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ABSTRACT

This report is intended to provide an insight view of the Maze Mouse project. The
first chapter serves as the introduction to the projéct, which covers the background of
study, problem statement, and objectives and scope of study. The objective of this
project is to produce a prototype of a mouse that can find its own way out of a maze
smoothly, but not necessarily very quickly. This will be explained later in the report.
This project requires strong basics in electronics, covering three important aspects of
the mouse which are microcontroller, infrared sensor and stepper motor. The earlier
part of the second chépter describes the details of the Sterling Mousé, an example of
a maze mouse. The Sterling Mouse was created by Nick Smith as a participant in the
Micromouse Competition held in the United States. The third chapter of this report
presents the methodology used in completing this Maze Mouse project. This includes
the purchasing and procurement of the components, circuit construction,
programming and integration of the mouse’s separate circuits. In the next chapter,
you will be providedi with the details of the project work, which focuses on how the
prototype gets to work. |
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

The Maze Mouse is a subject already popular in countries such as the United States
of America (USA), United Kingdom (UK), Japan and Canada. There have been a
number of Maze Mouse projects done by university students from these countries.
There have also been a few micromouse competition being held overseas, in which
the concept is similar to my maze mouse. The competitions are held in a large-scale

manner, in which they involve contestants from different institutions.

A maze mouse is actually a small robot which is designed to solve a given maze in
which it is placed. However, the detailed specifications of each mouse depend on the
requirement. For example, 8 maze mouse must have the ability to solve a maze in the
shortest time in order to win a competition. As for my mouse, the requirement is
different as would be described later. Development of the robot involves both the
physical construction of the robot and the realization of maze solving ability by

implementing some maze-solving algorithms in software.

Based on the information gathered, a maze mouse basically consists of three major
parts:

i.  Mouse control

This is the most crucial part, since it handles sensor information and motor
control in pursuit of solving a given maze. Various types of controller can be
used for a maze mouse. Current applications show that the type ranges from

simple PLC control to more complex neuro-fuzzy technique.



ii.  Sensor

There are a few types of sensors which have been used in previous maze
mouse projects, such as micro switch sensor, relay sensor and infra-red
sensor. These sensors are responsible to provide information (e.g. junctions
or dead ends) about the path followed to the controller. It is based on these
sensor inputs that the mouse controller can perform the maze solving
algorithm.

iii.  Motor driver

This part controls the motor speed and direction of the mouse while moving
along a given maze. This part is important to ensure smoothness of the
mouse’s movement, The project work regarding this part requires some

mechanical knowledge.

Apart from these three parts of the mouse, another important element of the mouse is
the power supply part. Most of the time, the mouse gets its power supply from a 9V
battery.

The software part of the mouse involves the programming of the microcontroller,
RAM and/or ROM. The program plays the most important role in determining a
snccessful operation of the mouse. It contains the predefined algorithm that the

mouse should follow in order to get out of the maze safely.

Together with the prototype of the mouse, the maze is not to be left out. Usually, the
mazes used in the micromouse competitions are made from wood and they follow
certain standard as defined by the rules of the competition. Similarly, the maze for
this project will be constructed according to a set of criteria that will be discussed in

Iater chapters.



1.2 Problem Statement

By the end of the year, a prototype of a maze mouse is to be produced. The maze
mouse must be able to find its own way out of a given maze, regardless of the time
consumed and the distance traveled. The maze is to be built using black and white

paints to differentiate between the walls and maze, respectively.

The project is to be carried out based on two different but highly related aspects:
hardware and software. The hardware aspect requires the development of the
microcontroller circuit, sensor interfacing and the mouse mechanical system. These

three elements should then be integrated so as to produce a complete prototype.

The software aspect of the project will require the development of a program that
controls the whole operation of the mouse. Based on the information from the
sensors, the program must be able to come out with the decision for the mouse to act.
Specifically, programs are to be written for the 80C31 microcontroller, the RAM IC
and the EPROM IC. In order to write the program, the flow chart of the mouse’s
movement should first be determined. By the end of the year, the mouse prototype

should be able to maneuver and find its route out of the maze.

The maze mouse, and other similar devices, is a very useful tool in the robotics and
industrial automation field. It can be used to help us humans in reaching those areas
in plants or factories which are either dangerous or within our arms’ reach. The basic
concept of the maze mouse has also been expanded to produce the Autonomous

Guided Vehicle {(AGV), an emerging technology at present.

The main principle of AGV, robot navigation, is defined as [1}the guiding of a
mobile robot to a desired destination or along a desired path in an environment
characterized by a terrain and a set of distinct objects, such as obstacles and
landmarks. The autonomous navigate ability and road following precision are mainly

influenced by its control strategy and real-time control performance.



By autonomous robot navigation, we mean the ability of a robot to move
purposefully and without human intervention in-environments that have not been
specifically engineered for it. Autonomous navigation requires a number of
heterogeneous capabilities, including the ability to execute elementary goal-
achieving actions, like reaching a given location; to reach in real time to unexpected
events, like the sudden appearance of an obstacle; to determine the robot’s position;

and to adapt to changes in the environment.

1.3 Objectives and Scope of Study
The completion of the project should fulfill these following obj'ectives:

1. To understand and construct a fully operational infra-red sensor circuit. This
sensor circuit should be able to detect the presence or absence of wall at the
left, front or right side of the mouse.

2. To understand and construct the motor driver circuit. This circuit is

responsible in determining the motor’s speed and direction.

3. To understand and develop the controller circuit of the mouse, complete with
its program, which is the primary element of the mouse. This controller
should be able to read the information given by the sensors correctly in order
to produce the decision, on which the motor should act, for the mouse to get

out of the maze safely.

4. Finally, to integrate all the components of the mouse to produce a compiete

prototype of the maze mouse that can find its own way out of a maze.

This Maze Mouse project will in the end enables me to apply all the technical
knowledge learned during the years in the university. This would especially refer to
the electronics and programming stuff Lessons acquired from subjects such as
Analogue Electronics and Microprocessor I would be very useful in completing this

project.



For the purpose of ensuring the feasibility of the project within the scope and time
frame, focus is concentrated méinly on the hardware assembly of the mouse
prototype during the first semester. Then, during the second semester, more effort is
put into developing the program for the microcontroller. Shown in the Appendix is

the Gantt chart of this project’s scheduling for two semesters.



CHAPTER 2
LITERATURE REVIEW AND/OR THEORY

2.1 [2]Sterling Mouse by Nick Smith

The Sterling Mouse is one of the contestants for the Micromouse UK competition
(Micromouse). Micromouse is an annual robotics competition in which aatonomous
robot ‘mice’ compete against each other to solve a 16 by 16 inch maze in the shortest
time. Each square of the maze is 18 cm by 18 cm. The walls are 5 cm high and 1.2

cm thick.

The mice participating in the competition can be as simple as a Lego Mindstorms kit
with light and touch sensors, or as complex as a vision guided chassis with DC

motors controlled by a Digital Signal Processing chip.

