current to the winding and the motor would not turn anymore. The shaft

would be locked as if the breaks were applied on to them.

2.7.9 Servo Motor Application for Robot Arm

A Servo is a small device that has an output shaft. This shaft can be positioned to

specific angular positions by sending the servo a coded signal. As long as the coded
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signal exists on the input line, the servo will maintain the angular position of the
shafi. As the coded signal changes, the angular position of the shaft changes. In
practice, servos are used in radio controlled airplanes to position control surfaces like

the elevators and rudders. They are also used in radio controlled cars, puppets, and of

course, robots.

Figure 2.15: A servo.

Figure 2.16: A dissembled servo.

The servo motor has some control circuits and a potentiometer (a variable resistor,
also known as pot) that is connected to the output shaft. In the Figure 2.16, the pot
can be seen on the right side of the circuit board. This pot allows the control circuitry
to monitor the current angle of the servo motor. If the shaft is at the correct angle,

then the motor shuts off. If the circuit finds that the angle is not correct, it will turn
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the motor the correct direction until the angle is correct. The output shaft of the servo
is capable of travelling somewhere around 180 degrees. Usually, it is somewhere in
the 210 degree range, but it varies by manufacturer. A normal servo is used to control
an angular motion of between 0 and 180 degrees. A normal servo is mechanically not
capable of turning any farther due to a mechanical stop built on to the main output

gear.

The amount of power applied to the motor is proportional to the distance it needs to
travel. So, if the shaft needs to turn a large distance, the motor will run at full speed.
If it needs to turn only a small amount, the motor will run at a slower speed. This is

called proportional control.

The control wire is used to communicate the angle. The angle is determined by the
duration of a pulse that is applied to the control wire. This is called Pulse Coded
Modulation. The servo expects to see a pulse every 20 milliseconds (.02 seconds).
The length of the pulse will determine how far the motor turns. A 1.5 millisecond
pulse, for example, will make the motor turn to the 90 degree position (often called
the neutral position). If the pulse is shorter than 1.5 ms, then the motor will turn the

shaft to closer to 0 degress. If the pulse is longer than 1.5ms, the shaft turns closer to

180 degress.
1
0 1.50 ms: Neutral
=1 B o] [l
g ¥ & d
5~ @ 3 @
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2 1.25 ms: 0 degrees
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Figure 2.17: Angle of output shaft dictated by duration of the pulse.

38



As seen in the picture, the duration of the pulse dictates the angle of the output shaft
(shown as the green circle with the arrow). Note that the times here are illustrative
and the actual timings depend on the motor manufacturer. The principle, however, is

the same.
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2.8 ELECTRONIC CIRCUITS

2.8.1 Collision Avoidance and Detection

There are two different types of detection system. Collision Detection is a form of
Passive detection, where the robot only changes direction after it has collided into an
obstacle along its path. Collision Avoidance however, is more towards an Active
detection system. The system would detect an obstacle from a defined distance
(dependant of sensitivity of the sensors), and changes course of direction before

collision.

Imfrared light

Light may always travel in a straight line but it bounces off nearly everything. This is
advantageous to build an infrared collision detection system. The circuit below in
Figure 2.18 is an example on how the infrared LED and phototransistors can be
mounted on the top of the robot for the purpose of detecting obstacle like a wall or an
object in its path. The set point adjustment, R2, Provides means to increase or
decrease sensitivity of the circuit. Increase in sensitivity would allow the robot to be
able to detect objects future away. The circuit recommended below has an effective

range of 6 inches.

Objects reflect light in different ways. Light bounces better on white colored surfaces
compared 1o black. The phototransistor must also be blocked from direct light of the
LED, as seen in Figure 2.18.

+

Figure 2.18: (A) Proximity detector using infrared light circuit diagram and
(B) LED/Phototransistor Placement.
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Ultrasonic¢ Sound

Sound can be used to detect the proximity of objects in much the same as for infrared
light. Ultrasonic sound is transmitted from a transducer, is reflected by a nearby
object, and then received by another transducer. The advantage of using sound is that
it is not sensitive to objects of different color and light reflective properties. However,
there are materials that reflect sound better than others, and some even absorb sound

completely. In comparison, proximity detection with sound is more fool proof.

The circuit below provides a practical circuit for building ultrasonic proximity
detector. A stream of 40 kHz pulses is produced by a 555 timer wired up as an astable
multivibrator. The output of the 555 provides more than enough power for the
transducer. A piece of foam between the transducers is needed to eliminate direct

interference between the two.

The advantage of using ultrasonic is that it is particular about the frequency of sound.
Specifically, it is desired to limit the sensitivity of the circuit to 40 kHz, the same as

the output of the transmitter. A 567 tone decoder IC is connected to the output of the

741 amp.
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Figure 2.19: Schematic of 40 kHz ultrasonic transmitter.
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Figure 2.20: Schematic for an ultrasonic receiver and tone decoder.

2.8.2 Direction Control

Relay Control
This method is slightly old fashioned compared to the other alternatives. However,
they are less expensive than the other methods, easier to implement and takes up less

space. The relay may wear out in time (after a few hundred thousand switching.)
This direction control system however, does produce a centre-off position, in which

the motor receive no power and does not move. The diagram below shows a simple

motor switching circuit. Input to the relay would trigger both the motor to operate.
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Figure 2.21: A relay controlled motor circuit.

Transistor

Transistors provide true solid state control of motors. The motor is connected so that
when one transistor is switched on, the shaft turns clockwise. When the other
transistor turns on, the shaft turns counter-clockwise. When both transistors are off,
the motor does not turn. The amount of voltage required depends on the voltage the
motor requires. However, for this motor control, both motors cannot be turned on at

the same time. Doing so will cause damage to the transistors.

Resistors used to bias the base of each transistor are necessary to prevent the
transistors from pulling excessive current from the gate controlling it (computer port,
microcontroller or logic gates.) Without resistors; the gate would overheat and be
destroyed. The actual value of the resistor depends on the voltage and current draw of

the motor, as well as the characteristics of the transistors used.
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Figure 2.22: A transistor controlled motor circuit.

The diagram below shows the “H” network which is wired such a way that only two
resistors are on at a time. When transistor 1 and 4 are activated, the motor turns in one
direction. When transistor 2 and 3 are on, the motor spins the other way. When all

transistors are off, the motor remains still.
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Figure 2.23: An H-bridge motor control circuit.

There is a special type of transistor, which is the power MOSFET (Metal Oxide
Semiconductor Field Transistor.) The power MOSFET is able to handle higher
current and voltage to drive the motors without worrying about burning and frying the

component,
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The diagram below uses power MOSFET to drive the motor system. The circuit is
controlled by a NAND CMOS gate for positive action control. [8]
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Figure 2.24: Diagram of power MOSFET and H-bridge motor control circuit
using power MOSFET.

2.8.3 Location Tracking on Work Area

Wheel Encoder Design

One of the simplest forms of position measurement where the position of a robot is
determined based on measurements of the distance traveled by each wheel of the
robot. This information, when combined with knowledge of the robot’s physical

properties (i.e. its kinematics) allows one to deduce the current position and heading.

The process of measuring the rotation of the wheel of a robot is an example of
odometer, and a sensor capable of such measurements is the digital optical encoder

or, simply, encoder.
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Figure 2.25: Encoder with single and two detectors,

Essentially, an encoder is a disc made of glass or plastic, with shaded regions that
regularly interrupt a light beam. In Figure 2.25, the left panel shows a simple encoder,
with a single detector (A), which measures the interruptions of a light beam,
producing the curve shown below the encoder. In the right panel, two detectors are

used, making it possible to determine also the direction of rotation.

By counting the number of interruptions, the rotation of the wheel can be deduced, as
shown in the left panel of Figure 2.25. However, in order to determine also the
direction of rotation, a second detector, placed at a quarter of a cycle out of phase
with the first detector, is needed (such an arrangement is called quadrature encoding,

and is shown in the right panel of Figure 2.25).

Line Tracking Implementation

The line tracking is an implementation of three infrareds to detect a white/black line
on a contrasting surface. The infrared light operates the same way as of the collision
avoidance and detection system, where the object here is merely a white line ideally
on a darker surface. The concept of light being reflected on a lighter surface as to of a

darker surface is used into implementation for the line tracking design. Also
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highlighted, the white line on work area ideally needs to be off same width. Below is
a line tracker circuitry. The line tracking circuitry will make use of three IR emitters
on the white line. The theory behind line tracking is actually pretty simple. An
infrared LED is paired with an infrared detector (Figure 2.18). The LED is
illuminated and directed to the surface where the line is to be detected. The detector is
biased on and fed into a comparator to clean up the signal. In order to keep the
electronics as simple as possible a 74HC14 Schmidt-trigger hex inverter will replace
the comparator circuitry. The very high input impedance, built in hysteresis and low
parts count makes the CMOS version an excellent alternative. The outputs go low
when the LED/IR Detector pair is positioned over a black surface and high when
positioned over a white surface. If the center sensor sees the line, go forward. If the
left sensor sees the line, turn left. If the right sensor sees the line, turn right. Part of
the programming should allow the robot to remember which sensor saw the line last
and continue to make cotrections in order to negotiate turns where the line will be out

of the sensors view for a limited amount of time.
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Figure 2.26: Line tracking circuitry.
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2.8.4 Power Regulation
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Figure 2.27: Power Regulation Circuitry.

A power regulator circuit shown in Figure 2.27 basically ensures control of the

robots' power source. A power regulation circuit must do the following for the robot.
1) Regulate at a set voltage.

For efficiency, optimally it would be best to use a power source closest (yet
slightly above) the desired voltage input required. However this is rarely easy or
even feasible. For a start, different electronics require different voltages. A
microcontroller will require 5V, motors perhaps 12V, a voltage amplifier perhaps
both 20V and -20V. Batteries are never at a constant voltage. A 6V battery will be
at around 7V when fully charged, and can drop to 3 to 4V when drained.

2) Supply a minimum required amount of power.

The sum required power of all the robot components needs to be below the
amount the power circuit can supply. If power drops even for a fraction of a
second below what the robot requires, things like the microcontroller could reset,

or sensors would give bad readings, or motors won’t work very well.



3) Allow for additional features/requirements, such as short circuit protection,

regeneration, negative voltages, and noise protection.

If something bad goes wrong with the batteries, things like acid chemical spilling,
dangerous fires and burnout could happen. The power regulation circuit needs to
account for this, by implementing fuses. One problem the circuit might have is
high frequency noise (bad). High frequency noise can result from common things
such as el-cheapo and/or old motors (the brushes have bad connections), RF
interference, and telepathic aliens. To correct for this, use another capacitor but of

a much smaller farad rating.

2.8.5 Data Acquisition of Drop-off Point

The robot will be able to identify the path to be traveled to arrive and drop off point
by information tagged on to the block itself. Research has been conducted to
determine best system for path and destination information recognition. The robot
will basically be preprogrammed of the path for various destination data tagged on
the blocks. Research done is to determine best system for path and destination
information recognition. Below are comments on some of the possible data

acquisition systems that were proposed to implement this are as of the following.

Bar code
» Embedding information in a sequence of bars representing 1’s and 0’s.
¢ Can represent a lot of destinations.

* Require a bar code design program and a bar code scanner, which might incur

a ot of cost.

Character recognition
» Items are Jabeled with characters, alphabets or numbers.
¢ The robot is to recognize these identification data visually as an image.
e Need of a web cam or digital video surveillance system to identify character.
» Needs a very complicated algorithm especially dealing with digital signal

processing
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Color Coding

Use different color representation for each destination.

Represent different colors with different voltage levels.

Use of photo sensors can represent up to two different colors, which are costly
and there is more than two destinations.

To represent more than two destinations, a web cam may be used, however

again requires complex programming for pixel recognition of colors.
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CHAPTER 3
METHODOLOGY OF PROJECT WORK

3.1 PROCEDURE IDENTIFICATION

The process flow of the project will be done based on the simple flow, which is then

applied throughout the project. Refer to the Gantt Chart (APPENDIX A) to see the
schedule of work progress.

Selecion of project topic

Preliminary research work
and literature review

Research
Enocugh NO

information

Understanding project and
leaming process

!

Chovse altemative base on
constraint and criteria

¥

Sofoware application and
simulation works

Y
Drafting Inteim Report

l

Orzal presentation

A
Submission of Final Report

Figure 3.1: Process Flow for FYP.
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The first step that should be taken into consideration is to select the project topic and
thus conduct preliminary researches and literature review through the available source
such as using the Internet or textbooks. As the information is available, it is very
crucial for the author to undergo learning process, as robotics is not a familiar area to
her. From the data gathered, the alternatives will then be layered out and the best

alternatives will be chosen based on constraint and criteria.

The next step would be to transfer or apply the information gathered by using related
software or doing some stimulation pertaining to the project. The following step is the
drafting of Interim Report, which has to be submitted before the oral presentation
through the end of this semester. The final process is the submission of final report of

all the activities conducted for the project flow the whole semester.

52



3.2 TOOLS REQUIRED

Below in Table 3.1 are the expected tools and parts needed for completion of the

autonomous robot. These tools are obtainable for use from UTP workshop and the

software required is downloadable from the Internet for free. The materials such as

wood and aluminum are to be purchased or recycled from previous undergraduate

projects and electrical and electronic components can be borrowed from the UTP

electronics store or purchased from electronics stores outside of UTP. It is also a

requirement to fabricate all circuits as PCB, which can be done in the UTP PCB lab

with supervision of the lab technologist.

Table 3.1: Parts and tools need for the project

Neo Parts Material or Components Tool
1. | Structure 1. Metal 1. Drill
2. Welding
2. | Mobility and 1. DC motor with gears(x2) 1. Screw drivers
Movement 2. Casters(x2) 2. Pliers
3. Nuts and screws
4. Plastic wheels coupled(x2)
3. | Power distribution 1. Batteries(12V) 1. Solder and flux
2. Connectors & Wires 2. Multimeter
3. Ribbon Cable 3. Screw drivers
4. | Sensors 1. Ultrasonic 1. Simulation software
2. Infrared (Multisim or Pspice)
3. Electronic Components 2. Breadboard
3. Solder and flux
4. Multimeter
5. Oscilloscope
5. | Microprocessors 1. PIC Controller 16F877 1. Breadboard

2.
3.

PIC Programmer Board
PIC 16F877 Target Boards

2. Electronics components

3. Oscilloscope

4. PIC programming software

5. Connectors
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3.3 PROJECT WORK

Below in Figure 3.2 is a flow chart describing the project methodology step-by-step

in more detail, including literature reviews, fabrication of robot, and troubleshooting

and modification.
Intensive Literature Reviews
and Research
v v . ‘ +

Robots and its PIC/PLC Rebot Sensors and Robot
applications in Programming Mechanism Coordination Circuitries

Industry Language and Control and Design

b 4

Mechanical and Electrical
Design Drawings

Stucture Fabrication for ¢
Mobile Robot

v v

Electrical circuits
P implementations (such as
motor drive, steppe motor)

Functionality Test and Functionality Test and
Performance Check Performance Check

Platform Stability Test

b, 4

Micracontroller Programming and
Path Planning

v

Troubleshoating, Testing Final
and lmprovernents Product

Figure 3.2: Project Methodology Flow Chart.
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3.3.1 Literature Reviews

Intensive literature reviews has been done on mobile robot fabrication. Resources
from related books, internet and online journals have been accessed. The reviews are
crucial to identify the method, tools and equipments that are needed for
implementation of the robot. The literature reviews cover five important areas which

are:

1. Robots and its application in the industry
- The technology of robots used in various industries and the level of
technologies for each of the robots in its job application,
2. PIC Programming language
- Learning the programming language (C++) which is used to program the
microcontroller selected for this robot design, which is the Programmable
Input Controller (PIC) chip.
3. Robot Mechanism and Control
- Mechanical Trajectory and dynamics calculation has been done to
indentify the type of locomotion to be used, the torque of the motor
needed and mechanisms that would be implemented to the design.
4. Sensors and Coordination
- Identify the best suited sensor for the obstacie avoidance of the robot as
well as path planning needed for covering the area of land that needs to be
covered.
5. Robot Circuitries and Designs
- Electrical circuits such as stepper motors and driver circuits for controls of
the mobility of the robot.

3.3.2 Mechanical and Electrical Designs

The mechanical structures are drawn out which includes the details in which the real
robot would resemble, The electrical designs are done for simulation to test the theory

and check the sufficiency of voltage and current supplied to the circuitry,
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3.3.3 Structure Fabrication for mobile robot

The wheels are mounted to the robot base. The stepper motor is coupled to robots
neck for gripper implementation. Electrical implementations are carried out parallel
to the construction of the robot.

3.3.4 Microcontroller Programming and Path Planning

The microcontrolier is the “brain’ of the robot. Programming is needed to be done in
order to control the movement and path planning for the robot, The microcontroller is

implemented on the robot once the robot is completed.

3.3.5 Troubleshooting and testing

Troubleshooting is needed to ensure a functioning robot is produced at the end of the

project period.
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4.1 THE OVERALL DESIGN

CHAPTER 4

RESULTS AND DISCUSSION
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Figure 4.1: Overview of the robot circuitries with the microcontroller.
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4.1.1 Component Functions and Interaction

With the reference to the Block Diagram shown in Figure 4.1, the functions of the

components are described below:

PIC 16F877 Microcontroller

The overall process of the robot is determined by this chip. The chip receives inputs
from the sensors and processes it to execute appropriate instructions according to the
program writteni by the programmer. The controller also controls the drives such as

the DC motor according to the path planning codes written.

DC Motors
The DC motors are used to move the robot about. The motor has sufficient amount of

torque in order to successfully move the whole structure.

Line Tracker

The line tracker implementing infrared are essential for movement from point to point
of the robot. The line tracker is design to follow white lines over work area to get
around. The implementation of line tracker over wheel encoder will be discussed later

on.

Ultrasonic Receiver / Transmitter

The ultrasonic sensor is essential for the obstacle avoidance feature in this robot.
When an obstacle is detected along the predetermined path of the robot, a signal
would be sent to the microcontroller by the ultrasonic sensors. The obstacle

avoidance program would then be executed to avoid any collision of the robot.
Stepper Motor Translator

Stepper motors require certain combination of pulsing in order to move. The stepper

is implemented here for gripper control design.
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4.2 MECHANISM

The design of the autonomous robot requires its functionality as a delivering robot
which collects blocks from pick up point and delivers them at its respective drop off
point. These blocks will be design as a cube of 7cm x 7cm x 7cm, made of high-
density polystyrene to reduce weight constraint, hence torque required when picking
up the blocks.

The robot will be able to identify the path to be traveled to arrive at drop off point by
information tagged on to the block itself. Research has been conducted to determine
best system for path and destination information recognition. The robot will basically
be preprogrammed of the path for various destination data tagged on the blocks.
Research done is to determine best system for path and destination information
recognition. Some of the possible data acquisition systems that were proposed in

chapter 2.8.5 are as of the following.

1. Barcode
2. Character recognition
3. Color Coding

Therefore, the author had proposed a simple bar code method to aid the robot in
destination recognition process, as further complex digital data processing of the
character and color recognition is not preferred, The barcode scanner in this case is
made of two infrareds (BS1 and BS2) to interpret the information embedded onto the
barcode. The barcode itself therefore represented by two lines (L1 and L2), given
black or white state to represent 0 and 1 respectively. BS1 will be aligned to perform
recognition on half of the barcode, L1 and BS2 on L2. As shown in Figure 4.2, the
two infrareds will be placed far away from each other, and the L1 and L2 will also be
represented by a big area (instead of thin lines) of black or white to prevcht position
inaccuracy while robot place itself for pick up. The state of each BS1 and BS2 will be

fed into the input of the microprocessor.
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Figure 4.2: Bar code recognition method.

The layout of the pickup point, paths, and destinations are shown in Figure 4.3, A is
the starting point and C, D and E are drop off points while W, X, Y and Z are
junctions. B is conveyor beit with a random time of blocks arrival at pick up point.
Therefore, the autonomous robot will only have to return to the conveyor belt at the
same position it picks up the last block after delivery. The conveyor belt should too
be installed with sensors, to stop moving, once a block is in position for pick up to
avoid overloading. If toad is not placed on the conveyor belt, the autonomous robot

will be on standby until the user switches it off.
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Figure 4.3: Layout of prototype destination area.

A flowchart of the robot mechanism with reference of the path layout is provided in
Figure 4.4. The autonomous robot will be switched on by the user at point A and
requires no supervision from this point onwards. The robot will move to junction W,
and turn right in to B to pick up the first block. Note that the blocks would be
assigned with random destination information tagged onto it. Now, for instance this
first blocks destination is E. The robot will move back to junction W and travel down
the WXYZ path for 5m and turn left at junction Z and drop the block of at E. The
robot will also be able to sense any obstacle in its way and stop. It will then provide

alarm via buzzer to demand that its path be clear with assumption that this obstacle is



a human being. If the obstacle still exists after 10 seconds (obstacle cannot remove
itself from path; i.e. concrete object) the robot will alert user to remove the obstacle in

its way by a longer duration (continuous) alarm.

From Figure 4.3, there are three destinations to deliver the items from the storage area
B. The two lines of barcode, L1 and 1.2 will be able to represent four (2", where n

(number of input) =2) destinations with 1’s and 0’s combination as shown in Table
4.1.

Table 4.1: Destination representation by barcode.

Bt o B2 ' ' Destination
O(black) 0O(black) C
O(black) 1(white} D
I{white) O(black) E
1{white) I{white) Not Implemented
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Figure 4.4: Flowchart of robot mechanism.
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4.3 STRUCTURE AND DESIGN

The figures below show the dimension of the autonomous robot physical design,
which includes the gripper, design. Figure 4.5, 4.6, and 4.7 are respectively side, front
and top view of the autonomous robot while Figure 4.8 is a 3D projection of the
robot. The author had decided to use both plywood and aluminum in design of the
autonomous robot to ensure minimal expenditure trough out completion of the
project. The author had decided on using large wheels for large wheels provide low

torque but high velocity of locomotion.

Figure 4.5: Side view of the autonomous robot model.
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Figure 4.6: Front view of the autonomous robot model.
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Figure 4.7: Top view of the autonomous robot model.

Figure 4.8: 3D projection of the autonomous robot model.

The following are photos of the constructed chassis of the robot made of aluminum

bars.
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Figure 4.9: Side profile of chassis design.

Figure 4.10: Top profile of chassis design.
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Figure 4.11: 3D projection of constructed chassis.

To mount any type of motor to the chassis, it is required to use an L shaped bracket.
For a DC motor, all that is needed to do is take a sheet of aluminum, drill two holes in
two of the corners, drill two more holes on the other half to match the motor screw
holes, and then bend the entire piece in a 90 degree angle. In Figure 4.12 a U shaped
piece of aluminum, is cut to size, and the appropriate holes are drilled to attach it to
the white HDPE chassis. Two motorized wheels will be placed on the robot, one on
either side. The movement commands to the motors by cither using a motor driver or

H-bridge.

Figure 4.12: Mounting motor to wheels.
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Figure 4.13: Constructed chassis of robot, with installed gears and wheel

mounting.
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4.4 CONTROL METHODS

The most important of DC motor control techniques is the H-Bridge. After the H-
Bridge is hooked up to the motor, to determine the wheel velocity/position an encoder
is implemented. The H-Bridge is the link between digital circuitry and mechanical
action, The computer sends out binary commands, and high-powered actuators
perform required actions. Most often H-bridges are used to control rotational
direction of DC motors. In Figure 4.14 is an H-bridge circuitry used to control the DC

motors,

? o4 T0 D& TA FASY RECOVERY DRIDE {1, ¥I00ns)
_ b S

Figure 4.14: H-bridge circuitry used to control the DC motors.
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Figure 4.15: H-bridge circuitry for DC motor control and interfacing with

microcontroller,
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45 POWER REGULATION
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Figure 4.16: Power Regulation Circuitry.
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Figure 4.17: The pin layout and application diagram of the 1.78xx Voltage

Regulator,

A power regulator circuit shown in Figure 4.16 basically ensures control of the

robots' power source. A power regulation circuit must do the following for the robot.

1) Regulate at a set voltage.

2} Supply a minimum required amount of power.

3) Allow for additional features/requirements, such as short circuit protection,

regeneration, negative voltages, and noise protection.

This power regulation circuitry is to provide other circuitry or sensors with the
required voltage. From the 12V battery, this voltage regulation circuitry atlows us to
tap onto 5V via L7805 and 6V via L7806. Both the input and output shares a common



ground as seen in Figure 4.17. The chip is also easily heated up and there would be
some power loss to the environment. Therefore, to ensure the safety of the chip, heat-
sinks are attached to the chip for heat dissipation. The voltage regulators are soldered

on a veraboard and equipped with heat sink.

Figure 4.18: Voltage Regulation Circuit with 1.7806 and L7805 mounted onto

heat sinks.
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4.6 COLLISION AVOIDANCE SYSTEM

4.6.1 Ultrasonic Receiver and Switching Circuit

The circuit has been designed based on the schematics shared on the internet by the
electronic hobby kit webpage. The design circuit in Figure 4.19 allows the relay

switch to activate when the receiver detects ultrasonic waves.

The circuit works based on the ultrasonic transducer when sensing ultrasonic signals.
It converts it to electrical input with the same frequency. The purposes of transistors
T3 and T4 are to amplify the signal (as they are supplied by 9V voltage source). The
amplified signals are then rectified and filtered. The filtered DC voltage is fed to the
inverting input of the op-amp IC-2. The non-inverting pin is connected to a variable
DC voltage in which the threshold value of ultrasonic signal received can be
manipulated. The output of op-amp is used to bias transistor TS which will then bias
the transistor T6. T6 can then activate the relay to control other equipment or
connected to the microcontroller.
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Figure 4.19: Schematic of ultrasonic receiver.

The circuit was tested through simulation on the Electronic Workbench software and
the simulated result was compared to the final product when built. The simulation

results are vital for troubleshooting the actual circuit.
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Figure 4.20: Simulation of the ultrasonic receiver on Electronic Workbench,

4.6.2 Ultrasonic Transmitter

The ultrasonic transmitter is constructed using 555 based astable multivibrator. It
oscillates at a frequency of 40 to 50 kHz. The transmitter is powered from a9V or a
12V supply. The value of 4.7k with +10k (pin 7) and the value of 18k (pin 6) and C1
of 680picoFarad was chosen to generate a 40 kHz to 50 kHz frequency. The accuracy
of the frequency is important to be detected efficiently by the receiver. The 40 kHHz

frequency can be calculated using the formula below.

1.44
f= Gr TRy,
1.44
= X 18k + 15K)680pF
f = 41.522kHz
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ULTRASONIC TRANSMITTER
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Figure 4.21: Schematic for Ultrasonic Transmitter using NE555 timer.
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Figure 4.22: Simulation for Ultrasonic Transmitter on Electronic Workbench.
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Figure 4.24: Ultrasonic transmitter and receiver,
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Figure 4.25: Ultrasonic Sensor Circuitry.
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4.7 LOCATION TRACKING VIA LINE TRACKING IMPLEMENTATION

The author had proposed to her supervisor to implement line tracking to determine
distance and destination paths instead of encoder implementation. This is because at
an amateur level of robot building, there is a huge possibility of balancing and
alignment problems later on. With line tracking, the robot will be able to travel in a
straight line as well determine distance accurately. White lines will be embédded
along all the paths on the layout in Figure 4.3 from point A to B and all destinations
through all junctions WXYZ. However, the wheel encoder will be look into

implementation for future recommendations.
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Figure 4.26: Line tracking circuitry.

In Figure 4.26 is the line tracking circuitry to be implemented on the robot. The line
tracking circuitry will make use of one IR emitters on each side of the white line and
one in the center of the line. These IR emitters are programmed to avoid the white
line hence aligning the robots movement to actually follow the white line. At each
junction a 0.5m horizontal line would be placed while another IR emitter is placed
onto the robot to count the junctions while the robot is moving to its destination. This
allows the robot to basically tell where it is on the path layout and also as a guidance
to program the robot to arrive at its required drop off destination. Below is the

algorithm to be implemented for the line tracking implementation.

However sunlight can flood sensors to the point of being useless. Our sun emits large
quantities of light in the infrared spectrum, and although the human eye is blind to it,

electronics are not. For obvious reasons the IR emitter/detector circuit is quite
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sensitive to even the smallest amount of suniight. So it is important to develop a
shield that blocks the light. There have been many variations of this: Cereal boxes,
garbage bags, boxes, electrical tape, black felt cloth and duct tape to name a few. The

shietd must always be flush with the ground, so it has to be flexible too.
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Figure 4.27: Infrared sensors on a line tracking circuitry.
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48 MICROCONTROLLER

The author had decided to make use of the 16F877 by the manufacturer Microchip.
Please find attached in Appendix II the datasheet the microcontroller. The C-
programmable 16FR77 IC shown in Figure 4.28, features 256 x 8 bytes of EEPROM
data memory, self programming, an ICD, 5 channels of 10-bit Analog-to-Digital
(A/D) converter, 2 additional timers, 2 capture/compare/PWM functions, the
synchronous serial port can be configured as either 3-wire Serial Peripheral Interface
(SPI™) or the 2-wire Inter-Integrated Circuit (I°C'™) bus and a Universal
Asynchronous Receiver Transmitter (USART).
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Figure 4.28: The 16F877 IC layout.

A programming board is required to transfer and load the program written in C
language on a personal computer onto the chip, The Bumble Bee and PIC compiler
was installed on the computer and program written is transferred to the chip through
the help of the Serial Cables. The program of the robot, load onto this microcontroller
is in APPENDIX B.
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Figure 4.29: Warp 13 programmer board.

An application board is constructed for the 16F873 microcontroller to interface the
PIC chip with other drivers such as the H-bridge, and sensors such as the line tracker,
barcode data recognition, and obstacle avoidance. An application board is also
necessary since, soldering a PIC straight onto a board is not recommended, as heat
may destroy the PIC and also to allow flexibility of moving the PIC from the
application board to the programmer board. The application board also includes
voltage supply, reset switches, a 4.0MHz clock, and input/output sockets for easy

installation of sensors and drivers,
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N HE AN E

Figure 4.30: Application board, with PIC on its slot, along with a 4.0MHz
clock supplied to the PIC and reset switches.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

This project needs a very careful study and consistent works. There will be many
obstacles that need to be handled and overcome in completing this task. However,
with the guidance from the supervisor and other Electrical & Electronics Engineering
lecturers, it is hoped that this project can be completed successfully as scheduled.
This PIC controlled robot project will be the stepping-stone for the future UTP
undergraduates to develop new and better robotics systems. Implementing knowledge
gained from the class will be different from the knowledge gain from the hands-on
experience. Having all the basics for developing a good robot in house will give

sirong future on robotics later on.