Figure 1 Overall structure of the Sterling Mouse

The overall structure of the Sterling Mouse is as illustrated above. It can be seen that
there are basically two independent parts. The mouse control handles sensor
information and motor control and builds up a bit map of the maze. The maze solver

takes the bit map of the maze and builds a decision matrix on which the mouse acts.



2.1.1 Mouse Mechanics

Although described as circular, the mouse is actually octagonal with a driving wheel
on each side. It also has a cup mounted ball bearing for stability and ease of
movement at the front and back. A pair of stepper motors (one for each wheel) drives
the main wheels under direct CPU control. To get a good top speed the motors are
accelerated from rest using an acceleration table derived by.trial and error. Direction
control is achieved in a tank-like manner by accelerating and decelerating the wheels
independently. Turning is accomplished by reversing one of the wheels. The mouse
has eight switches to enable different speed ranges to compensate for actual

conditions on the day and also variable battery power.

The position of the mouse is calculated by keeping a tally of the number of steps
moved over time. To allow for cumulative errors and the possibility of the motors
dropping some steps the mouse position is reset whenever a wall is encountered in
front or whenever a wall disappears on either side, i.e. about half way between two

squares. A maximum error of about five inches can be tolerated.

~Z

Figure2 Mechanical diagram of the Sterling Mouse

Front view

There are seven sensors in total: one microswitch on the front and three sensors built
from old relay contacts mounted on wings on each side. The wings, shown in Figure
2, essentially tell the mouse whether there is a wall present and if so whether the
mouse is too close or too far from it on each side. The mouse will run down the
centre of the maze, within a fixed tolerance, as long as at least one side wall is

present. When there are no walls on either side the mouse travels in a straight line.



21.2 Computer

The brain of the mouse is made up of the six chips detailed below:

RCA CDP 1802 CPU (CMOS)
RCA CDP 1851 Programmable 1/0 interface
(CMOS)
RCA CDP 1859 Memory management chip
(CMOS)
RCA 4069 Hex inverter (CMOS)
Mostek 4118 I k x 8 static RAM
Hitachi 2716 2kx 85 VPROM

Table1 The chips used in the brain of the Sterling Mouse

The requirement of low power consumption makes the use of CMOS chips highly
desirable. Unfortunately space limitations and the need for hand wiring precluded the

use of the lower density CMOS memories.

Maximum use of the 1802 CPU has enabled a powerful program fo be produced
using little memory. The 1802 has 16 x 16-bit intemal registers and all mouse status
and control information is kept in these registers. Only 1 byte of RAM is required,
and is used for logic and arithmetic operations. The 16 x 16 byte map of the maze
and the 16 x 16 byte decision matrix are also held in RAM. Total EPROM
requirements are about 800 byte made up of 700 bytes for the main control program

and 100 bytes for the maze solver.

2.2 Microcontroller

Nowadays we can find microcontroller in almost every electronic device such as
VTR's, TV's, heating control etc. [3]By using a microcontroller in a hardware
design, the workflow is completely different. Most of the time is spent in writing

software but on the other hand we can reduce the hardware design to a maximum.



A typical.microcontroller' device is the 8051 designed by INTEL. In the last 10 years
a lot of companies like Atmel, Philips, Matra Harris, OKL, Dallas, Cypress and
Infineon have developed new derivates, with special features, all based on the 8051
core. The 8051 is currently the most successful microcontroller family in the world.

Software resources are also available without any problems.

2.3 Infrared Sensor

The wavelength range for light in the near infrared region is about [4]700 nanometers
(nm) to 1100 nm. The infrared detector, or phototransistor, can be made up
fundamentally based on two configurations: common emitter amplifier and common

collector amplifier.
2.3.1 Common-Emitter Amplifier Circuit

The common-emitter amplifier circuit (Figure 3) generates an output which
transitions from a high state to a low state when light in the near-infrared range is
detected by the phototransistor. The wavelength range for light in the near infrared
region is about 700 nanometers (nm) to 1100 nm. The output is created by
connecting a resistor between the voltage supply and the collector pin of the
component. The output voltage is read at the terminal of the collector. It is called an
amplifier circuit because the current generated in the component when light is
detected is very small. However, the component has an internal amplifier (in this case -

a phototransistor) which magnifies this current to useful levels.
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Figare3 Common-Emitter Amplifier
2.3.2 Common-Collector Amplifier Circuit

The common-collector amplifier (Fig. 2) generates an output which transitions from
a low state to a high state when IR light is detected by the phototransistor. The output
is created by connecting a resistor between the emitter pin of the component and

ground. The output is read at the emitter terminal.
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Figure 4 Common-Collector Amplifier

In both circuits the phototransistor can be used in two modes, an active mode and a
switch mode. Operating in the active mode means that the phototransistor generates a
response proportional to the light received by the component up to a certain light
level. When the amount of light surpasses that level, the phototransistor becomes
saturated and the output will not increase even as the light level increases. This mode
is useful in applications where it is desired to detect two levels of inputs for

comparison. Operating in the switch mode means that the phototransistor will either

10



be off’ (cut-off) or ”on” (saturated) in response to the light. This mode is useful

when a digital output is required for object detection or encoder sensing.

By adjusting the load resistor in the amplifier circuit one can set the mode of
operation. The correct value for the resistor can be determined by the following

equations;

Active Mode: Ve > Ry X Iee
Switch Mode: Vee <Ry X Iec

Typically a resistor value of 5k(2 or higher is adequate to operate the phototransistor
in the switch mode. The high level output voltage in the'switching mode should equal
the supply voltage. The low level output voltage in the switching mode should be less
than 0.8 Volts. |

The greatest distance at which an infrared solution will still work depends much on
the application. [5]In most cases, by pulsing the emitter with a high drive current and

using a sensitive photo sensor, such as a photo Darlington, one can expand the range:

» The range for detecting an object by reflection can be from 0 mm to 400 mm.
The factors involved are the configuration and reflectivity of the reflective
surface, the drive current of the emitter, and the photo sensor output. Dust,

however, can impair this range.

+ Object sensing by transmissivity (i.e. breaking a beam of light between two
points with an object) has a range of 0 to 12 m. The factors involved are the
‘'size of the object used to break the beam, the drive current of the emitter, the
output type of the photo sensor, and the electrical timing techniques used such

as synchronous detection.

« For pure data transmission, the range is from 0 to 15 m. The factors are the
data rate, the coding and modulation technique, and the expected signal to
noise ratio or bit error rate. A high emitter drive current can improve the

range of the system.

[6]Listed below are the specification definitions for an infrared:

11



F DEFINITION
i Aperture Width Width of the buili-in openings in front of the emitter and
photo sensor that define the size of the beam.
2 BVcgos Collector-Emitter Breakdown Voltage with the base
open. _
3 | Emussion Angle @ 1/2 | Angle of the cone where the light intensity is half that
Power on the optical axis.
4 Iec Supply Current Current drawn from the supply at a given voltage.
5 Tero Collector-Emitter current for radiant sensitive devices
when the base is open and without radiant incidence.
6 I Current flowing through a.diode from anode to cathode.
7 Irs Diode forward current (Ir) required to cause the output
to turn on.
8 Iy Diode forward current (Iy} required to cause the output
to tum off.
9 Ix Current flowing through a diode from cathode to anode.
10 1x(D) Reverse dark current for a given supply voltage.
11 Lead Spacing Distance between the leads from the emitter side of the
package to the photo sensor side.
12 Light Current Current which flows through a device due to radiant
‘ incidence.
13 Negative Threshold | Amount of incident light at which the device turns off.
14 On-State Collector | Collector current at a specified radiant incidence and a
Current specified coliector voltage.
15 Operating Supply Voltage under which the device operates.
Voltage
16 Output Configuration | Qutput circuit and function.
17 Output Power The radiant intensity of emitted light measured in
‘ mW/st.
18 Positive Threshold | Amount of incident light required to turn the device on.
19 | Reception Angle @ 1/2 | Angle of the cone where the sensitivity is half that on
Power the optical axis.
20 Ve Voltage between anode and cathode at a specified
forward current.
21 Vi Voltage between cathode and anode at a specified
reverse current.

Table2 Tnfrared Specifications Definition

[7]Infrared phototransistors are also sensitive to visible light and therefore will need
to be shielded in someway to prevent the device from being swamped by the rooms
lighting. This can be done by hiding the phototransistor inside a line side structure or

12



placing it inside a short piece of opaque i:ubing. If the phototransistor is mounted, the

back of the transistor can be painted black to prevent room light from entering.

The next diagram shows a method of shielding the detector phototransistor from
room light.

ACROSS THE TRACK DETECTION - PHOTOTRANSISTOR SHEILDING
©ROB PAISLEY 1999

A METHOD OF SHEILDING A PHOTOTRANSISTOR FROM RODM LIGHT

HEAT SHRIBIK TUBING -
144" BLACK PLASTIC TUBIRG
HEAT SHRINK TUBHNG ON
¢ TRANSISTOR LEADS

”,

)
RN
AN |

R

NN
4_/

G e

PHOTOTRANSISTOR

Drawn With MacDraft® 4.2

Figure 3 Detector Shielding Method
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CHAPTER 3
METHODOLOGY OR PROJECT WORK

3.1 Literature Review

The project work is first conducted by performing extensive literature review on all
topics related to maze mouse. The objective is to gain as much information as
possible that is helpful throughout the process of completing the project. The findings

are as stated in the previous chapter.

3.2 Hardware Construction

Having understood the concepts of a maze mouse, the next step is to determine the
correct circuit to build it. Upon having the circuits, I began the procurement of the
required components for the prototype. The list of the hardware components used is

in the appendix.

Then, the project work continues with the construction of the circuitries involved to
operate the maze mouse. The circuits used to realize the maze mouse are as shown in

the appendix.

As stated earlier, the prototype of the maze mouse consists of the following three

main circuits;
i.  Microcontroller circuit
il.  Motor driver circnit

iti.  Infrared sensor circuit

14



Among all the above circuits, the sensor circuit is identified to be the most complex.
Therefore, it is first constructed on a piece of breadboard so that its functionality can
be tested, independently. This is to ensure correct operation of the sensor to avoid
further problems in the future.

The next section will further describe all the three circuits involved.
3.2.1 Microcontroller Circuit

The microcontroller circuit is by heart the most important component of the maze
mouse. Basically, the microcontroller coordinates the task of position monitoring,
movement, maze navigation and solution evaluation of the mouse. The circuit

construction is carried out first before the microcontroller is programmed.
3.2.2 Motor Driver Circuit

As for the motor to be used on the maze mouse, there are two options available:
stepper motor and servo motor. Stepper motors are permanent magnetic motors that
‘step’ one increment each time the computer gives its control electronics one pulse.
They do not require position feedback if run within their limits. When stopped, they
inherently hold their position.

Servo motors are standard DC or brushless motors with an encoder feedback loop.

The computer reads the position of the motor and controls the power applied to the

© motor.

Stepper motors are generally just as accurate as servos and are simpler and more
reliable and maintenance free in harsh dusty applications. The servo motor’s encoder

is susceptible to dirt and vibration that can cause problem.

15



For this maze mouse, stepper motors are chosen since they provide precise position

control but little speed, whereas DC motors are the opposite. The accurate control

can be very handy when trying to measure the position of the mouse. This is because

the stepper motors are directed to turn a set arc, not move at a set speed. [8]Table

below shows the difference in characteristics between servo motors and stepper

motors:

Can be ébﬁsideréd if coét or'

High Torque, Low Continuous duty applications
Speed complexity is not an issue. requiring high torque and
low speed.
High Torque and high | Continuous duty applications If speeds are less than 2000
speed (>2000 rpm) requiring high torque and high rpm stepper may be
speed. A DC servomotor can economical. Stepper
deliver greater continuous shaft becomes bulky at high
power at high speeds compared to . | torque.
steppers. High speed up to 12000
rpm is possible. AC servo motors
can handle higher current surges
compared to DC servos. You can
get lot stronger AC servo
compared to either DC servo or
DC stepper.
Short, Rapid Use servo if high dynamic Stepper motor will offer
Repetitive Moves requirements are needed. more economic solution
when requirements are more
modest.
Positioning Servo can handle effectively when | Use stepper motor if torque
Applications load is mostly inertia instead of is lower than 500 oz-in, less
friction. The ability to overdrive 2000 rpm, low to medium
servo motor in intermittent duty acceleration rates.
allows a smaller motor to be used.
If positioning is crifical in micron
, level use servo.
Applications in Use brushless servo motor. Use stepper motor.
Hazardous
Environments
Low Speed, High Use DC servo. Use micro stepping.
Smoothness
Control Method Closed loop. Preferred to be used in open

loop applications.

Table3 Differences between serve motors and stepper motors

16



32.3 Infra Red Sensor Circuit

The infra red sensors are used to detect the existence of boundaries in front of it, to
the left or to the right of it. Three sensors will be at the left and right side and another
two will be at the front side. The sensor circuit is tested repeatedly for its sensitivity

and reliability to prevent future problems after a full prototype is developed:

All the hardware required to realize the above circuits are listed in the appendix.

3.3 Sofiware

The software part of this project involves the programming of the microcontroller,
Random Access Memory (RAM) and Erasable Programmable Read Only Memory
(EPROM) integrated circuits (IC). These IC’s are used in the microcontroller circuit
of the maze mouse. For the 80C31 microcontroller, the programming will be done

using the assembly language.

A lot of programming languages are available for the 8x51 family. [9]Examples are
such as PLM51, C51, BASIC, PASCAL or ASSEMBLER. For generating a program
which can be executed by a microcontroller, regardless of which language to be used,
a compiler is needed. The job of a compiler is to convert a source code, written in a
high level language, into machine code. The machine code will be a format which
can be executed by a microcontroller and it is possible to be written into an EPROM.
The format needed for the 8x51 family will be the INTEL HEX code.