Below in Figure 5.1 is the summary of the design requirements of the author’s

autonomous robot.
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-Encoder -Hands
-Line tracker -Legs
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Figure 5.1: Basis of building a robot.
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5.2 RECOMMENDATIONS

This semester’s research and finding will be a guide to the construction of the
author’s robot for the next half semester of FYP. However, flexibility is given to the
author to proceed with any modification of the original plan to accommodate
improvement or complications faced later on during constructions. Some of the
recommendations the author plan to look info given no time constraint are as the

following.

v" Implementation of Wheel Encoder Design
The current design is to implement line tracking instead of wheel encoder
because accuracy of balancing and alignment of the robot is almost impossible
at armature level of robot construction. IR emitters are very sensitive to light;
imagine an environment with spotlights and light bouncing off the floor. This
would cause complication for the line-tracking device to differentiate the
white line and surface of the floor. Besides that having grids on a whole floor

layout for actual implementation is sight for sore eyes.

v" More Torque for Pick Up
Current design uses high density polystyrene to mold the blocks which is
extremely light. However in practical implementation, items for delivery
maybe of larger weight. The author plans to further improve this feature by

providing more torque for the motors attach for gripping action.

v" Flexibility to Add On Destinations of Drop Off Point
Current design allows a maximum of 4 destinations with L1 and L2 to define
destinations. The author plans to allow a flexible feature of more barcode lines
to specify more drop-off destinations without requiring much change of

programming to the microcontroller.

v Voice Activated
The current function requires a push button to switch on the robot. It would be

definitely an interesting feature to switch on the robot by voice. This will
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prevent a new user from going through the hassle of reading the operation

manual to just allocate a push button to start up the robot.

User Friendly Features

The author plans to add on user-friendly features to the robot, since its
function to offer a helping hand to human daily activities. Some of the
features that would be look into are actual prerecorded voice instruction from
the robot instead of alarm/buzzer to request any obstacle to be removed from
its path. The author also plans to install a housing for the robot to not only

protect the frame and circuitry but also give it a pleasant face or personality.
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APPENDIX A
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APPENDIX B
PROGRAM CODES
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#include<i6£877.h>

#include<stdic.h>

$fuses HS, NOWDT, NOPROTECT, NOPUT, NOBROWNOUT, NCLVP

#use delay (clock=4000000}

#define LTL input (PIN B7)
fdefine LTC input (PIN_BE)
#define LTR input (PIN_B5)
#define bar2 input{PiN_C3)
#define barl input (PIN DO}
#define JUNC input(PIN C2}

// #define bar3 input{PIN D1}

int junction = 0;
int a=0;

int counter=0;

/*line tracking function*/

void runi)
{

if({LTL == 1 && LIC == 1 §& LTR == 1} || (LTL == 0 §& LTC == 1 && LTR ==
0)) /*go straight; forward right and left wheel*/

{

output_high{PIN_D3):
cutput low(PIN_C4):
output_high({(PIN_C5);
output_low (PIN C&);

}

else If({LTL == 0 && LTC == 1 && LTR == 1} || (LTL == O && LTC == 0 &§
LTR == 1)) /* turn right; stop right wheel and forward left wheel*/

{
cutput_high(PIN_D3);

output_low (PIN_C4);
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ocutput_low(PIN C5);
cutput_low (PIN_C6);

}

else if{(LTL == 1 && LTC == 1 && LTR == Q) || (LTL == 1 && LTC == 0 &s
LTR == 1)) /*turn left; stop left wheel, and forward right wheel*/

{

ocutput_low(PIN D3);
output_low(PIN_C4};
output_high(PIN_C5);
output_low (PIN_C6);

}

else /*stop if all 0's*/
{
cutput_low (PIN_D3);
ocutput_low (PIN C4);
output_low(PIN_C5);
output_low{PIN_C6);

}

/* junction counter*/
void junction_count {)

{

Junctiont+;

/*stop locomotion*/

void stop{)

{
output low(PIN D3};
output low(PIN_C4};
output low(PIN_C5);

output low(PIN C6};
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/*gripper fucntion*/
void gripper()
{
while (1)
{
if (a==1)
{
output_high(PIN_Al}; // open gripper for drop off
delay_us(1600) ;
output low(PIN_Al);
delay ms(20);
}
else
{
cutput_high(PIN Al}; // close gripper for pick up
delay_us (700} ;
output_low (PIN Al);
delay ms(20);

}

void turn right() //turn right 90 degrees
{
output_high{PIN Cb};
output_liow (PIN_C6);
output_high(PIN_C4);
output_low{PIN D3}:

delay ms (2000);

volid turn left{) //turn left 90 degrees

{

output_high (PIN_C6);
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output_low (PIN_C3);
output_high(PIN_D3);
output_low(PIN C4);

delay_ms (2000);

void turn rightl80() //turn right 180 desgrees
{

output_high (PIN_CS5);

output_low (PIN_C6):

output_high(PIN C4);

output_low(PIN D3);

delay ms {4000} ;

void turn leftl80() //turn left 180 degrees
{

output_high (PIN_C6};

output_low (PIN C5);

output_high (PIN_D3):

output low(PIN C4);

delay_ms (4000} ;

veid return _belt ()
{

a=0;

turn leftis80();

run(};

void bar sense()

{
if(barl == 0 && bar2 == 0 ) //drop off point is C

{
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a=l;

turn leftl180(};

run{};
if (counter ==1)
{
stop();

turn_right{);
run() ;

}

else if(counter == 2}
{

stop():
turn_left{);

run{);

}

else if (counter==3)
{

stop () ;

}

else if{counter==4)
{

stop{):
turn_right();
run(};

}

else if {counter==5)
{

atop();

turn left (};

runf(});

i

else if (counter=6)
{

stop ()

counter=0;



else if (bar0 == 0 && bar2 == 1) //drop of point is D

a=1;
turn_leftl80():
Tan () ;
if (counter ==1)
{
stop{);
turn_right ():
runf};
}
else if {counter == 3)
{
stop ()
Turn_right();
run{);
}

else if (counter==4}

turn leftiBO();
run () ;

}

else if (counter==5)
{

stop ()¢

turn left();

runf{};

}

elge if(counter==7)}

{
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stop():
turn_left{);

run(};

}

else if (counter=8)
{

stop(}:

counter=0;

}

else if (barl == 1 && bar2 == 0} //drop off point is E
{
a=1l;
turn_leftl180():
run{);
if (counter ==1)
{
stop ()
turn_right ();
runi} ;
}
else if (counter == 4)
{
stop(});
turn_ left{);
run();
}
else if{counter==5}
{
stop();
a=0;
turn leftl80():
run(};

}
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else if {counter==§)
{

stop ()
turn_right (};
run{);

}

else if (counter==9)
{

stop{);

turn_ left{);

run(};

}

else if (counter=10)

{

stop{):
counter=0;
}
}
else
{
}
b
void main()

{
//setup_ccpl (CCP_PWM); //pwm disabled, speed control disabled
//setup_ccp2 (CCP_PWM) ;

f/setup_timer 2(T2 DIV BY 4, 255, 1);
output high (PIN B4); //on buzzer for 2Zms
delay _ms {2000) ;

output_low(PIN_B4};

while (1)

run{);
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if (junction==0}
{

runf{);

else if (junction==1)
{
stop();:
turn right():
Tun{);

}

else if {junction==2}
{
stop{):
barsense() ;

}

else if (junction==3)
{counter++;

}

else
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FEFURE 1-1:  PICIGIS7 AND PICIGEOTG DLOC K DIAGRAM
Device Prgram | Dala Memary Data
rLASH EEENIM
RCIGFATS El4 62 Byles 12E 3rsF
I [T8 02 Byl T
L . Exaguz  ® it
" — “regram Toumver | "
ol
Fagy | :
ey A L'
Fle
Feg e
Py L,
duz ] RAM Afd 1 z
o M, !
et ]
£ =
= .
¥y >
Sanerp : :
‘ e 1] 525z e
ozl Cciply p—d ] RI4STD
Seoda i 'S Sarkan T bt 2] SSETH T
e Er e
Pk
. Tremy | e
EF= caramike =] are
QSIS Skarat
CELDTLR. ™ Fase
Ir-CkIuk
Datugas
LIrwbiage
Ercganiy
5
G5 von e
R - rm 1E~ars TrIAL
1 I it It
) I ) )
Taid SEPSCA 3 "
e ooe R LaaEm
Wote 1. -ighzr otz ohis 26z ~or he STATUS mgisler,

—— e
e ———————
2 URQE PrIrick p Terymoogy Iro DE2E.page &

106



PIC16F87X

FIGURE 1-2:

PIC16F8T4 AND PIC16F877 BLOCK HAGRAM

[evica Program | Cata Menory bata
FLASH EEFROM
HMCIEFETS 4K 192 Byles 25 Bytes
DICIERETY [ 363 Byles 55 Byles
) . Dsts Sus i FIRA
e | ] 2 T waamen
FLas IT £ At ARy
Lham YY) - & SAZAN2CRER-
EL=ws STazk Fle ) dals] SATANICr-
CEIEE: Eeg snars | AL
r SAS ANLER
FaE Ly -
Ens AR Al QF £
S il ) . RECINT
' ruzbicn reg i ',j‘d’ ’{t‘f:j’;, ' ::_
i Dreci oo 7 REZPGY
=54
=£
] Re-pox
RETRGD
il : BILT LR T oM
o 1 o h
= - o '
=oever-Lp p : RISIBIRSCL
L Ti*tar =, 1| irh= iy
rerucihn | ity Kot N 7 SoEiEn
T e | e T T ST e TR
Coms g L TTE— SRR
ResE: = JR
N L. N Y | v -
e Cieneraten [ Tinar m
CES LI Brovrout “ |
SRTIACLRS T Pous: =1 s [ meTroreec Tt
in-Crouk
Detugper
_ooalage l
Fregramimirg Sazial SlrsePont e PCATE
EL """'E HELANETT
== =] w5tanT
WIS vno o =] 3= TE
Tmed “t-ari TieC TFILAT
¥ I o i
I T T )
Tialy EERSE —— Eyrereeroun CEAS—
b ‘Ems Tod =
Hobs 1: =ilFerowdzr s sre *m the STATUS rpisler

- — —
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PIC16F87X

TABLE 1-1: PIC1GFE73 AND FICIBFSTE PINCUT DESCRIPTION
D SOHE i Butfer
) Descrl ption
PinNarme Pk | Bine | Type  Typs w
TESHTLYA H £ pTroEzgl | DsTiaer oy inpyleste-ral cock sourze Inpal.
QTOCLLLT '3 it o _— Smrlanee Sryt o.insl Somhe s 13 crystal o esanalar 1 orysisl
osckialor ece ¢ RC meds, tre S80I gin ouputs SLKSLT
whkch hag 1= tte frequercy o 201 ard ooz He insiucli:
cysie rae
TCo m TRy * 4 S g P wsher zimar neset) hput o programming sedape Inpud cr sgh
walings et niade corigl ThizZ pm iz sm antys cw renad s dhe
dnrlza.
FIRTA % 3 phdeclior x 10 posi.
FACAKT z 2 v T - RAL can 35 ke 295 cg nogit
At 4 H = T FA- can dzc be 2n3 £ inout
FAZ AR AR b H 4 fres T PAZ car =g be 3re'cg irpull o- ragarys analag retarenie
soitage
RAI AN v v- £ H g T RAZ zar zito B auylog houls 00 20sillee anE 0f re'erencs
Dige
BALTIoE H g =l o FAd 787 250 28 e clszk PRut bt fhie Timert mocu.a, Supy
15 cpar -l hpe
RAZ2TARE B T ul - PAS can Fzc b dacginnutd o the s ave seiest - the
Zynchrcntus seral pot.
SORTE iz & dhitrectord 1O pot. POSTE ar be sotae s
pagrarred for e weas Dl -Jr 30 2l o,
REMLAT e Tt i el PAL ¢an wor b ton agtarsy! pheeese- rn
A3 2 i e T
REZ I3 3z i ™2
FEXRY 22 24 n ™ B2 can goc be e ow rIERgE pEpraTEG MELE
F=4 i iE = T Inter-uct ¢ chana= o'n,
RE: 28 % N T Interruct ¢ change pm.
RIEFGD 27 oy g o=l Imter-upt o= crarge fn ar -Sircuk Debugger 3+ Zerla’
DFCGTAMM g ZiCCE.
BETEGE 25 i kv = Interupt e7 chanrge oo ar ~Gleul Dekugger 3 Serk
eregramn =g daia.
FIRTS 2 atirecliona 3 pat.
RIXT Q335 10KI e 1 s B RCC car ¥ 50 ba ine =merd azcliabor sl ar ~ieae! ciczh
-
R T Q30308 2 1z o g R can 353 22 T ~merl oo isiar i odor Taname g
Soroaral culpuTIMEAT cups
[SPundrriut oy 'z 12 s et FIT2 can dsc e tne Taoteed nsul-Somp e onsu P
tput
RIFIGKZICOL e “ (K - FIE Can doo ke the maromerous sadal cizk pRUTELTL Y Tr
el SP1d 193 mades
RIS-DEZDN £ is Fiind = BIL qar 247 o fhe SFICavs © (55 et or
dotE 60 1 T reede).
RIE2:20C 18 1= 3 T RTE zar azo ps the SP Cam 0l 12310 moce
RILTHM 4 kA i NG iy FTE Car &oo ve the U ZAR™ Agymarramaus Tranzr b or
Syrehronias Sieck.
k-] iz ) ey FL7 tar oo oe the L2AR™ Asynzrranau; Sege w2 ar
Syrebromzas A,
s 8,13 [ B - Hand eers e for opic and 10 ara,
VI 21 i F -— Fanbve SuRg!y of g c and KOs,
Leymin. dmipgul = ow o suluul (-1 R AR E ST RS Ll N SR )

o NDT grad

TTL =TT fppet
Habe *0 Tvsbufer i a Tohmil e input Al confguree Ao the exdarns Iniarupt

2. T buler iz 2 Sohmit TIggetinpyt wier Jzec tn nerial IR g rode

& T bl iz o Zckmi TIppecinpul ahar coptiurac in B oo ater s sl 3 KOS Pe o daeny o,

ST = 2chmiz Trigg=-inpul

& 1593 Roraehip Termyogy Irs
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PIC16F87X |

TABLE 4-2:  PICT5F874 AND PICISFE?Y PINOUT DESCRIPTION

a1 R =} aF2 | Lcee Bufter N
= Desorpbion
7 N Ping | Finx [ Ping [Type|  Tyom .

SOC T 3 0] el sTomanA § Sneliater crystyl Pourevieenl Sintk source Ingat.