17



CHAPTER 4
RESULTS AND DISCUSSION

4.1 Microcontroller circuit

Shown below is the rough layout of the microcontroller circuit board of the Maze

Mouse:

Py
Port
N

Figure 6 Microcontroller board layout

The Maze Mouse uses the 80C31 Intel microcontroller which belongs to the 8051
family. At this part of the mouse lays its brain that is fully responsible for its act.

There is basic [10]difference between a microcontroller and a CPU. With a
microcontroller, the peripheral components like RAM, ROM, a serial port or an ADC
or DAC are on chip. That means it is possible to realize complex system control
functions with only one chip. For instance, we can use a microcontrolier for the
system control of a VTR or in a videotext decoder. Whatever that we intend to do

with a microcontroller only depends on the software.
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The 8051 was the first device that was available on the market. Designed by INTEL
this chip already contains two 16 bit timer/counter, a serial port and an internal
RAM. As an 87C51 the chip als.o contains the program memory on chip. The 80C31
is the ROMless version. Figure 7 shows a circuit diagram of an 80C31 with an

external program memory.

Figure 7 Circuit diagram of an 80C31 with an external program memory

Referring to the figure above, IC 1 is an 80C31. This chip contains four 8 bit ports
(PO, P1, P2, and P3). In this example we are using an e_xtemal memory. In that case
Port 0 and 2 are used as an address/data bus. Pin 31 decides if we are to use this chip
as a stand alone version or using an external program memory device, If we connect
Pin 31 to ground, the 80C31 is forced to use the external memory instead of the
internal one. EA stands for external access. In the first step, the microcontroller
writes the address to the program memory. PO contains the address low byte and P2
contains the address high byte. By using the ALE signal (Pin 30) the address low
byte will be stored in IC2. ALE stands for address latch enable. In the second step,
the microcontroller uses the PSEN signal to read the first command from the program
memory. PSEN stands for program store enable. PO reads the command and it will be

executed by the microcontroller. If the program is running, this procedure will
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happen all the time. The clock signal will be generated by the crystal Q1, the internal
circuit of the microcontroller and the capacitors C1 and C2. A typical value for the
capacitors will be 33pF. The frequency of the crystal depends on the microcontrolier
device type. A typical value will be 12 -24 MHz. The reset signal will be generated
by R1 and C3. '

4.2 Infrared Sensor

Figure below shows the fayout of the sensor circuit board:

Phot\odiode O
N ®
ORONS; O ONONG;
*. ® | il L N
/ """"""""""""""""""""" Lt
Infrared
transmittef
Input from Output to
sensor microcontroiler
system

1 2 3 4 5 6 7
. ——r
——
LEDs

Figure 8 Infrared sensor circuit board

Referring to the above figure, the LED’s will serve as the indicators to show which

sensor 1s activated.
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4,21 Maze Mouse Senso} Circuit

Figure below shows one particular infrared sensor circuit used by the maze mouse:

Figure 9 Sensor circuit of the Maze Mouse

Referring to thé circuit above, the reference voltage is at the positive input of the
comparator. The value of R6 depends on the number of sensor circuits to be
combined. The complete schematic diagram in the appendix shows that 332 resistor
is used for the combination of two circuits and 100Q resistor is used for the

combination of three circuits.

Basically, the infrared emitter produces an infrared beam which will be reflected by
obstacles in front of it. This reflected signal should be detected by the photo diode.
Upon detection, the respective LED’s should light up. In other words, detection of
infrared beam indicates the presence of obstacle and the microcontroller should react

based on this input to direct the motors’ movement.

In the Interim report I have produced last semester, the place of R7 in the circuit
actually belongs to a 3.3V zener diode. However, it was changed to obtain a different
reference voltage for the LM339 comparator. This is to improve on the sensor’s

performance,
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4.3 Motor Driver

The layout for the motor driver circuit board is as shown below:

Input from
microcontroller

Left section Output to Right section
Stepper motor

Figure 10 Motor driver circuit board layout

4.4 The Maze

The maze used in this project is a simple one. It will be built on a piece of wood
(preferably plywood). The wood will be painted with two colours; black and white.
The black paint represents walls and the white paint represents the path available.
The white paint will reflect the infrared beam emitted by the infrared transmitter, and
this reflected beam will reach the receiver. Therefore, detection of infrared beams

indicates presence of a clear path.

In order for the mouse to navigate safely along the maze, the microcontroller is to be
programmed with specific instructions based on the input from sensors. Up to this

time, the following movements are to be followed by the mouse:
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Figure 11 Movements of the mouse along the maze

Figure 12 Example of 2 maze and the projected path of the mouse
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45 Programming

To begin with the programming, we have first decided that detection of infrared
beam by the receivers will be translated to logic 1 (high) and vice versa. In other

words, high inputs from the sensors indicate existence of boundaries along the maze.

The table below shows the decision to be made by the microcontroller based on the

inputs from the sensors:

R “
Tow High T | Leficomer | TomTof
High High Low 110 Right corner | Turn Right
High Low High 101 Straight line Forward
Low Low Low 000 4 Junction Tuen Left
High High High 11 Dead End Reverse
Low Low High 001 T Left Junction | Turn Left
High Low Low 100 T Right Junction Forward
Low High Low 010 T Junction Left

Table 4 Inputs from sensors and the corresponding actions

After the mouse has performed the respective action, the microcontroller will have to
check that the mouse is moving in the forward direction. This will be done by
checking that the inputs from the sensors equal to the value of 101. The whole

operation can be described according to the following steps:

1. Inputs received from the sensors.
2. Inputs from sensors are compared with the stored bits in microcontroller

register, one by one.
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3. If input bits are equal to the stored bits, the microcontroller will make the

corresponding decision, also in bits of three.
4. The decision bits will be sent to the motors, for them to make the right

movement.
5. Microcontrofler performs checking function for forward movement.

The steps above are summarized in the following flowchart:

" Sapsiringats
el equal wl0]?

. ¥
| Micoeontroller
A

I Momse change:
diectici .

| acéorling tthe |

- logie stuctum -

Figure 13 General flowchart of the mouse’s operation

For the microcontroller program written, please refer to the appendix.
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CHAPTER 5
CONCLUSION

As presented in this report, the project work has reached the objective, which is to
develop a mouse that can find its own way out of a maze. The concept of a maze
mouse is actually the basis of a mobile robot, which usage is getting more popular
nowadays. The most important aspect is the ability of the mouse to detect obstacles

awaiting it and to translate this information to determine its movement.