SBCILROUT 1d 1£ it jal - Ozcliator orysial oulpuk Corrsois to 2oy of moanabir
crysial oxtliglar moe. r RO mede, IS0 pin nulputs SLE-
U™ which Fag o the fequercs ¢ 330, src cemoier e
mzfuclion Cynie rale,

VLR Ty 1 b 1= L'F & Masier cieysreEsetl oo ot pregrammitg woltage rpJtor nigr
P2IECE SRITMGLE COrirD ThE Cin ls ar dclie® {ow resatie tre
cevoe,

FORTA I 3 a-demziery 13 oo

RAZAMT = K 13 ] i BAd can s 40 e araing Inould

AL AT £ 4 o) =3 —L 2AY tan 353 Ee amaiag Inowlt

RAZ NI & £ | o] et 8 KA TY7 550 B8 graiag Inouls ar repatee analng

Teferenie wakage

RAZ-ANT I HEF+ £ £ pand 'z L RAZ T30 353 bE araiag owd ar pozili-x aralay

refers e vakage

RAL VLI S T 3 ] T RAL 2ar ¥lzo §e the clech nout 13 the Tleert Haer

wa e JLELT % ooer arap e,
Az T s ¥ H pe i =TL FAT can alze 3= analyg inpuld o Ihe slase seles 4t e
SFACHNCICL S 527l 20t
FORTH Iz & ¥-drecioral MG 307 S2R™E cap be s3flsars
Eragammet cr roafndl asak oul-ag 2% 8 Inouls

REXINT 33 iE 3 S Eapditich (b RBE ran 35y b e exler Inlerupkcin,

RE1 3 E = “TL

RED IE 12 =] -TL

RBIPZH 38 i3 1 I+ =L RBF Iy 353 b e lpa vatage pograr ~rg Input

REZ 2w 41 12 2 L Inl=Tuet an caanye o=,

RES k1] 42 i3 =] “TL Inferupl on enpnge gl

REEFET 22 A3 15 jof TTLETR ixmupl or charge or 2nin-Clve b Debugger ok Zeta

. METrATTES Ciagk,
RETRED 47 a4 17 2 oo lemwupl dr changs ar o7 IR-Sinc R Jebuager oF Zedn
PEGEIRTING £ 4.
FORTC & a gl-dieclicny % porl.
RECTIZ20T IS4 1E (1] e o 1 ROCT can 250 pa e TIme- cachlanor cuis g 2r e Timer|
T.30% Inow,
pieRba kb el n] ] 18 i = fia RO can alrd be Jhe Tiver aocitaker vpul o Taplures.
FRAEZampared 2naubPA G D 2ieul
4 e 18 iz = &7 RCT zar a%3 ke Tr Capnre! o Compere! cupey
Bl il
frted-Selul Viol - i T =) T RCIeshasa 008 sarehronode a2 al clpch poubioutpLy
o ECth P and 142 mades.
=44AGE 2CA 23 if az e T BCd can giie ke tne OF DFaA In 2B mece! ur
Jala 1G4 odes
faleltial o] & e -5 ) 5T ROZ canaizobe sne 28 Dafa o8
BPmaden,
ROETRGHE =E Eh = = T RS can x5c o2 v JSAST Asynzacercus Tranzr toar
Zanchrorels Cigcs

RCTREDT 33 I 1 = o7 ST can aig ke the LIART Asyninorcuz Recave ar

<AMChIer et Cats,

=22snd: e mEn T ing 10 w (m3raulpul = m BYMEr

- = Het Lasa T7. » 7L vzl 2T m Bl Trgger fput

Mols § ThI: buer 53 3o TeEgger PR iwhan T gured a5 un saernal FreT, ot
I TRIz boer 2 5 StonTRgger oLl when used B oser & proarammieg made.
BOThizEaMer 33 SUUHTTQYer FpLt when CoIGLIed 35 JENErE Furpase U5 arc 3 TTh PELTWeen uzed mae Saratel Tianve
el mode or INETAL NG 2 T OeErITessar byt
42 TRIzZ b ™er 23 3w rgger rectwnen sovieueed B R o5 llein mode are 2 TVET nput ciberyine

m
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TABLE 1-2:  PIC16FE74 AND PICASFA7Y PINOUT DESCRPTION (CONTINUED)

] F ] PLEE are | LA S-uMr "
Ph Nama Feng rird e | rna Tens Dacartpilon
SDATS I s ki rabond MCporor parzie slavs Eor abar
rearaI ng e 3 rormOE R tased B,
i€ =i iE 19 e i}
2c ¥4 1 L] hoafa el L]
21 2z <C Ox] a1
z 24 4 N S el
by z] g Q] ERa L
i 3! H [Hn] amep 12
TR 34 bl ] 8= FRTRRL
ROTIEIEY i 33 H va | gmem
EORTE 5 8 blgineclira 2 perd.
ELNFANME £ ¥ - o Z=—_In F3C cam zlic bersad coriral“orme anlie o ave 300 o
LU BT BRI N
RE 14 EMNE £ ‘3 i€ 13 e el o FRZ 1 can usc peAr e cndre faribe paRile slee= pors.cr
E RN WL I
REXTIMNT & 1 oo} g FEZ zar ab¢ be vriec] condre € Ihe jors el save e,
GF %Ay nELsT
8y CTEE| TR fo63f = —_ Eround referaroe o bvae anc 60 pirs.
Vi 1z ] 12,3F T IE = —_ Feskve soppiy o Iepk and 0 Eng.
[T -_ 1172, | '2-3, - Thez® plns arenal Inierly conneciy, Thase ping ibould be
&7 2234 =L srreched.
Legers dmirast T = atiouk B AP A P = power
— = A3 yzed O b 1 [ A1 5T = Schmilr Trigge: Input

Hate 4 Thgoufzriz o Sghell Trigpe- inpuk wher sorf gues oe oe Sxicr s’ inlerupt
2 g el e Icholl TigpEr inpuk wter Jzed intedal agrar eg reds

@ ThsoaufiErize Soholl THe InpE wher corfigued un gereral 2T0sE VO And 3 TTL oyl Ater L3ed 4 e Pamals Sheee
Porrede i interscihg 138 mizraprecesser bus..

4 ThzuMerize Zchrdlt TIQjes Inou aber sorfiguss In B oasclistor Yode 3md 3 RIS Iepa otieny s

e —
& TEOT Mrickp Teminao Irs DEIZ2E-page &
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30 VOPORTS

SJcrre pins for trese /G ports are musiplexed wth 31
aller e famitivn i Aw peripfadl fealines un i
devics. In gensrai. when a percheral is epabed, thal
pin may nol be used as a general zaroess VD pin.
Additicnal inforrrat zn on 12 bors My be found in the
omiew™ Mo-Ssnge  Seence Manual,
DS

31  POBTA and the TRISA Register

BORTA E a Z-bit wee bi-deciova por. The core-
spoeding dodn direstion reqistar @ TTRIGA, Genirg o,
TRISA ok (=1) il mske the comespending FOSTA p -
an inputiie.. put the comesconding bJipui driver in 3
hi-irrpedanze rrodal Clesrng a TR 24 & (=0
mzke fhe comeszending FORTA pr e cuzit e, pul
A w6 U wigiu bty un U s selenies ping,
Resding the FOSTA registe- reads the siaus of e
pinz. whereas wriingte 1w vtz o the porn ash, A1
wrile operations dre fesc-madiv-write cperalions.
Thetefore, a writeio azer iMplies hatthe sorpns avs
read, the va Je is moddied and she wrisn o the port
dats Jaieh

Jip K44 s mutipleed with the Timer® modue slock
input 10 becorre the JALTTTK] gin. “he RAATICK!
Fin iz & Schrris T ggerinpul 270 0 open dra ™ ootpLe.
All cther PLRTA cins have “TL nput leve's snd fui
CMDE atput == vers,

Qtrer FORTA pins are mitipzxed with s aicg inpus
and analkg “feeF intst The cpemtion of each pin s
sewuled By ubaigrseiling e wikd bis Boodne
ADZON' regisizr (AT Confrol Segisteri.

FIGURE 3-1:  BLOCK DIAGIAM OF

RAI-RAD AND RAS PINE
Cain
Suz
=} 2
waa
R
Fer GK'—L":
D bgich
— i et
Z)E
22 T T
TRIS Lailtk
]
L
el
_ £V

EY
3t PR [ |

o A2 Cerverar

Neie 1“0 pips hast Bealecicr Cotes i3 won and vy,

Note:  On a Poweront Resct, these panis ae oon-
figured as analeg ‘'nputs and read a: .

The TR3A registe sunivle e viesive: of (e T4
pins. even when they are being uszd 35 anaoginguss,
Theugerm.si ansurethe bits inthe "RIGS »agiser ans
ma s med selwhe Jsing trem & avalcg inputs.

EXAMPLE 2-1.  INITIALIZING PORTA

BCF STATTS, B

BCF ETRTDE, ERL : Bamkl

CLHF POETA tnitlalizg POEIA by

clasring wetput
d3%2 I3eThas
BEF ETATLS, W Fulqot Bank 1
HOVLN  Ix0€ Comflgura 1l pins
HOWE  ArloN] R0 dloltzl irgucs
MWW oxTF Yailm usad Lo

Instializs &3tz
firsstiin

Fat K30 g oimpute
RRhaf:4s 3@ outputs
THIBA:T:€> ara always
ramd ap I,

HOWIE  TRIER

L P .

# 1E93 Merzehp Teswoiogy Irs

FIGURE 3-2: BLOCK DIAGIANM OF Ra4!

TACKI PIN
Cmix
B O
WE
s s N " Loprlt
Hls
Ly Lakk 3
— 2 3 war
iR
HiE Wl st |,
“rege Yy
ot b
BT
a =]
=
[IFC —l
 TMAZ zlack g

Hote < 0D mk st rotecior cooes e Vs an

T
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TABLE ¥-1:  PORTA FUNCTIONS
Name 2it# | Buffer Funotian

BAGAIG | BE | TTL |Inpurcusu: or analog inpi

RATAN [ H | TTL  |inpusicuzus or analog inpas

RAANI b2 TTL | inpui/icuzus or analog input

RAZANIN=s=F b TTL | Inpuiiouisus cr analog inpus or V=sF

Ra4TCOKI b3 2T | Inpurdiouzus orexterns dock ing. for TirerD

Sumatis open drsin ype
RAGST AN b16 TL |Inpuioup.s cr slaws selec: inpus - synehroncus serial por: or analsg inpat

Legand: 7L = TTL input. 3~ = Schm il Trigper inpai

TABLE 3-2;  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Valie ore | Valee onall
Address| Name | Rit7 |Ritd | Ait3 {Ritd | Rita | RAit? | A4 | Ritd PR, nther

BOR msets

= PORIR — E - T T r- ¥ HAT REDT- 52 c00% | --00 coee
& TRIZA | — | — |PoAIA Dats Divecion Reghter B R P PPCRETERY
Brh AGCOMN[ADTM [ - - | = JPCTCA [ S Sa {PCrG | POT SO [-- = 7aas [+ -0 22ez
Legend: » = unsnown, u= unchanged, - = unmplemeTiedlocatone T83s as ‘0. shedes cells 372 ~ot Used oy FORIA,

Nde-

ihe following modes where PCFGI*CEGD = o100, 0201, slix, 13101, 1119, 1111

When wsirg ths S5 movinla 2 SPI edaws mnde md 78 ensbled, the AT amuertsr mies be st innne of

e I R R I R R RRRERRWWWSRyyINwEm~—~

L e e e e

ES3009cE-page 30
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L =

32 PORTE anc the TRESH Regjster

FORTE iy an S-bit oidz, bi-d ~soliona. por:. “he come-
spzding dala dircoten register 5 TRISE. Scting o
TRISE bit!=" jwil Make the eresponding PORTE p
an inpus e, put the sorestending output driver in s
hi-irrpedsnce mode), Cleerng 3 TRE3 ot sl w
maxe the comespons g PORTR pir an sutpit e, put
the contents of e outaud latch on tve seleetes pin).
Three pins of PORTB are ks tipsxed with the Low Yolt-
age Prograrrmng funciion; REAPGH, RIZP3C anz
SETPEL The sternale funclions of these prs s
desoribea in the Specal Feazures Seciion.

Sach of te PORT zns has 3 weak irdemal pu -up. &
singie cortrol bitosn tiv on al-the til-ups. Tns 5 per
formies by ¢ saning it RBPU{CPT ON_REGT». The
wesk culbup 5 aaorafes ¥ wned of whan the part
pite s ranfigiess as an s Tha oodaape ars dies
abled on 3 "oweran Reset

FIGURE 3-3: BLOCK DIAGRAM OF

RERB0 PINS
vea
= . ,
- :, 2 waNT
_:I__‘_,-'-""" S Eibtup
= Syelian
Cafa sus e a— .-
o o ]
LA TR - = "
Cein Inty
AB=LALh —
1" a -
o 1 PEY O S
WATRSE o Er"u.'r:"‘e"r o
R TLE
Iz
RE=ae EN
y
K
RECINT i St
el e i
St B T g 5=
Siree | e
Nete 10 15 pps e 2o prelasticn 1o enn wre Von.
2 Toenae weds 34k s, satthe prenive TRISER:)
adcenive RESG bt (R ON HES7,

Four of PORTE ' pins. SE7-REA, have an inerrucs on
chzge Zaure. Oniy pins configued as ~puts can
caise ihisineupt 1o ogow | &, any RET: 364 5 - po--
figared 3¢ an culput 't excludes fror tre mreTps o7
shange corpariseni, The put pins {of RBET:R3S a7
opmipsnac with tha 03 ¢a we atcher on te 2zt read of
CORTB. Tre ‘mismsc™ oulpus o SETRB ae
CRed iogethar o generats the B ot Change Ins--
rupt wit= fag Giz REIF + NTCZND,

Ths imt=rups can wake the device Yom 5L32F The

usss, in e inksmupt secvice routine, can alesr she insr-

rupt in te bilowing marns

a; Ay read of wrie of PORTE. Tris will end +he
riismizch condion

bi Clear’sg ot RBIF

& rismatch conddion w  contoue o set fag o F3IF

Reading PORTE will wiel e risriasts can i st

aliows Nag bit RBIF to be cleares.

The inlerrpt on change featus is eoormended

wake-up on %y depression opetation and operaicns

wrere “CRTH iy on ¥ used for the irerrupt cn chanps
‘zatre. Peling of PSRTE ie i recommenced wh &

‘us g the irtemupt on dange feat.re

This irserrupt on misrrach feature, tgether wit soft-
ware corfigureatle puliups on these four pe, zlow
eagy inerface o 2 keymso and ea it cossib e -
wake-up on key-degression, Refer o tre Errbeddes
Cortra. Handbook, “imsiemienning Waks-Up o wey
Diroke” |SNBEZ!.

SELINTisan excerna. rerrugs inpsipin and s ooty
ueedd usany e INTELS w (OPTISN_REG @I,

RILINT isdiscuszed ingeta inSemon 12101,

FIGURE 3-4: BLOCK DIAGREM OF
RB7-RE4 PING

o
3
g , I?""“'
B i Bul-p
Cals S0z s L 2
T a
iR Bt ey
— C a
WG e L
-—-—-u"J——-q
&k TLIS L
-
._r T3 ey
RE Fer £ =t
SRR, ey
o N
= ;“'f p
-rCm Jrer ST - .
SETABL a0z il e
B~ - @
RBET 535 mzeiy pogra-mng wcos
Meee o BDpirs Fave Shade preterion 13500 s V.
I Tennti= wedt pbues sel T NTOETYS TRIS e
I Cear e R BE Y OPT O RES !,

Mote:  When usirg Law Valtage ICER Prograrmming (VP ana the pull ugs on POATE are enas od. 6 2 i e
TRISB register must be tleared to disade the pu -up on RB3 2nd ensurethe Fropet speralion of the devze.

7]

1E9F Merschp Tesneiogy s
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%

TABLE 3-3:  PORTB FUNCTIONS

Name Bit¥ Buffer Function

RED NT bitid TTLET Ingutoutpul pi* or extzrmal rerrupt inpul. (N6 sofeare
progranmable wesk pull-up.

RB1 kit TTL Aoavouiput pin. Interal software prograrmatle weak prkap.

RE2 Lit TTL aguvouiput pin. Inbernal sofware programmatle weak pulk,p.

REIPGM kit TTL AEUTOUIPUE i1 of prograrTming p 1 in LYP rrede. tena sofware
prograr matle weay pull-ugs.

RE4 bité TIL "uveutput on jwith interrupt o chattge). Inbsmal software programmab s
weak pul-up,

RES bits L =pvouiput o n with interrupt oo shange]. Internal softwere programriabs
wzak pul-up.

RE&PGEE kit$ TILE™® {tncusouipul pi (wit imertups on chavga) or In-Cireuit Cebupger ov.
tierna: schiware programmiable weak pull-up. Sefal prograrming clock.

RETPGD bit¥ TTLS™ Tlapueulput pin it imerrop: en shange] or In-Cireuit Cebupger p~.
Inerna schware prog-ammabie weak pull-up. Serial prograceing dada,

Legend: TTL=TTL sput. 3T = Sehmit [ger input
Note 1; his bufteris 3 Schmitt “Tigge: inz2t when corfigures a5 the external inteTupt.
& This buffer is 2 Schit Tigge” inp.; ween ssed in seral LCgraMring mode.

TABLE 34:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

walus on: | Vsiueon all
adirene NSt B ¥ Bitg Bit5 | Bied | ets | Bz { et mio POR, whar
BOR regats
JER, T [PORTE FEY = L ROC | 75T § RED [ wkas | oows 5s
3€h, B8F | “RISH FORTS Dala Ziasiior Regeter 13131 13271131 1113
21h, 161 FTICM_REG E':HU[ INTZEG ITB::E i?sss I 28A | #50 | PET | 550 11117 1331 1t23 3318

Legerd. x = uknowr, u = unznanged. Shaded el a1 ro; Leed by EOTTE,

L330aore-page 52

& 1855 Miswmong TSCFrOogY il
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33 PORTC oy the TRISC Register

MORTS is an C-oit wice, bi-directionat pors. The sore—
spoding difa directen egises s THISC. Jeking 2
TRISC 5t 1211wl riake the comespontding PORTE pa
an inpur fi.e. put 2 oonesponding xipa: driver ins
hisirrpedance rrodel. Tkarng @ TRIZC bit =0] w
mMasehe Loresponaing PORTG pin anowpat L2, pin
the gontents of the butpusiatoh on the selectes pind.
PORTC is multic exed wit zeversl periphersl functicns.
iTakle 3-61. FORTC zing hewe Schrit Trgger input
buficrs.

Wnen tre <2 modu s s erabled, the PORTC (34 pins
can be sovigwed witr nonral PO lewls o wit
BMIUE lewsls by using the CHE b1iSIPETAT «2=),
WWnon cnatfng coriphers fanctions, cavs shoua be
aken in defning TRIS Zits for emch POR™C pin. Some
pefiphiecals override the TRIE b1z rrake a pin an cu-
put. while other periserals cverride 1@ “RIS b5
make a zin an inpul. Jince the TRIS st overoe is »
effest wh = we perlpterd 15 enabler, read-rmodify-
wiile insiuztons (geF. BoF, woRWFIwih TR SC =
destinatizm shiou o te avodes. Tre user should refer t
she comesponding per teral secticn B the correst
TRIZ brsetngs.

FIGURE 3-5: PORTS BLOCK DIAGRAW

{PERIPHERAL QUTPUT
OVERIIDE] RC=0:2>
RU<5{x
ECRYPERIP-ZRY. Beenilt
Pariy~arsl Dew ul .
Drz 645 . —
R b M=
PCAT, ol
1
s Lykh
; [
WA 1E enilt
i o —IE
TRE Lyt ]
r—u::i'_ VI
3 el R
ML R Teaer s
‘PR -
oz LT a &
=2 v
E= ol N -l
Tarpna-a Tput -

Nota §2 150 pins Nase diode project o 10 v 3rd Wes
2. PoriPerigrersl selecl slgra selests batwesn por
43 57 perprienl ouipLt,
3 HRRPNErs] Uk (CAIPLT STA0EI & 67 ICovatsa 0
sefphers saiee 5 atthe,

FIGURE 3-6: PORTC BLOCK DIAGREAM
{PERIPHEPAL CUTPUT
CVERRIDE) RC<3:4>

PoATEER:FFERAL Feipct?

HII1

2wy
Tigeer

Fevzeral
B~

SEZ fnae
r—

ohg
‘S AT=E®

Mo 10 160 pive bave dizte protecion Voo a1 Ve

¥ PulFehend seier: elmal s2:20ls betwsen porl
€313 a0 pErphers Guipdl.

3 Ferbnesl CE loinul eratisd |2 sriy atwatad IF
periphzra saieclis 3civa.

& *T4T Mrrrekp Texnnincy Ine

|

TENIFGRNAGA IR
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PIC16F87X

TABLE 3-5: PORTC FUNLCTIONS

Name Rif## | Fuiffer Typs Fimeatinn

RGO 1080 TGl 510 Ej Inpultatpt port pin or Timer1 osg -3tor ouiputTirtert o'oo nput

RCITIGENEEPZ o1t gF Inpinoutpss port pin or Timer1 g0 3307 ingut or Sacturs? ireus
CorpareZ oumputyRAWME cutput

RCTCH e 3T Inpusiousat pert pin or Caziwned inputComoant cutzur PR

Sl

RCAECKSCL 253 ar AC3 tan also e the synchronous sedal ciock for both 55 ard 3G
miodss.

RCASIREDA b d ki) RC4 can alsc te the SPI Data In (3P rede) ordata 110 1PE mode.

RCSEDD o] 3T Ingautioumzs port pin or Synoheoncus Ser st For dild sutet

RCETRCK 3] 3T Inputicuzut port pin or WSAST Azpnchroncus Tansrriz or Synchiro-
U Clock

RCTIRYTT 7 AT Inpunisreus per pin o USART Asyncroneus Seceive of Synghic-
nous Sats

Legend: &7 = Schiri: Tripger mout
TABLE 3.6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Vdue ot vd"ﬁ on

Address Name | Bk7 | Bt | Bit5 | Bitd | Bit3 | Bit2 | Bitt [ Bro | ~OR, 2
BOR other
rasets
TRIC] T | o0 | OLE | Tt | RCS | of | Aol [ HCD [rnor s T s
B “RISC [PORC Dala Directon Jegsie- 113 2113 [s13f 3318

Legend: = = unknown, 1 = urchanged.

e e e —— ————— ]

DIM2IIEfage 4

 HEE MionosTp ~Somaogy i3,

116




PIC16F87X

34 BORTD sod TRISD Regigfers

FIGURE 3-7:  PORTD BLOCK DIAGRAM (IN

. A ] - VO PORT MOGE)
;h‘cs1 Eﬁétf'é" 5 mce applicable i the PICIGFETS o —
2ORTD is an Z-bit porz wih Schmit Trgger nput buff- iuf S —{-ﬁ
ers. Zach £n is adividually corfigurable 3s an input o PoRT . bg !t
cutzas. “
F0RTD can be corfigures as a7 abit wiss micrpio- Caig L3tt
cessor porl (parallel slaws port) by setling comme bit — 2 o
FSPMQCE (TRISE<4>1, In this madte. tha inpun buffers -
are TL. I5s el 31:?: :: _&_
TRELES i
RITRE
.._.,.\I_... z rf—
Aosox | {“‘w _I
Holn 1 LT s Fave paecten Jodes oo Van and e,
TABLE 3-7:  PORTD FUNCTIONS
Name Bit# Buffer Type Function

AHFPSPD [-¥01] —T L nouteuiput porl pr or pata lel sigee portbil

RULPSP ki ST reUtcutput poct po of pars lel sl port bt

ROMPGRZ b2 5T TLI ruzoutput porl p o of paralel slavs port byC

ROPEP2 bi% ST redvioulput porl ot br paraiel slave port b33

RO4P5P4 b ST nzuzicuiput pott p or para lel slavs pot bt

HOLIPSPE b [arazn N rzuticulput porl p of para el slave port 646

ROBPSRT [ 31 ot L ACuTCulput port p OF para lel slave pott bbb

ROTPSFT b7 =T rEAtSUtEUL port p ot of para lef siave port b7

Lege=g: BT = Sthirit Tripger mput TTL = T™L input

Note 1° rp: bulfers a7 Schrrit Tripgers when in 12 mode and TTL bufler wien ' Farali: Slavs For Kede,

TABLE 3-9: SUMMARY OF REGISTERS ASSCCIATED WITH PORTD
value on: m
Addrawa | Mame | 807 (Bts|aws | mr4 |mes| etz | ekt | sro | pon, | sskeonal
BOR other rapeds
AR E AR S =04 Foa | *e | & AOC [aemn xooxx | weme aun
&3k TR.5D PO DataL:ratli:nﬁegls:ar 1211 113l J1aa1l a1}
&3r TRIDE | TBF | Cbr | B0V | POPVODE | — | PORIE Data Drecllon B8 8530 -351 | 5007 -133

Legend: x = unk=cwn. u = unchanged, - = 52 molerrentes read a5 0. =hades calls ars ol ws=0 by SORTD.

M

& 4202 Maoroorp Tesngogy Irs

=S30292B-r50e 25
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25  PORTE and TRISE Reqistet

“his section = not apoiicatie io the PICIEFETI or
PICIBF37R.
PORTE has tree ping, RECRTMSNG, RE:TRANG
a"d REQTEIANT, which 37 ‘mdivioually configuratle
 inpuis or outputs, Tness ping have Sthiris Tigger
izt bufers.

IS PORTE betomes comiro inpuss for the mricecpro-
cagset pots amen ot F3PNQDS TRISE<4») is st In
this rode, the user nust rmake surz thal the
“RISE=2:0> zits are sel fzns are ponfiguned as digial
ingtel. Engurg ADCONT is contgared for digial 2. in
this mede, the inpus buffers are TTL.

Repgistz™ 3-* shoaws the TRISE »z3ister. whizh alse ten-
ireis the paraile: slave por: cpesation.
PORTE pins ars rraltiplexed o th anabsy incas. Yhen
selerssd 45 30 analay nput thess pins w | read a5 Os.
TRIBE conilrgle the o ~zation of the RE ping, even when
they ane being usex a5 analoy incuts. The user rruss
rake sure 1 keep the pins configured as inpure when
using em as arateg inputs.
Note:  Cn a Fower-cn Resel these ping are con-
figurec a5 analog inpsAs.

REGISTER 3-1: TRISE REGISTER jADDRESS §%h)

FIGURE 3-8: PORTE BLOCK DIAGRAM (IN
1) PORT MODE)
Data
5‘: 2 23— —
wa s L2 prt®t
CEmizsh
— o 3
W=
IEIS ci Bttt
oy, o L-—-
RI"RS
L ——l0 n p—
EN
RJFCRT e —l

Note 11 ' pnzras® 0w asclaces o Ve and vis,

b v 1BF. Irpl Eufizr Fal! Sishus &1

o = NT %213 has Teen recevad
bl 6 DBF Cum BLMe SU S

0 = ~n@ ZLIpl bulter 35 Sean rex]

3=
1 = NC oeelow coou =i

ol & PIPRODE: Paraie Sigwe Ror Wkie Sakecl b
1 = Fafallal s'ave por Tode
& = Zensral pUplee Y0 mole

bit 31 Unimplemented: Raad 3 ‘2’

bl E BHZ Siresion ot by far pir SESTIVART
2 =InpLt
a = DUBLt

BE 10 BIET Sinedon Contoi bT 131 fir RELTARANE
1w irput
= CuehLt

bE B HIEW Srexton Somrolbs i pr SECFDANE
3= InpLt
0 = CLERLY

1 =7 Sul raffet BUE hotdE 3 pracausly Artien wed

1 = A'WOPT 35 baan recaned 3rd 15 A3Eng 1o e "ead by e OFL

DH & IBON oLt BLMer Cveiny Dtect DT 1T TIOMGOSEECT mde:
8 OSSO WheT A prevOURlY MTLT 0 s bl basn "eat /migst te 2'2arsg in soltears)

-2 A RINE WD il el Rl R
|_sF [ ceF | Bov JropvocE] < T w2 | pr | sm | |R = Readade
e 2% @ = Wiitatle it
U = Unirrplerented &iz,
reacas
-n= Valug 31 POS rece:
Slave P . 1B

L _____ ]
i 03k Memip Taetroisy i1,

Do3C2RIE-page 6
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TABLE }3:  PORTE FUNCTIONS

PIC16F87X

Mane Bt Buffe- Type “unsotion
EEUATANG il STTTLI: nEasoutput port oinorread oontro ingut in parallel 5 ave por mose er
anaog inpst
=0
3 = Not 3 read orsration
2 = Resz operaten. Reads FCRTD register if chip eslecied,
FEHTRRANG bt STIUN | neloutput port pin or wiite contrel input in paratle slave porl mose or
anaog inpst:
LL ks
& = o, enis upsralun
@ = WWrile operation. Writas PORTE regisier if chip se zoted)
REZTISANT by ETLIN restiautpit pard 37 or chip se=dt control inpul in pacallel siave port
mZie o~ anslcg input:
TE
1 = Device is not selected
2 = Device s sglected

Legera: 5T = Scheit Tripger mput TT. =T L irput
Note 1: ‘npu buffere stz Schirie Triggers when 0 10 mods 3% TTL buffer: when in Pavallel Stave Por Moss,

TABLE 3-10:  SUMMARY OF REGISTERE ASSOCIATED WITH FORTE

Value on e
“oar) Name | st7 |Bie|Bts | Bes | oBbs | Ba2 | Bt1 | seo | pom, | Maweord
BOR el rasata
oan - -_— —_ — — RE2 RE! REL |---v ~zxx fennn o
] Ell i B s B o (e R i P B T e

SFE | ADCONT | AGEM

- PSFGE | POFG2 | ALFGT [ncr’sa --Z. 2607 |..00 gio0

LEgen. x = U aMOAR, u = urcharged. - = Unmplsmerted read 583 Dhated sskears ron uzed WFOATE.

e

.

& TBOE Morachip Ted1Tooge Irs

Z0502628-0302 37
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P

52  Using TimerQwith an External Clock

Wher 7o prescaler is usad, the exterral cocs inout s
the sme 3= the preses er Suipat. The synchranzalien
of TECK: with the irdemal zhase ceks is accom-
pshed oy sarpling the wesaaler outpd o0 the G2 and
2 ycles of the intermal phase clocks Theteforz, 15
necessany e TOCK: o ke nigh for at least 2Tose (and
2 mrall RC deay of 20 #s) and low for 3t =as1 2Toss
3¢ & 55 RS delay of 20 ns). Sefero the electioal
speci® saticn of the desied devae.

93 Frescaler

Thens is oy one prestaser milatie, which s rrutualy
exlusivey shares betwean the Twwrl medule ans the
watchdog tmer. & srescaler assgnmrert for the TimeD

REGISTER 51: OPTIOM_REG REGISTER

riedile rMeans 3t fere 's n¢ prescaer for he waich-
dog ter, and vise-versa. This arescaler 's nx readatie

or urilabee Jsee Tigure &-1).

“he P34 and PEXPED bits |OFTIDN_REG20) detsr-
rite e prescaler wEsignmen; and prescae i

When assigned io @12 Timerd Modue. & 7sinictions
et r o the TARO register Je.g. CLRF 1, 4CWWF 1,
BEF 1, x....e1c.} will 2lear the presca'sr. Winen assgned
10 WDT, a cLrwoT instrucsion will o ear ihe prescaler
akng with the Watchdog Timer. “he presezer is mer
rezatable or wrizhos.