By integrating the microcontroller, the infra-red semsor and the motor driver
components, we finally obtain a complete prototype of a maze mouse. The overall
operation of the mouse is governed by a simple program written into the 80C31
microcontroller, together with the other supporting memory IC’s. This particular
program is the one responsible in translating the input coming from the sensors to the
output, which is the motqr movement. Lastly, for the mouse to be succeed in its
operation, all its independént parts must first confirmed to be reliable and performing

correctly as per requirement.
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APPENDIX A

Project Gantt Chart
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APPENDIX B

List of hardware used
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List of hardware required for the Maze Mouse project:

[  DESCRIPTION -

7805 Voltage regulator
4050 Buffer

ULN2803 ' Stepper motor driver
80C31 Microcontroller
7418373 Latch

74LS00 NAND gate

2732A _ RAM

6116A EPROM

EM339 Amplifier

Al i A Gl

2 | Capacitor:;
1. 100 uF Electrolytic
2. 4.7yF Electrolytic
3. 0.1pF

4. 30pF

3 | Resistor:

1. 4.7kQ
2. 10kQ

3. 560Q

4. Variable resistor 10 k&)

4 | Diode:

IN4001

Photo diode
1.ED

3.3V zener diode

AN

1. 12MHz crystal oscillator
2. 5V stepper motor

3. 8-pin header

4, Switck DIP4

5. Push button switch

6. Infrared sensor

7. IC socket

8. Solder iron & soldér lead
9. Vero board

10. Wire

11. Wire culter

12. Rainbow wire
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Data sheets
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© INTEGRATED CIRCUITS |

DATA SHIEET

80C51/87C51/80C31

80C51 8-bit microcontrolier family

4K/128 OTP/ROM/ROMIless low voltage (2.7V-5.5V),
low power, high speed (33 MHz)

Product specification 1999 Apr 01
Supersedes data of 1998 Oct 14
IC20 Data Handbook '

Philips
Semiconductors

PHILIPS




Philips Semiconductors Product specification
80C51 8-bit microcontroller family

4K/128 OTP/ROM/ROMIsss, low voltage (2.7V-5. sw, 80C51/87C51/80C31

low ﬁweri hlﬂh Sﬁed ’33 MHzI :

DESCRIPTION

The Philips 8XC51/31 is a high-performance static 80C51 design
fabricated with Philips high-density CMOS technology with operation
from 2.7V to 5:5V.

The 8XC51/31 contains a 4k x 8 ROM, a 128 x 8 RAM, 32 Y/O lines,
three 16-bit counter/imers, a six-source, four-priorty level nested
interrupt structure, a serial I/0 port for either multi-processor
cornmunications, YO expansion or fult duplex UART, and on-chip
oscillator and clock circuits.

In addition, the device is a low power static design which offers a
wide range of operating frequencies down to zero, Two software
selectable modes of power reduction—idle mode and power-down
mode are available. The idle mode freezes the CPU while allowing
the RAM, timers, seriat port, and interrupt system to continue
functioning. The power-down mode saves the RAM contents but
freezas the asclliator, causing all other chip functions to be
inoperative. Since the design is static, the clock can be stopped
without loss of user data and then the execution resumed from the
point the clock was stopped.

SELECTION TABLE

For applications reguiring more ROM and RAM,

see the 8XC52/54/58/80C32, 8XC51FA/FBIFC/BOCS1FA,
and BXC51RA+/RB+/RC+B0C51RA+ data sheet.

ROM/EPROM | RAM Size | Programmable | Hardware
Memory Size (X by 8) Timer Counter | Watch Dog
{X by 8) (PCA) Timer
80C31/8XC51
OK/4K R No | no
80C3218XC52/54/58
owsKiekiaK | 258 | No | No
80CS1FAIBXCS1FAIFBIFC
oksKrekEak [ 266 | Yes | No
80C51RA+BXCSTRAHREHRC+
okmkiekmak | 512 | Yes | ves
8XC51RD+
64K T o102a0 | ves [ ves

1998 Apr 01

FEATURES
® 2051 Cenfral Processing Unit
— 4k x 8 ROM (80C51)
- 128 x B RAM
— Three 16-bit counterfimers
— Full duptex serial channel
- Boolean processor
— Full static operation
— Low voitage (2.7V to 5.5V@ 16MHz) operation

® Memory addressing capabllity
~ B84k ROM and 64k RAM

& Power contro! modes:
~ Clock can be stopped and resumed
- Idle mode
- Power-down mode

® CMOS and TTL compatible

® Three speed ranges at Ve = 5V
- Dto16MHz
— Oto 33MHz -

® Three package slyles

® Extended tempéraMre ranges
® Dual Data Pointers

® Second DPTR jregister

® Security bits:

- ROM (2 bits)
— OTP/EPROM (3 bits)

® Encryption arraiy—64 bytes
® 4 lavel priority iinterrupt

& § interrupt sourices

® Four 8-bit /O ports

® Fullduplex enflanced UART
- Framing error detection
~ Automatic-address recognition

L] Programmableédock_out

® Asynchronous port reset

© Low EMI (inhibit ALE)

® \Wake-up from Power Down by an external interrupt (8XC51)

853-0169 21143



Philips Semiconductors

Product specification

80C51 8-bit microcontroller family

4K/128 OTP/ROM/ROMIess, fow voltage (2.7V-5.5V), 80C51/87C51/80C31
low power, high speed (33 MHz)
80C51/87C51 AND 80C31 ORDERING INFORMATION
MEMORY SIZE ROMiess TEMPERATURE RANGE °C VOLTAGE | FREG. DWG.
K x 8 AND PACKAGE RANGE {MHz) #
ROM | PBOCS1SBPN
PBOC31SBPN 0 to +70, Phastic Dual in-ine Package 27Vto55Y | 0to16 | SOT129-1
OTP | P87C513BPN :
ROM { PEOCS1SBAA
PBOC31SBAA 0 to +70, Plastic Leaded Chip Carrier 27Vt055v | Dio16 | SOT187-2
OTP | P87C51SBAA
ROM | PBOC51SBBB
P80C31S8BB 0 to +70, Plastic Quad Flat Pack 27V055V | D16 | SOT307-2
OTP | P87C51SBBB
ROM | PBOCS1SFPN '
PBOC315FPN —40 to +85, Plastic Dual In-line Package 27V 55V | Oto16 | SOT129-1
OTP | PBYCS1SFPN
ROM [ PBOCS1SFAA : '
PBOC31SFAA —40 to +85, Plastic Leaded Chip Carsier 27Vto55v | Oto16 | SOT187-2
OTP | PB7C51SFAA
ROM | PBOC51SFBB
. PROC31SFBE —40 to +85, Plastic Quad Flat Pack 27Vt 55V | 0te16 | SOT307-2
OTP .| PB7C51SFBR _
ROM ‘| PROCS1UBAA ' ' '
PBGC31UBAA 0 to +70, Plastic Leaded Chip Carier 5v {to 33 | SOT187-2
OTP | PB7C51UBAA '
ROM | PROC51UBPN - :
PBOC31UBPN 0 to +70, Plastic Dual In-line Package BV 0to33 | SOT128-1
OTP | PB7C51UBPN : .
ROM | PBOC51UBBB n
P8OC31UBBB 0 to +70, Plastic Quad Flat Pack 5V 0to 33 | SOT307-2
OTP | PB7C51UBBB R :
ROM | PBOCS1UFAA o ﬁ
PBOC31UFAA ~40 to +85, Plastic Leaded Chip Carrier 5V Dto33 | SOT187-2
OTP | PBTC51UFAA o ;
ROM | PBOCS1UFPN B : :
P8OC31UFPN —40) to +85, Plastic Dual In-line Package 5V 01033 | 80T129-1
OTP | PB7C51UFPN . _ ;
ROM | PBOCS51UFBB - :
. PBOC31UFBEB —40 to +85, Plastic Quad Flat Pack 5V 0tc33 | SOT307-2
OTP 1 PSTCS1UFBB :
80C51/87C51 AND 80C31 ORDERING INFORMATION _
DEVICE NUMBER (PB7C51) OPERATING FREQUENCY, MAX (S} | TEMPERATURE RANGE (B} PACKAGE (AA)
P80CS1 ROM S=16 Mtz B =0° to +70°C AA=PLCC
PB7CS51 OTP U = 33 MHz F =—40°C to +85°C BB = PQFP
PB0C31 ROMIess ' PN = PDIP