Hote: Wriling to TMRD, when the. prescaler is
- sssigned jo Timerd) will c'ear the presoaier
counl, but wi not charge the prescaler
©_assigrment '

RAV-T A1 ANl R R

-1 R RRUY

[=5r [TEDG | Tocs | T0SE | #5a | PS: | PSt | pap | B - Restabent

it 7
bitT.  RBPY
bitd  INTEDG

bitZ:  TOCS: TMROC sek Source Jelest bit
1 = Tranzit zn on T0CK: pin

Litd.  TOSE. TRIRD Seuree Evge Teben L
bit3:  PSA: Prestale Assgnmen bit
1 = Prescaler s assigred it e WET

bit 28 PS2PSD: Srescaier Rate Seizel tits
fhyvaug TYRIRale WLTRate

ana 17 11
2kl 1:4 1:z
A1 1:% 1:4
111 116 1.8
13= 1:22 115
11 184 1:32
11s 112 1.0
131 1:235% 10128

o = Interng irstuction syl diotk TLEOUT:

1 = Increme on righ-io-fow warsilion or TOOE g7
¢ = lngremes of ow--n Y wETsilion o THOKE p o

¢ = Prescaler: 5 assigred i the Timert mocule

WY = TIE R L

U = Yrimperented it
#adas T

- o= Valle 3l 903 ey

Node: To avod an unifmendks device RESET, the nsiruction ssguence showr in the P Crnero™ Mid-Range MCU
Farmiy Refemancs Manis: DRI swst ha exeriied when rhanping the precrsier asrignment frren
TimerD to the WD'T. This sequence must be follwed even if the WD is disables.

Do3lR0zE-page 46
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]

TABLE5-1:  REGISTERS ASSOQCIATED WITH TIMERD

Vahe om;

Atdresy neme | miT) mwe | ons | ete | Bts | etz | mt1 | Bea | eon | GG
otiwar resate
80R

0ib 104 {1 TMRD TiwerD module's negetar XXX AXEN | e wmmia

‘i‘gf?;sh L orate ] g | pez | 1oz | woE | reE | ToF | e | 2B janse zmox| ovin apou

gini3h | CIMON_REG|TEPD | IMTEDG | TOCS | TODE § 25A | FE2 | FSY | FEO 1111 13313311 114
Lagend: x = Urdhoati, w = Ureharget. - = anmplemerted logazons tead 28 0. Shated sate Sre 1ot used by TRerT:

N
# 1603 Mcrochp Tesmeody Ire.

| nE30262B-5508 46
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T
FAIRCHILD

S AN I T O e wwrw fairchidsemi.com

KA78XX/KA7TBXXA

3-Terminal 1A Positive Voltage Regulator

Features Descripton

R ¥ i iy LR ) The KATSNNEATSNYA sede: ¢ diree-amunal posidve
+ Capui Valnges of 365,00 10072, 05 00 34W reguair are avaiiable ja the TO-220 D-PAX packags rrd
+ Tlemmzl Osarload Brofectien with seveal fised onspraz vokizpes, mzking Mem vsefal fn a
= Sram Cdron Proteiion wida rmge of application:. Each o eraplors ickeraa,

= Curpae Tozsistor Safz Cresating Aven Tovechon cuIren: Uminns. tharmal shes dowr 20d safy ooeniiing aed

protection. makag xt essgntiocly idesmactidle, If adaquas
heai gnking iz movided, ey oo dabivar pver 1A sutput
curren. Although desizmed priaciv as finud volinga
regniors. these devica: <an be vsed with exercal
sompocams o chmiw ad rsrble voltzges anc cumrRCs

TO-22¢

AR E GND 2 Galpy

internal Block Digram

BT wApa [ew et
oo e e s s gt ViR &
N i I : T FRIPAST b
i
i i
j
! TP L) 3
i SIFARAAITIN RN "3

1 . T

it TEaee gl
) ... 15T 3 JUE- . E
. N .
¢
b
H o
f IR P =
SR e
l sl
~
3

Rey 7.0.0

QoM Farotibd Bemizor aze Comaats
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KATEXIMATER P

Absulute Maxinun Ratings

Parameter Symbok Vaine Unit
Inpst Voltsge Jor Yo = 5V 1o 184 Y a5 Y
for Vo = 28Y) Yy 47 W
“hermal Ressianes Junclicn-Cases (TR-225) Ra_c & AN
“herrmal Resstance Junclion-ir (TO-220) Ras i) Tl
Dperating Teviperaiune Mange (HATONM AR Toom 0-=125 kv
Sigrage Temerature Range TaTE €5~ < 15D K

Electrical Characteristics (KATB05/KATB05R})

iReferto jestoirns 1 G Ty < 1260, lo = S20ma, W =11 0= [L32F, Cos0 1u®, unless othenwis: specifies )

Parameter Syrrbol Conditions KATBOS Unit
Hin. § Typ. | Max
T2 G 48 | 5D | &2
Qulest Woliage W ECmA o Ig - 104, Pg & 18N .
V)= T e 20V 475 | s 2o 7
Line Ragulaiz (Mote1) Ragine | T =<Z52C Vo= ?_V o 28 - el s P
Wi= @ r 12W - 1.8 1 a0
. ‘ 1 . - pan o= 5Imb o]t - @ |
Load Regulalon MtNetel) Reglzaz | ©,==I5°C ST 3 z 1
Quieszent Curent bz T =3B EC - 52| &G r1d,
. ~ lo = EmAin 1.04 N <l R .
Guieszem Curerd Change alg TR T I - FEER ma
Dhalgrul Wulioge Dn 1 AT | - e - -0.& R T
Qutput Moise Yoltage Wy f= 10~z to 100KHz, Ta=+25%2 - 2 - W
Ripr = Rejecion AR f.= ?GHZ - ge | 73 - a8
: Vo= 8% o 18y
Drepout Voltage Vaop | 10=18, To=4I65C 2 - ¢
Dutpul Resissns ] f= 1K~z - iz - misk
Short Circuil Zurrent ‘aa =35, Te =p25 50 R i
Peak Curren: IFe To =250 - 22| - A
Mote:

1. 039 and Fnereguiston ar speclfed 51 SUnslar: [LNCon SEperalue. CRanges 1 Wy dus o neakng effecls el e taker
irle azcodrl sapstalely, FuES teetng wiih 0% SRV 15 used.
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Electrical Characteristics (KA7806/KAT806R]

(Rereripiest ooyt U € 1 4 120°C, 10 = CUOrTA, W =11, s UASE, Co=0 pE, uress aihendise speci.ed)

KATH0E
Farameier Symbol Condition: Lrndt
)“'" Win_ 3 Typ. | Max.
Ti=+25C0 5751480 | 6.2
Qb Vulage ke sHma 1o 7 LOA, PO oD 15 ”
Vim0 21V 57 | 80 | 63
= B o 28V - £ | 1k
LEne Regaiaon e t) meghne | Tr=+20°0 Vi =BV - < ey
V=8t 13Y - 15| 60
prg 17 . g [0 =8 o 1.24 B R .,
Load Regulaten (Mexel) Ragoxd | Ty=+3E70 SR T E T 5 Y
Quiestem; Cursnil Q Ty =42E°C - [ 8D 50| mA
TR - T ] - - H R
Cuieszem Curent Change 5] = J:’ :’ ‘ e
W= e 20V - - i3
LA
Cuzylvolage Drt Svgat o= SR - |22 - TE:
izt Hoke Volage ¥ = HiHzw 1005z, Ta =<26°C - 45 - hang
. . F= t20Hz - | = :
Ripz = Rejzrtion "R V.= G TV | v - d3
Drorondt Yelrage Yinp | = 1A Ta=25°C - p - i
Cudpat Resistance o f=t/H: - T3 - ikl
Sront Circuit Current 7o Y= 38Y. Ta=-28°C - | ZE - 4
Peak Current =TY Ta=+Z57C - | 22 - A
Ntk

1. 030 a1 ine raguidlon 3re PEctad A conslart JLnCiior RIMErSLe. TNAQEs Ir VD dL 3 10 ~2allr § 3r3aE must o2 t3ken
bo Frcrin separiey. Fives testing «fih 10y wily ‘s ussd.
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Electrical Characteristics (KATB08/KATB08R)

P

(mefertotestoires JC Ty« 28T, kn = 200mA, W =18V 0= DAF, So=0. iR, unless ctherwiss specifies)

. KATEGE .
Parameter Syraboi Conditions - Hnit
Min. | Typ. | Max
Te=+25°C 130 82
Duizst Voltage Yo o [EDma g 10A P 1EW v
W= 100V b 23 ER i X 5.4
W= 10.5Y w 289 - I Rat]

Line Regulation Note 1} Regline | Ty =+26°C 4= 108Y ,c E .B r
Vi= 11580 17y - Z0 | g0
lo=50mAtc 1.54 | - 10 | 8D

| Load Regulaten (MNewel] Regload | Ta=+256"C 9= 260mah 1o S
- =0, - Q0| &0
TS0mé
| Guieszerm Cumzni e Ta=+25°C - | 20§ B2 | mA
I = Srvd 1o 1.04 - P DE
Qwiesteni Curent Change AQ = — - ~ ma
_ W= USA W AT ~ | tE| 18

Ouigal Viokage Drift AVolaT | lo = 5mA - | Bs - jmweC

Zutpaal Hoise Yoliage Y 1= 1JHz % 1C0KHz. Ta =28 50 - &2 - | weife

Ripz = Rejection =R F= 120Hz W= 110w 2153 85 73 - d8

Drozoul Yokage Yorgp | lo =18 Tu=+25°C - p - ¥

Dttt Resistzroe: o 7= tkKHz - 17 - gl

Short Girguit S reent iz W= 3EY, Ta =428 °G - | 23 - M

Peak Curren: Y TJ=+25%C - 22 - &

Mote:
1. .03d ard ive reguiation a8 spedied at ponstant jurolion teMperaiute. Shanges i Yo SUS D eEiag efects musl De taken
ING A3CCUN SRpATAE Y. PUER BB W oW guly 5 ussd.
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Electrical Characteristics (KA/809/KAT809R)

(=efer totest oirgas 0°C © Ty < 125°C, 1o = 500mA. Wy =18%, £= DA2F, So=C0. 10", unless cthenviss specified)

KATBOD

Parameater Symbrok Conditicns - Unit
Min. | Typ. | Max.
ToE+I5 0 8B51 & |83=
Qutcat Voltage ¥o [ 50mbzlo=1.0A Fositi .
Vi= 115 to 24 2R g g4 -
Line Regulalio- iNotel] Regline | = ==22°C ki ‘;,_1 s'q' r 2_?"' . 8 1_30 m
W= I3 Ty 2 20
Load Regulaton (Noel) Regloac | T.==287C :2 :Zlgﬁﬂﬁaum ry : 1:: my
Duwiescem; Tursnt o —.=e25 70 - 501 an ] ma
Quiesceni Surrsnt Change aAlg lo = Smfic 104 - 0.8 mi
Y= 115 e 26 - 13
Dutrst Wolzage Drt Mol | lo=SmA - -1 - |mwiAg
Dutzat Moise Yoltage Wy f= 1Hz 1o 100KHz Ta =+25°C - £ | N
v 1= = 17
Ripz: = Rejecion R& T.-T ;I..I;:za - &6 | 7 SE
Drogout Yolkage Yarep | ln=18, Ty=42370 2 - Y
Cungest Resistance o) f=1kHz t? - ML
Short Circuit Current o ViI= 35V, Ta =230 C0 250 - nd
Peak Currern iPK TS HIBEG 22l - A

Mote,

1. -03d ard Inz r2quialon 3re spec-mad &t CONBLaNT jLNCTion empsraiLre. THANges Ir Ws AL 2 1o aalle § eMsatE Tt ba taker
InlD ABCOUnt sRpIale . PUies e g WiR Iew Sl s used,
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FATEXUMSTEE RS

Electrical Characteristics (KA7810)

iFefer o test circut 0°C < Ty < 125°C, Ig

R

= Z00MA, V) =18V, C= DA2F So=0.1u%, unless otherwiss specifies:

Faranveter Symbof Conditiens KAT810 Uit
Min. | Typ. { Max
T 66 | 10 |ice
Duleat Veltage Yo [BImAzZ oz 10A PoZitW .
VI= 1BV 0 25 g5 | 10 Jws| ¥
Line Regalaticn iNotel} | Regline | = =4pgog  fri- 128023 gy remb
V= 13 s 25 - K| ]
Load Reg Eat?cm.. Metel! | Segleas | T, =426 00 :g ;i’:::‘r:o;:iﬁﬁﬂﬁ ' 1_2 :gi e
Quiescer Quyrrent g TSI T - [ET ] S0 ] ma
Quiescen: Curent Change | slg lo = ;:-11,.:: o 1.04 - o s
M= 15 2oy - - 1.2
Dutpst Volape Drit S¥oldT | o= Smk - -1 - | mieg
Quizzt Nisise Voliage Wy F=10Hz 0 1C0KHz Ta=422°C - BE - (TR
Ripr ¢ Rejection RR ::jz,igﬁzm ooy B ™ - a3
Dregzut Yeltage Worop flo= 18, Ty=-257C i A ¥
Dutzit Resistands 0 f=1kHz - 7T o- rgl
Shoft Circuit Cutrant BC | ViR 3BV, Ta=L23¢0 - |28 - A,
Peak Current Ipg TSSHIE S - fa2z2q - )

Note:

1. .03d ar3 “y€ reguiator sne speaizd Al soostan e o

inle azetunt separalely. Paigs testing wiih lox oy 5 Usad.