1899 Apr 01




Phitips Semiconductors Product specification

80C51 8-bit microcontroller family _
4K/128 OTP/ROM/ROMIess, low voltage (2.7V—-5.5V), - 80C51/87C51/80C31
low power, high speed (33 MHz)

BLOCK DIAGRAM

PO.O-PY.7 P20-P2T

'Y A
. — T :

1 PORT 0 PORT2
| DRIVERS DRIVERS
veo) T F it
Vss &
RAMADDR|— ] PORTO PORT 2
o REGISTER ——] FAM LATCH LATCH ROMEPROM

Il J g g J

U . ﬁ [ T ,8
B ACE STACK
REGISTER POINTER
u 2 PDDRES
Al S [Ny
TMP2 TMP1 REGISTER

\/
BUFFER
|_|:> ALY CH K]

‘J‘L SFRs

PG
PSW | TIMERS mere. Ko
: MENTER
T 1la I
AR
PRl z
[+
ALEPRO v |5 B A A4 L) DPTRS Lo
EAVer L, o g 2} - v'| MULTIPLE
E
RSTJI-' 2 & @ ﬁ L
f PD FORT 1 PORT 3
LATCH LATEH
|
{ OSCULATOR ﬁ : @
[ PORT1 T
1 DRIVERS = DRNERS
£ XTALY | XTALZ HI" I H H N
| P1.0-P17 P3.0-P37

- SUo0845

1999 Apr 01 4



Philips Semiconductors Product specification

80C51 8-bit microcontroller family
4K/128 OTP/ROM/ROMIess, low voltage (2.7V-5.5V},

80C51/87C51/80C31
low power, high speed (33 MHz) :

LOGIC SYMBOL PLASTIC LEADED CHIP CARRIER PIN FUNCTIONS
Vgi Vss & 1 a0
XTALY -] [5}
H N -—» <« 7 ]38
-—p >
_L EI . ADDRESS AND
T <« E«—»| DATABUS Lo
- L
b/ S -«
L xoae «—» >
= P e T2 7 ] 20
pillg —— T2EX
RST —» L |
EAVop ) | e 18 28
PSEN -8
- e Pin  Function Pin  Function Pin  Functlon
w  ALEPROGa—» il 1 NIC* 16 P34M0 31 P27/AIS
g rRo—> =y |5 2 PibT2 7 P3ETY 32 PEER
5l Toe— « > 3 PLUTZEX 18 P3GWR 33 ALE
Z(TNT0 —» | —» | o 4 P12 19 PATRD 34 N
g e « sl ET EAV
IR —» 4 | —»\_ E 5 P13 20 XTAL2 35 'op
% 10— E1—m » O *|— ADDRESS BUS 8 P14 21 XTALY 36 PO.7/AD?
g a2 e T 7 P15 23 Vs 37  POSIADS
—»
Z| WRe— ™ > — 8 P8 23 NICr 38 POS/ADS
al Ria— L= ») g PiT 24 PZOAB 39 FOAAD4
G 10 RST %5 P21IAY 4 PO.3IADS
SuUso830 1M PAORMD 26 P2YAID 41 PO.2ADZ
12 NiC* 27 P23AN 42 PO.VADM
13 P3.A/TAD 28 P4IA12 43 PO.O/ADD
14 P3.2/INTO 29  P2EA13 44 Vgo
15 PRAANTT 30 P26ATA
PIN CONFIGURATIONS * NO INTERNAL CONNECTION SUG102
—\
T2P1.0[1 40| Voo
, E ) PLASTIC QUAD FLAT PACK
2EX0P1.1[ 2 |
H 3] PooiACo PIN FUNCTIONS
P12[3] 38] Po.124D1
pia[4] 37] Po.2iaD2
P14[5] 36) Po.3/AD3
P15[8] [38] Po.4iaD4
P1.6E :a‘g] PO SIADS
p17[3] 33] Po.6iADS
RST E 32} Pa.miaD?
RxDF3.0{10] puaL  |31] EAN
D IN-LINE :| Fe
Txnfps.1[1__1 PACKAGE E’ ALE 12 22
NTO: PSER Fin Function PFln  Function Pin  Fynction
IPS‘ZF—E E_E] 1 P15 18 Veg 31 POG/ADE
§_§,p2.7w5 z P18 17 NICT 37 PDSADS
3 PIY 18 P2OIA8 33 PLAADL
27] P2.aiata 4 RST 18 P2img 34 POADI
5  P3I.0RXD 20 PR2AID 35  PO.2/AD2
26 P2siat3 5 Nict 21 P23AN 36 PDUADE
7 PAUTD .22 PR4IA12 37 PO.OADD
EPZ""’MZ 8  P3I2/NTO 23 P2EAM3 3} Voo
Ejpz.smﬂ §  PIIMTT 24 P26IAI4 3 NIC
10 P34TO 25 F2.7A15 40 Prom2
@Pz.zmo 11 P3EM 26 ° PEEN 41 P1LUTZEX
12 PISWIR 27 ALE 42 P12
E_E‘PZ”AQ 13 P3TRO 28 NIC* 43 Pid
E P2.0/AB 14 XTALZ 29 EANpp 44 Pid
15 XTAL1 30  PO.7/ADT
SUptoes * MO IMTERMAL CONNECTICM SUB1OSt

1999 Apr 01




Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPN Darlington connected fransistors in this family of arrays
are ideally suited for interfacing between low logic ieve! digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
retuirements of lamps, relays, printer hammers or other simifar loads for a
broad range of computer, industrial, and consumer applications. All devices
feature open—collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2803 is designed to be compatible with standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

MAXIMUM RATINGS (Tp = 25°C and rating apply to any one device in the
package, unless otherwise noted.)