EmMpEtAlure. Changes Ve die heatng elfzets must be taken
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FATBXNUCATER LA

Electrical Characteristics (KAT812/KA7812R)

iRefer woiest ¢irg3 ,0°C < Ty 2 126°C, Ig = 300mA. W) =16V, O= 0.220F, Do=0.107, unless ¢therwiss specifies:

Parameiar Symbol Canditions m_l\?a 12KATE12R Unit
Min. | Typ. | Max.
ToERB ST E| 12 [ 125
Dutzit Veltage Yo [BImA = o=l DA Fosimw ¥
Vi= 145 o 27 A 12 | 126
Line Regulatian (MNotei} Regling § T, =+26°C ,I'f' =149t 30 - 10 (248 il
W= 1EV oo Z2V - 30| =D
Load Regilatom (Newel) Regloas | To=+265C :2 : ggtjlﬂ\m.: ;57; o - 51 ; £:§ oy
Quieszem: Sursnt Iz =I5 T < | B} BT ma
Cuiescer: Currert Change Al vk} imbic 1.0 - C"E &5 s
NI = 15 o 30 - | 28] 12
Quitcut Voltage Drdt AT | g = 8mi - 1 - ML
Dutpst Moise Yolage Wy o[ f= 10Hzw 100KMz T =+3572 -1 76 - | weni
Pipz & Rejection e | IR gz |7 | - | a8
Dropoul Yelage Vamop | o= 14, Ty=-257C ‘ - p - K
Drutzut Resistanc o] f= 1KHz - 12 - mil
Short Cirguit Surrant Fite W)= BBV, Ta=-25°0 - | 238 - ma,
Peak Curren: I | To® =250 -] 22 - &

Mote:
1. 03¢ ard 7€ rzquiator 3re epetlsd Al Songlant | Irano emperalure, G 3NZeE [T Vg S8t Teatnyg effacts mist be taken
‘nlo ascount eapasaley. PUige tast g wih oy Saly 5 ussd,
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EAVSNOMATEXEA

Electrical Characteristics (HA7815)

iReferto testoircst 00 Ty < 126°C. 12

= §Comp, Wy =230 O= D3 30F, Co=0. 167, unless otherwiss specifieg

) . KAT813 5
Parameier Symbel Conditions Unit
M. | Iyp. | Max.
TG G 144 | 15 |1£6
Dutz ¥olage Wo o [BImA L of1 DA Postsw »
W= 175 w0 30V 1wze| 15 e ¢
W= T8 o B
Lire Sag. ixien iMeteil Sagling | T, =+26%5C il oY w3 ! s
W= 20N w b 21 tED
. _ a=5ma e 184 12 1 32D
T Pt (e e —— ¢ i
Load Reg.laton Moell Regoad § 7. =+26°C = oB0mA 10 TEITE . T o1
Duiescer Curent v} T 2] ef | rma
Ig = Emi te 104 Y
Quiescem: Surent Charge %) 'C :1 - ™A
Y= 7.5 o 2DV - - 1.0
Ttz ¥oltage Dr A¥o/AT | o= EmA - -1 - imeC
Dutpead Hoise Vokage i f= 0Hzip ICKHz. "a=+25°C 2H - e
e et - f= 120-z I
Rigs# Peiesion AR | - 1mmv sy # 1) - dB
Drezoul Yeltage Yprp | lo= 1A, TyERE 0 2 - v
Suigad Resistanie el f= 1K=z 18 - ML)
Shiort Crowil Surrent I3 W= 55, Ta=2E¢C B - rA,
Peak Curen: PK TGS 22| - A

Hote:

1.03d ard Ing ssgdtallen e 5p2CTed &l £oTEET [LNCTIR BApArELe. SNanges N Yo duE 10 Faallr g stadls wus o2 taker
nio 33zzan] sepasaley. Ties eetng Wihlow Taly 5 used.
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KATEREMATEREA

Electrical Characteristics (KA7818)

==

iReferodestoirn 00 © Ty < 126°C, lo = S00mA, ') =27Y, = DA2uF, So=0. 1u7, uniess othenviss specifiea]

" KATE14 ]
Parameter Symbal Conditions - Unit
Min. { Typ. | Max.
TLS426 G 1731 18 {187
Dutzat Voltage Wi 8.0mA 5 0108, PoZ18W »
W =214 to 35 T 18 11348 !
. : i - W= 27w 33V - 18 | 22D
Line Regulstico ifvatet) Reghne | 7, =+255C - i f . — — i
W= 24V o 2DV - £ 120
‘ k> =Gmho 1.94 - 15 | 2D
Load Regulation ‘hotel] Segloaz | To=+35°C - Y
sguaton eell | medleds : Ic = 250ma 16 750mA | - | 50 | (20|
Quiescert Curent Iz e - 52 ] 82| maA
i Io=Embie 1.04 - - | bE
uiescert Curent Change Al c - _,‘ ré
V= 219 1o 33V - -
Dutzat Vol:age Drit Aga” | o= SmA - -1 - |mWac
Dutzut Neise Yolrage Wy f= 10Hz 32 120KHz T4 =+25°C - o - | eiWo
. o f=120H=z ;
Ripr = Rejection R D §2 | %0 - L
Drozout Yeliage Vargp | Joom taTy=22550 - 2 - Y
Dutzt Pesistance it f= 1KHz - 22 - A EN]
Shart Circuit Current o Y= 35Y, Ta=<25¢C - |aEx] - méA
Peak Curren: IPy ToEe2f - 122 - )

HNote:

1. _o3d ard (e reguiator 3¢ speried at soustand urlioa tewpetalure. CFangas 1 ¥y fle (@ nedag effzcts rLs be taken
Into azcount separale . Faies faet™ig wih 10w TUly 5 us3d.
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FAFENIKATIERA

Elacirical Characteristics (KA7824)

iReferipiestoites 1 0 €Ty < 126°C, Io = 500mA. W =33Y, D= D.A3F, So=d 1y, uniess cherwiss specified)

- KaTgad X
Parametar Symbel Candiions Unit
M | Iyp. | Maz.
T.=eR G 2} M4 | 26
Dutzal Voliage Yo | 8ImAsics fle Pos 5N y
W= 2T e $BY ic8 2t pfieiet -
N L _ T 280
Ling Regdats (Note 1) Seging| T, =237 ":' = 1o 33:’ L .8‘ my
W= 30 1c 36Y - 2 | 2&n
io=fmrao b - i6 | e2d
siater cNeet) T 1\
Load Regulator (Nezedl  |Reg oad| 7, =+23°C o AR T TEA - =T "
Suiesre™ Surer, R D e e - 52 | = nA
. , g =5mad 1o 1.04 - ot f i
QuiesceniCurent Change | 42 ‘c - - nA
V= IT 1 5GY - o3 1
el - i
Crutgul Welmge Dr & Soral } g = Snd - -1.5 - i
Dutcut Naise Yolagn Vi f- UMz i ii0kHz, T4 - 1252 &80 uvtio
AR, - f=128-z e -
Hiprz Hejoedion =H )= D64 o 38N £ a7 4
Drazout Yekaga VYorp | lo= 14, Ty=238 b - Z - W
Dulgut Resistarce o f=1Kkz - 28 - e ¥
Shor, Cireuit Turrenl Isc V)= 38, Ta=+2E¢0 - 22D - nA
Teak Surmen: lar: | =, =+23°C - 22 - ~
note:

tocoad ard Ihs rige.alion 3re bpEcTed al constan: Lacan tenperakoe. D1anges i Vo dus 10 Feallr § #MESE Tust oe 3ker
PRC ADCIMT SAP3TAR Y. FIER TRETIL OGN 12N B 3 L5234

u
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HATEEXIKATER L&

Electrical Characteristics {KAT805A)
iRefer 10 the tes girouits. C°C < T« 472570, " =14, V1 = 10W, £ =0L330F C o=0.10F, unless othenvise spes
fied

Parameter Symb-ot Conditions Min. | Typ. | Max. Linit
Ty =+4253C 45 g 5.1
Duitpait Voltage Wi o= 5rr_u5, 10 1#:, S SN 42 : - )
We=T.8 b 20V
W= T8 b 25Y - =
I = SE0mA - o0
Lire Regulation (Notet) Regine | V.=ayto 120 . 3 a0 oy
T 24389 Y= ?ME‘\.! 1o 20V - £ 58
Vis 8k 12V - g 26
T4 =4;E'E< ic ; o i
Lzad Regulation (Mo ] Regload 2= ?mﬁ. e 1ES - oy
B Iz =5mé 1c 14 - g 2D
Iy = 250mA 1o 730ma - & 50
Quiescent Jyumeni Iz TJ=4253C - £4 g7 s
Suisszer Syment I = 8m4 ic 14 - i
Chaa—ge“. RS An W= 2 o 204, Io = S00m A - - 0.2 i,
V= TAY e 20V, Ty =425 70 ' - - .8
Dustoat Wshtage Drif ANAT | in = Grd - Bk - my T
Szl Mzise Yokage ‘¥ f.;: jg; f’c 100K 4z . 1 o | i
Fipok Sejact s R | S o S00mA - s - 43
Dne st Yaolzage Vorp | le=128Ta=425C - 3 - Y
Dot Resigtas e (o] T= 1KHz 1 - 7 - Ml
Short Circult Cutrent 5o Vi 35V, Ta =+28°C - elon - &
Peak Cumrent P Td= 425 7C - 2.2 - A
Hote:

1. LO2d 338 lIrs requialion 3oe 2pasMed 3¢ oohslan: jurclisn Semperalure, Thanss n Yo Jue I hezfing SNMEME TUET B taReN
nle aceeani saparEte. Puies REtE Witk low sl s uesd,

11
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KATIXOEATEN R

Electrical Characteristics (KAT806A}

imefer to the tem cirouits. £°C « T) < 412555, 3 =14, ¥ = 11V, 0 =0

-

B3uF. © 5=0.1pF, un =38 cherwise speci-

fied)
Paramater Bymbol Conditions Min. | Typ. | Max. | Unit
Ty=+257C EFE L o8 [ &1
Lt Vokage ¥o €= 8md o 14, PO S 1EW cre| 6 [ems ) ¥
W= 28y o 21y B
YW= B2V ro 2BV -
£ = 500mA R
Line Reguisticn iNote1) egline | W= BV io 13V . 5 oo -y
Ty=22530 VEBSV1e 21"‘. - 2 B
Vi 89 1o 13V - 151 ag
Ty==252C - .
. B 100
Load Regaiaten iNetel] Resioad G = Smh to 1.54 "
R0 e =FmA o 14 4 [ | ™
i = 250méA te T50m& - 50| &
Quieszen Sureni G T =223 - 43} 8D mé
‘= OmA o 14 - - o5
Quieszen] Surrent Change &35 W= G o 25V, [ = Z00mA . - 0.8 mé
W= BBV 0 2TV, Ty=428°2 - - (13
Ciutzat Viollags Drik AWAT | o= Gmd S B
5 Bl N : = 0Hz 0 100K=z - vins
Dt Ndse Yoltsge Wn Ta =476 i 12 - | kW
e - T= 120z, " = 500ma
Fipslk Reject o =R V=Gl 15y - Ac. - aE
Dregaoun Yekags NVorp | o= 18 Tj=4Z5°C - 2 - i
Cutput Resistanze e f=1HHz - 17 - r3
Short Circud Surrent e W= 36V Ta =425870 xn) - A,
Paak Curren; P | Ty=425°C - oz - &

Note:

1. Load ang Hne regalallcn are speciied at consiaal Ackor tempsraiire. Sharge in Vs

inlo 33204 s2patately. PR ety wHh Iow caby 5 used

AL o Beatng efents Must fe TEean
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MATEXXIKATER XA

Typical Perfomance Characteristics

T
AMg= TN

2 —

BN

vty aekint iy

GuxEBRE SLARLET ki

¢
i
'
RARENCENE SURSENT faki

e
- ] £ % L) Kt} » = ] b ™ = »
JURETOR TEWNSIAATLEE (o} P e TAEE (W
Figure 3. Qutput votage Fipure 4. Zulsasent Current
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HATANEIKATERES

Typical Applications

O HATEKE e e
s i Tl
g |
it i e ‘J--"
1MF : B
e B
i
|
Flgure 5. D& Paramelars
P wATERE 2
(2% T Cenpal
' ™~ e

‘ S

o

S,
&

i

Flgura 6. Load Reguisticn

[21] 1
i*c;c 1) - AT,
L l
Toue *
b
e -
ey H

Figura 7. Ripple Rejection

figRs . i
o RSP EST .

4 g —

T Tara
H

- RO SR

!
s

Figura 8. Fixad Owiput Regulator
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FATBEXHATERRA

- - L .

33

Figure 8. Constant Currant Ragulater

Notes:
i+ TospaCly ar qlLiput voliage. SUBETELE vollage vauE for “XI." A commor graurd Is regulrad Sabyean 1ha inpu ang the SLipat
yoltage. TF3 thpus wollage must rErEn Wptally 20V asgve e outpul vSiEge 2ven duddrg e ioe colaton M2 inpas ricpie

valtage,
(210 B requived T requiator 18 iocsted an sppratiate dEtRNCa fOm pliver Supoiy Niler

Tk, fw
(3 o Imiprayes gl 310 Uar sisn 7esponse.

lingsal - - el
P/ HATAKE s e
1 »
o . - = -
T.- 2 l!," oo
SR a e eimeed

g 2 540

Vo m Y 1HR S =Rz
Flgura 10. Slrculk Por Intraas ing Output Yollags

It . 4 il
TGRS N KAPREOS PR I ———— )
» - ) . -
L P
G e . ' i?{‘ o 1 AL
has A T - —_—
0 Blait LRC - .
E il ) AN
trd
[T

o= 1eR R =iplz
#lgure 11. Adjustab e Cuiput Regulator (7 t 30V
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FATAXKATRECEA

EPANY NI N X

Figure 12. BIgh Currant Vollaga Raguiator
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Figure 4. Trasking vollage Reguialor
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FATANE A TR

Meochanical Dimensicns

Paclhage

T0-220

€80 L3 450=00

2 8.7 3
e (=] P ———
o . = g =347
o 0550 & 0 oy R
~| = w et ™85-3
kY pid T
o
ES N
-1 L
=| & o
= b
ol e | W]
Wy T (= B
= m
b k. —
A
=
o
g
= 3
& =]
5 IR .
=
2]
F

20 =2. 3 2507502 2402
2.E4TYP Z54TYR
f2edzn21 | [2 £4 3t 3]

i
l_

1).00 =£.30
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HATEX HATER B A

Mechancal Dimensions e

Package

D-PAK

;;-\‘1 -
- 2.0 £.13
[O.E 030 F“ .50 £33
v
<] £ N
i = 2| 2 #
o e I 7
1 o [x] pry )
4 & 2 a 3
- I =
a1 } $
r _ 2 -
=]
r,1,5;¢:-_95_l i [ I 28213 i«% 0D a1
P
2.30T+F 2ITYR 202 0 2
FaRE _ oD et] R b
B8 =L —
{5.24:
[ T {6.04 = &
" e |EEE
— p— q i -
= it
gl # sl | [Li2xRp2s, f
o s
] [ ] ] -
Te} T =)
& i-«a =
A
FS -
o 076

L
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HATARNMEATERES,

Ordering Information

Product Humber Quiput Yoltage Tolerance | 2ackage | COperating Temperaiure
wATEOS / KATI0E
SATODO V CATICR
KATEIC =4%
nATE1D T SATEE
|~ RATBld AArEz4 |
KATEQGA | {ATECEA
KATRAAL ¢ CAT7ATRS [HESIE Dt
KATEI0A V HATEY 24 =2%
KATEIDA [ AT CA
FATEHA
KATBOZR 7 <ATELLR
KATEOER / <ATALLE =% C-PAxR
HKATEIIR

To-220

7
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APPENDIX E
L298N H-BRIDGE DRIVER DATASHEET

142



.