Order this document by ULN2803/D

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit

Output Voltage Vo 50 v

Input Voltage (Except ULN2801) Vi 30 v A SUFFIX

Collector Gurrent — Continuous Ic 500 mA PLASJ,:\%EP%{%:-,-KA GE

Base Current — Continuous IB 25 mA

Operating Ambient Ternperature Range Ta 0to+70 °C

Storage Temperature Range Tstg ~55to +150 °C

Junction Temperature Ty 125 °C PIN CONNECTIONS
Rpja = 55°Cw
Do not exceed maximwmn current limit per driver, U

ORDERING INFORMATION

Characteristics
Operating
_ Input Temperature
Device Compatibility VeE(Max)/ig(Max) Range

ULNZ803A | TTL, 5.0 VCMOS
ULNZ2B04A | 6to 15V CMOS, PMOS

50 V/500 mA Ta=0to+70°C

(=]

Y
£

Y
*
EIREI S S e R

Gnd

[l 51 (5 5 B E EFE
Y
¥

i

@ Motorola, Inc. 1996 Rev 1



ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (T4 = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Leakage Current (Figure 1) ICEX A
Vo =50V, T =+70°C) All Types - - 100
Vo =50V, T = +25°C) All Types - - 50
(Vo =50V, Tp =+70°C, V| =6.0 V) ULN2802 - - 500
(Vo =50V, Ta =+70°C, V|=1.0V) ULN2804 - - 500
Collector—Emitter Saturation Voltage (Figure 2) VCE(sat) v
(fc = 350 mA, Ig = 500 DA) All Types - 1.1 16
{Ic = 200 mA, Ig = 350 [A) All Types - 0.85 13
{ic = 100 mA, Ig = 250 [A) Al Types - 0.85 1.1
input Current — On Condition (Figure 4) _ lion) mA
V| =17V) ULN2802 - 082 125
(V}=3.85V) ULN2803 - 093 1.35
(Vi=5.0V) ULN2804 - 0.35 0.5
(Vj=12V) ULN2804 - 1.0 145
Input Voltage — On Cendition (Figure 5} Vi{on) A
(VCE= 2.0V, Ic=300mA) ULN2802 - - 13
(Vce=2.0V, Ic =200 mA} ULN2803 - - 24
(Vg =2.0V, I =250 mA) ULN2803 - - 2.7
(Ve = 2.0V,1c =300 mA) ULN28G3 - -~ 3.0
(Ve =2.0V, g = 125 mA} ULN2804 - - 5.0
(VCE = 2.0 V, i = 200 mA) ULN2804 - - 6.0
{VCE=2.0V, I =275 mA) ULN2804 - - 7.0
(Ve =2.0V, Ic =350 mA) ULN2804 - - 8.0
input Cumrent — Off Condition (Figure 3} All Types Hi(off) 50 100 - oA
{Ic =500 [A, Ta = +70°C)
DC Current Gain (Figure 2) ULN2801 hrg 1000 - - -
(Veg=2.0V, Ic =350 mA)
Input Capacitance G - 15 25 pF
Tum-On Delay Time ton - 025 1.0 s
(50% E| to 50% Eg)
Tum=Off Delay Time toff - 0.25 1.0 n
(50% E) to 50% Eqy)
Clamp Diode Leakage Current (Figure 6) Ta = +25°C IR - - 50 DA
(VR =50 V) Ta =+70°C 100
Ciamp Diode Forward Voitage (Figure 7) VE - 15 20 v
{iF = 350 mA)

2 MOTOROLA ANALOG IC DEVICE DATA
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LM2901,LM339/LM339A,LM3302
LM239/LM239A

Quad Comparator

Features

»

« ® ® e & = 2 e

Singie or Dual Supply Cperation

Wide Range of Supply Voltage

LM2901 LM339/LM339A LM239/LM239A: 2 ~ 36V
{or +1 ~+18V)

LM3302: 2 ~ 28V {or =1 ~+14V)

Low Supply Current Drain 800)1A Typ.

Cpen Collector Quiputs for Wired and Connectors
Low Input Bias Current 25nA Typ.

Low Input Offset Current £2 3nA Typ.

Low Input Offset Voltage £1.4mV Typ.

Input Common Mode Voltage Range Includes Ground.

Low Output Saturation Voltage
Cutput Compatible With TTL, DTL and MOS Logic
System

Internal Block Diagram

Description

The LM2901, LM339%/LM339A LM239/LM239A, LM3302
consist of four independent voltage comparators designed
to operaic from single power supply over a wide voltage

range.

14-DIP
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LM2901,LM339/LM339A,LM3302 LM239/LMZ39A

Schematic Diagram

Vcco

OOUTPUT

é R2
ING) & Qs
Q7
Q5 ] Q1:3 ]
SR
GND G & ¥ +—o

Absolute Maximum Ratings

D5

Parameter Symbol Vailue Unit
Supply Voltage Vee +18 or 36 v
Supply Voltage only LM3302 Ve 114 or 28 v
Differential Input Voltage Vi{DIFF) 36 Vv

-1 Differential Input Voltage Only LM3302 VI(DIFF) 28 v
Input Voltage Vi -0.3t0 +36 v
Input Voltage Only LM3302 Vi 0.310+28 v
Qutput Short Circuit to GND - Continuocus -
Power Dissipation PD 570 mw
Operating Temperature
LM339/LM339A TOPR 0~+70 ¢
LM2901/.M3302 -40 ~ +85
LM239/LM238A -25 ~ +85
Storage Temperature TsTG -65 ~ +150 °C
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DM74LS373/DM74LS374

Edge-Triggered Flip-Flops

General Description

These B-bit registers feature fotem-pole 3-STATE outputs
designed specifically for driving highly-capacilive ar rela-
tively low-impedance loads. The high-impedance state and
increased high-logic level drive provide these registers with
the capability of being connecled direttly to and driving the
bus lines in a bus-organized system without need for inter-
face or pul-up componentis. They are paricularly atiractive
for.implementing buffer registers, I/C ports, bidirectional bus
drivers, and working registers.

The eight latches of the DPM54/74LS373 are transparent
D-type latches meaning that while the enable (G} is high the
Q outputs will follow the data (D) inputs. When the enable is
iaken low the output will be laiched at the level of the data
that was set up.

The eight flip-flops of the DM54/74L8374 are edge-triggered
D-type flip flops. On the posifive transition of the clock, the Q
oulputs will be set fo the logic slates that were set up at the
D inputs.

March 1998

3-STATE Octal D-Type Transparent Latches and

Abuffered output control inpid can be used to place the eight
outputs in sither a normal fogic state (high or low logic levels)
or a high-impedance siate. in the high-impedance siate the
outputs nefther load nor drive the bus lines significantly.

The oulput control does not affect the intemal operation of
the tatches or flip-flops. That is, the old data can he retained
or new daia can be enlered even while the outpuis are cff.