L298

DUAL FULL-BRIDGE DRIVER

» CPERATINGEUFPPLY YEOLTASEUP TD S0 v

n TOTALDC CURREXRT LFT34 4

u LOW SATURATION WOLTASGE

x CYERTEMPERATLURE PROTECTION

w LAGECAL D IMPUT VO TAGEU2 TO 1.8 Y
(HIEHSCISE IMAMURITY

DESCRIPTION

Thz L2828 is an integrated monoiithic ol wuitin 2 13-
lzad Mudwait and FowerSTED packages. s 3
high voltage, high cumert dual fuil- argge driver de-
signedicasceptstandara T Llogic evels avddrvs
imdustive sads tuoh 3 relzys, solencids, 2iT and
sEppingmoiers Two enableinputs are provided to
enableorditaplethe deviceindeperdertyof e n-
putslgras. Theemliles o7 Ie lower rans s1iors of
eazh bridge areconnecied iogethersrd the some-
spondingesiarnalienr nal car be us=d for e cor-

BLOCK DIAGRAM

Powerk Cal

Nultiwatt {5

CRDERING RUMEBERS ; L2868 [Muls wan Ver)
L2OGMN Cduitiat Horz.d

Lk (FaeraLE)

suppiyitput's provided so that thelogic works 20 a
lower yotage.

mETs m‘?z ris i mEr?r: m‘?
7 b o 7] B
- K |
o ot .
mi ,
L I
i — s
2 —:’ z)
4 ! : (_L
. El‘ 7 - 1:-._] .
Mn 7 " E.'n: ]
: K .. . ) .
HENE Ry b . OB R i
Qﬁﬂ .L -[Il““ S-senr
sertary 20003 113
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L298

ABSCOLUTE MAXIMUM RATINGS

Byrribrod Parameter Value Unit
A Power Supcy 50 W
g Logic Supsy otape v W

W, Ne- 1 noutsnd SnablaVotsge _ -L31o 7 i
5 Peak Qutput Cument (each Thannel
— “on Repet ve [t = 100us) 3 A
—Repatiive 185% on =20% o, 1o- = 1008} 25 A
L Operstion 2 A
YWara | Sensing Yoliage ) - 2.3 W
Puz A Totad Power Dssipabon (Tone = 750} 6 W
Tz winglicr Dersiing Terpemtice -2Be T3l 2
Tay, . {3torage and Juncicn Terperaiune ~47 b 180 o
PIN CONNECTIONS ftop view!
/ i ey PEES SuRRENT SEMENG B
— A U
'$-’ s B LT
E 3 ov— T
j s, EgURLEE
‘ E sm— 4 T £
o [ — LB ST Y W TASE g
Muliwattls b
LI ea—-" NPT
[ e— -1 - -
L S— T
] b d BURTLY WL TAZE ¥y
_@_ s ourrats
g P S 1 (T
\\ I‘ I e CAURARAT SENE TS 4
Z ~aL D HHECTID TG FE A B,
ZhT b3 oy <25
Iergm s [T 12 T zeszeE
(SO 12 = nc.
Dk R N [ e P ]
on Power5020 ¢ I o
vy 1 T mput+
BB N 14 1 Evmoel
Eratls & 13 7 moul s
R (=3 . o
EhI LA -t
DERAWA
THERMAL DATA

Eymbrol Parameter Power5020 Multiwait1s | Unit

Siisjewaw | T1ENE! Resiszance Jundion-case Sz - 3 Lahn

R w-p | Tremnal Sesisiante Lungtion-amb e Max. 13 a3 ol

[': Mourded on slamdman sLbefate
>z Eﬂ
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L2568

FIN FUNCTIONS (referso the blosk diagrar

MW.45 | PowerSQ Name Funciion
s 2142 Eanss & Senss B |Eefwset this poand ground s connected the sense seskioric
sl fre currerr, o the load
e 45 Cut1-Cun 2 Qutputs of the Bridge &; the cumen: that floes through i icad
_ conneged betwaen thess swe ping 5 menitores 2: pin 1.
& & Wy Supoy Yolage forthe Power Sutput Stages.
A nondnduciive 100nF capadior must o= ConNECies Tetwieen this
pin ans ground.
7 TE Input 1; Input2 | TTL Corrzaible Inpuls & the Bridge 4.
211 a4 Znable A Enzzled [ TTL Corrpatble Enabi Input: the L siale dsablss the broge &
(enabe A) sdiorthe bridge E (enable B).
2 11091 20 ENC Groungd. _ _
S 1z V&S  Suppy Yoliage for te Logic Bocks. AT00NE carscter sl oz
cennezed betwveen ths p and gound
1012 1315 Imput 3; Inputd | TTL Cerrgaible lnputs < $e Sridge B.
1314 16,17 Cutd D d Ouiputs ofthe Briggs B, “he cumer: that flows shrough the osd
. jeommexed belwean thess twc ping 5 monitores a4 pin 1%,
- 12 H.Z, Mg; Conneacted

ELECTRICAL CHARACTERISTICS iWE = 42%, VaE = &V, 7 = 257 unless otheraise specifad)

Symbol Parameter ‘ Test Conditions Min. Typ. ‘Max. Unit_
We  VSupply Vokage ipindi Cipergdve Tond don i 25 L W
Wez jLogic Supplyiiltage pin &) 45 5 ¥ W

s Cliescem SUpply Comenz (pind)  [VWa=H L=l Vi=L 1a 2z mMe
W == &D s 18
Yan= L Yi= X 4 MA
laz  {Quiescam Curret from Ve (pr Bl fMen=H L= WisL pe s b
W= T 12 )
- . Man= L V=X 4 A
Ve o Qinoutlow u’anage -2 1.2 W
ioins S 7, 0 i _
W gyt High d.u'ahage P MEE v
leming® ¥ b 1
b llow Wousge Imou Current ! -10 wh
) vping 5.7, 10108 )
W -:g- "a‘ﬂ!t-:ﬂ? Input Surrent Wi= Hs Ve 020 50 100 A
eoing 5 F, 10 1T
Nen® L (Snigble iowVotiage iping & 01) 02 1.5 W
Yw: = H {Enablz High Volage (pins €, 1) C 25 Ves ¥
=L " {Low Yoiage Enable Currem Y= L ~-10 v
Jiping 2. 1) . -
e 57 gy fchisge Enatle Cumen [y = Ht Wiy - 60 ad 100 na -
; sping® 17 - _
W mean| Sourse Szurzicn Yeltage [l = 1A Czf | 123 7T W
e Lj, = 24 pes 27 - Vo
] '-'.fLE,,,,_L_j' Sink Saturston Yosps L= 1A Q.28 1.2 iz | ¥
| =328 1.7 22 |
ey | Total Doz =14 1ad AW
b= 28 £3 W
Ve | }Sensing Vobags ipins 1, 18] - -1 i3 o W
‘fj’ A
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L 298

ELECTRICAL CHARACTERISTICS (continusd)

Symbol “Parameter Test Conditions Min. | Typ. | Max. | Unit
T+ i jSourse Cument Tumn-off Delay BEVsQ5l. (2} id} 1.5 ne
[ T-i¥: {Source Currert F3ll Tme D61 101, {Ind ) 0.2 1B
[ T {:v‘.f; Sourze Current Tum-on Delsy OZWas0 . 2% 2 s
Taid: |Source Curmert Rise Time D1l 0D . 2 K Cps
Tz 1% | Sink Curren Turr-cf Delay B.5vitc 0zl (A4 Qv : ne
T (¥3 13ink Curret Fal Tire 0G0 30 028 s
T ¥ 1Sink Currerd Tum-cn Delay G3viie 02l nid) : 1.6 E
Te (W {Sink Current Rize Tme 01l wnd | 3 o Bs
oty {Correusaton Frequenoy l, =28 25 4% | KHz
<y 1%, [Source Cumert Tum-off Delay  [0.5%, 00000 24 3 s
T3 (¥ §Source Currert Fall Tz D&l 0y . 52iid) ) 1 1
Ta (Y §Source Currert Tum-on Delay RSt TR N ] s WS
o Ut {Source Cumert P se Tine 0l .08, 04 s
T (Yt {Sink Surrert Turm-cf Delay 0.5 %Ymm DAL {306 2 us
Tai%ant 13ink Curret Fal Time BE ol 20 (1R I
T (Mant {3ink Current Turm-on Delay 05%msD8E 130 038 e
Tal%a |3ink CurertRise Tme |01 DS (Enidd 0.1 uE

T 1iSener] wollage Gan e =1 3 Tor | o 50 pEe INEleRdy 6 Ve Tina —LG 4.
S)Seatg .

H-o=3tgd

4] Tre izadmusl fe 5 paneress0r

Figure 1 : Typiea: Sawrat'cnolage vs. Dutput Figure 2 - Switching Tirmas Test Cirgui's.
Surrent.
. B bath
AET ) I
v b : Vg iV
oot f;',
4 Yo H Pt
Ei: N ol '/"L .
R I B >,
167 - - ENABLE
df“fj’ ;
1.2 > .
24 | ;
a4 _ ] §. | -S40
' i .
H ' N e _
4 w4 OF 12 1§ 20 s i), Hofe - =of IWPUT :i\'ld'h;mEN -

=or ENABLSTwhaTng B2l I =

w13 &7
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1290

Figured : Sourse Cyrart Delay Tines ¢f. [nputor Erabie Swiching.

Ld

imax{ZA}
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Figure 8 : Sink Surrert Dolay Times vo. Input 3 %W Enablz Ewitohing.
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Figure T : Tor higher currents, sutpuls oan be paralleled. Take care to paralisl charned © with channe 4

and channel 2 with charnsl 2.
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APPLICATION INFORMATION (Refer to the block dizgrami

11 FOWER SUTPLT STAGE

Thel 288 nlagratestwe poweroutpaisiagas (A Bl
The power output stage is & kridge configuration
and its outpuss oan dgrive an indocsive load in som-
maror diferenzial mekde, dependingon tha state of
the inpuis. Tha cument that flows througn the ‘cad
gomes outfrom the brigge at the sensz autpur: an
extarnal resistor |R54  Rp.} alicwstodetectihe ‘n-
tens Ty of this cureert.

1.2 NPT 3TAGE

Eagn brigge is drivern by means of four gatesthein-
putof which arz In ) in2; EnAsnc in3: Ind; EnB.
Theinirpuissettha bridge state when The Eninput
Is high, a lew state of the Endpputinhbitehe bridge.
&1 tveinpuls are T7L compatisle.

Z. SLGGESTIONS

& ron induciive capacior, usaally of 100 nF, must
ke ‘oreseen betwear poth'Ys and Vss, o grourd,
as n=ar as possile o GM3 pin. When tha large ca-
pastorof the power supnly s 100 farfrom the I8, a
segond smaler one must be foresesn near the
L23&.

The senss rasistor, rod of & wire wourd type, must
ke groundadnear she negatve pole of s that must
ke nesrthe GRS pinoftha LC.

&7

Zach inp.t miusy be corrected 10 the scurge oftha
driving sigrals by means of 5 very shot oath.
Tum-Jr ang Turn-07: Seforeto Tum-0N the Sup-
plyoliagaand beforeto Turn tOFF the Enable n-
put must be driven to e Low statz.

. APPLICATIONS

=g 9 shows a Rigirectons’ ST motor contnol Sche-
r-atic Diagram ferwhich only one bridge iz nesdad.
The external bridge of cicdes 07 1o 02 s made by
our fast racovary slerants {tr = 200 rnsec) tha:
r-us: = chosen of a VF a5 ‘cw as oossidle at the
worstcase of the igad cumrant.
Thesensesuiputvotage car be usedto contoithe
cumrentamolitude By ehooping the inputs, orio pre-
vide avercument protector by swiiching low the en-
zble inouk

The braks furction [Fast motor stop] requires that
the Absoline Maximum Ratng of 2 Arps musi
reve: e overcome.

Wher: the repetitive peak gumeri needad rom the
tosd is kigharthan Z Amos. a paralle ed sonfgurs-
Won gan be zhosen{See Fig 7).

Ar external bridge of dioses are required ’n’l’en ir-
dustya lsads ara driven and when the inputs of the
iC are chopoed: Shofthydisdeswolid be prafermed.

149



L2908

This 2o udon ez drive until # Amps in DG aperaion
andunttl 3.2 Amps of 3 repettive sask carrant.

=ig 10 s7ows a zzcord o phase bipolar stapper
mder comtrol cirouit where the gument s contolled

OrFig5 is shownihe drivirg ofa -wophase bizolar bytha .G LS3CE.
SIEPREr MOIor ; the nesdad sIQRa‘s (o drve IFe 1n-

puls of the L2Bc gre generzied.in inis exampiz.

From the 10 L3GT.

Fig® shows sr examble of 2.C.8B dasizrediirhe

apoloatienof Fg =,

Figure 8 : TwoPhase Bipo ar Sepoer Motor &iroult.

This cre it drives bipalar stepper metors with aindirg currsnts up to 2 & The clodes arefast 2 & types.
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APPENDIX F
TCRT5000 OPTICAL SENSOR DATASHEET
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HAY TCRT5000(L)
Vishay Semiconductors

Reflective Optical Sensor with Transistor Qutput

Description

Thz TCRTEI0R{L] has a sompact sonsruciion where
the erzitting-light source and he deteciorare arranged
ir: ihe same direst's n to sens2 the presarce of ar ob-
ject by using the reflective |F hezm from the ol ject.
The operating waveength ‘s 85C mr-. The detecior
smnsiste of 3 photstransistor

Applications

& Rociion sarset for chaft erooder

& Jeiection of refleciva mazenst such a5 paper,
IZM cards, magnetic tapes o,

& _irit switeh for mnecharcs! motions ia WCR

& Gergral purpese - wharewer he space is 'mited

T

I=1a

Features

® Srap-n constructcn for PLB mourtng ,-j ;

& 2azkage haight: 7 mm l‘i.

® Plasgtic poyearboanate housing corstuction :Ii z (a2
whith prevents crosszalk

&= ong eacls
® Curtent Tramsfer Ratia (STRI o typea: 10% Top view

Order Instruction

Ordeting Code Sensing Distance Rem.arks
TCRTEOCD 2mm l.esgs (2.5 mm}
TCRTEOCDL) 2mm Lorg leads {195 rom)

Documrers Mumbsr E3750 el o AN SO
Rev AL, D3-JL =[O 148
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TCRT5000(L) —
Vishay Samiccnductors

Absolute Maximum Ratings

Input {Ermittar
. Parameter “est Conditicns Symikel Vaiue dnit
Feverse vollage YW g W
Forward eumrani - €2 mA
Forward surge current a2 10 i lge 3 A
Howar dissipabion larn 528 Hy; TU. RiLi
Janctior lemoeraturs T 137 c
Qupy: {Cetector}
Pararmeter “est Conditions - Symiel Yailue At
Cellector amiztar voilags [ 73 N
Emiter coientor voltsge Waen 5 W
Lollector oirrent Iz Y mA
Powsar dissipatien Tarn 8 5E°C Py 13 Yy
~incfior femperature T| 100 2
Zenacr
Farametsr “est Conditicns Symkol Walue 1 Jnit
Tsial powe- dissipation Tarp 2250 Pige Z0C Y
Cperalon empsratire rangs Tarat —Z5 0 -530 E*
Storage iemperstars rarge Terg =ZE w0 -10C 'z
Soldeiing emperature Z mmfrom cass 1210 Teq 282 o
WENlEhEy.cn [acunend MLmbsr 2740
Gl HEY. Ad. Ll
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VISHAY

TCRT5000(L}

Vishay Semiconductol
Elactrical Charactarisucs ':Tamb- = 2R'C)
irput (Ermittar)

Farameter Tasi Conditions Jvmbal Min. Tvp, hax Linii
I'erward vo'tage lg = 50 A Wz 1.2 1.5 W
Jincion capasitancs Yr=CV, f=1MEz iy £0 pF
Cwiput {Detacror,

Parameter Test Conditions Symbal iin. e, Max Lnii
Lolloctor emitter voltage {i= = ° ma W e ki) 4
Emitter ooilesior vokage 1z = 130 Ul YEco 7 W
Crllantne dark migrans Woe = PRV e = E =i ing,- 10 3N nd
Sensor

Farameter Test Gonditions Symbol Min. Tyo. Max inii
Collectsr surrent Vez =5 g = 13 ma. RLd 0 f 2.1 T,

D="2mm
Collector erite- = il mb o= 03 ma | Yopes G4 W
saturation volage O="2mm

- Seefmsi oirsuil

2. Test surface: Mirte: iMIr. Spindler 3. Hower Part No 240005)

®

Fig.~=z 1.

“estgirzu

R A AP A

L,

FaL Wi J it bl e

= 27 F o

farn. 2 ] L+ = Btz cE
i ™, [ 244
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|| i ; -pac#agemgml

Figure 2, Tasi ¢ mouit
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155

e VIENEYCON
LY E



TCRT5000(L)

h_ A
VISHAY

Yishay Semiconductors

Typica Characteristics (7_,, = Z5°C, unless otherwise spacified)
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Vishay Semiconductc

o TCRT5000(L)
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VISHAY

TCRT5000(L)

Vishay Semiconduciors
Cimensions of TCRTEH0MD in mm
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TCRTS000{L)
vishay Semiconductors

h A
VISHAY

Dimensions of TCRTS000L in mm
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