Features

N Choice of 8 latehes or 8 D-type flip-flops in a single
package

m 3-STATE bus-driving cuipuis

a Full paraliel-access for [oading

8 Buffered control inputs

u P-N-P inpuls reduce D-C loading on data lines

Connection Diagrams

Dual-In-Line Packages

L8373
ENABLE
Voo B8 8 T 7@ 63 s O s G
izo b w lﬂ' lts T U T 1
] L [ ] s
e %% e T 1
5 L L I
@ o D o e 0 ]
oe 8 'FGOE [-oeGﬂJ.FGOE
1 ] 1 |
T M el | il | -
|1 |z [s 4 ]5 Is ]7 |a [a ]10
QUTPUT 1@ 1 20 20 30 3 4D 40 OND
CONTROL
) D006 -1

Order Number DM54LS373J, DMS4LSIT3W, DM74LS373N or DMTALS3T3WM
See Package Number J20A, M20B, N20A or W20A

@ 1998 Faichid Semicondyetor Corporation DS00B431
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Connection Diagrams (continued)

'LS3T4
Voo 80 & T ra 60
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CONTROL
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Order Number DM54LS374J, DMS4L.S374W, DM74L5374WM aor DM74LS3I74N
See Package Number J20A, M20B, N20A or W20A

Function Tables

DM54/74LS373
Qutput Enable D Output
Cantrol G
L H H H
L H L L
L L X Q
H X X z

H = High Level (Steady State), L= Low Leve! (Steady State}, X = Don't Care
T = Transttion from low-to-high tevel, Z = High Impedance Stata
Qg = Tha level of the cutput before steady-state input conditians were estab-

lished.
DM54/74LS374
Output Clock ] Output
Control
L T H H
L T L L
L L X Q,
H X X Z

veww fairchlidseml.com 2
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DM74LS00
Quad 2-input NAND Gates

General Description

This device contains four independent gates each of which
performs the logic NAND funchion.

Features

® Allernate Military/Aerospace device (541800} is
avallable. Contact a Fairchild Semiconductor Sales
Office/Distributor for specifications.

“Connection Diagram

Dual-in-Line Package
Veo 2 aa Y4 82 a3

-,
o

" 13 |12 Ill 10 4

—
@

1 2 3 Iq 5 3 T
At B \!1 a1 ] ¥2 GRO
. DS064435-1
Ordor Number 54LSC0DMAQB, 54LSH0FMQR, S4LS00L.MQB, DM54L500J, DM54LS00W, DM74L.S00M or DM74LS00N
See Package Number E20A, J14A, M14A, N14A or W14B

' Function Table
Y=AB
Inputs Qutput
A B Y
L L H
L H H
+ i H
H H L

H = High Legie Laval
L = Low Logic Level

@ 1498 Farchid Semiconductor Corporation 75006439 www falrchiidsemi.com
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Absolute Maximum Ratings mote 1)

DMSALS and 5415

-85°C to +125°C

Supply Vollage DM74LS 0'C to +70°C

Input Vollage v Starage Temperalure Range -65°C to +150°C

Operating Free Air Temperature Range

Recommended Operating Conditions

Symbol Parameter DM54LS00 DM74LS00 Unlts

Min Nom Max Min Nom Max

Vee Suppiy Voliage 45 5 55 475 5 5.25 v
Vi High Level Input Voliage 2 2 v
Vi Low Levet input Voltage 07 0.8 \i
[ High Level Output Cument -0.4 -0.4 mA
forL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature -55 125 0 70 'C

limits. The paramalric values defined in the “Eiecirical G
Condilions” table wili define 1ha condlions for actual device operation.

Electrical Characteristics

over recommended operating free air temperature range {unless otherwise noled)

* table are nef gi

Note 1:  The ‘Absolute Maximunt Ratings” are thuse values bayonid which the safety of the device cannot bo guararieed. The device should not bs opersted 2t these
o &t 1he absolita maximum mlings, The “Recommended Operating

Note 3: Nat more than ane output should be shorted at a time, and the duration shoukd not axcesd e sacond.

Symbol Parameter Conditions Min Typ Max Units
{Nate 2)
v Input Clamp Voltage Ve = Min, | = ~18 mA -1.5 Vv
Von High Level Output Ve = Min, 1oy = Max, DM54 25 34 v
Voltage V,_ = Max DM74 27 34
Var Low Level Cuiput Voo = Min, Ig, = Max, DM54 0.25 4
Voltage Vin = Min DM74 0.35 0.5 v
lo. = 4 mA, Vo = Min DM74 0.25 0.4
k nput Current @ Max Ve = Max, V, = 7V 0.1 mA
Input Voltage
[ High Level input Currert Voo = Max, V = 27V 20 pA
' Low Leve! input Current Voo = Max, V) = 0.4V -0.36 mA
los Short Circuit Ve = Max DM5S4 =20 100 mA
Qutput Current {Note 3) DM74 -20 =100
loen - Supply Current with Vee = Max 0.8 16 mA
Quipuis High
leot Supply Current with Vee © Max 24 44 mA
Cutputs Low
Switching Characteristics
atVec =W and T, = 25'C
R, = 2k
Symbol Parameter C.=15pF Cy = 50 pF Units
Min Max Min Max
tom Propagation Delay Time -3 10 4 15 ns
Low to High Leval Output
[ Propagation Defay Time 3 10 4 15 ns
High {o Low Level Output
Mote 2: All typicals are at Vioe = 5V, T4 = 25°C.

wnw.fairchildsemi.com
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CD4049UBC - CD4050BC

Hex Inverting Buffer «
Hex Non-inverting Buffer

General Description

The CD4048UBC and CD4050BC hex buffers are mono-
lithic complementary MOS {CMOB) integrated circuits con-
siructed with N- and P-channel enhancement mode
transisiors. These devices feature logic level conversion
using only one supply voltage (Vpp). The input signai high
tevel {V¥yy) can exceed the Vi supply voltage when these
devices are used for logic level conversions. These
devices are intended for use as hex buffers, CMOS fo DTL/
TTL converters, or as CMOS current drivers, and at Vpp =
5.0V, they can drive directly two DTL/TTL loads over the
full operating temperature range.

October 1987
Revised April 2002

Features

W Wide supply voitage range: 3.0V to 15V

W Direct drive to 2 TTL loads at 5.0V over full temperature
range

& High sowrce and sink current capability

W Special input profection permiis input voltages greater
than Vgp

Applications

+ CMOS hex inverter/buffer

» CMOS to DTL/TTL hex converter

+ CMOS current “sink™ or “source” driver

« CMOS HIGH-io-LOW logic leve! converler

Ordering Code:

Order Number |Package Number Package Description
GD4048UBCM M1BA 16-Lead Stall Ouline Integrated Circuit (SOIC), JEDEG MS-012, 0.150" Namow
CD4049UBCN N18E 18-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4050BCM M1BA 16-Lead Small Outline Infegrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4050BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC M5-001, 0.300" Wide

Devices aiso avallable in Tape and Resl. Specify by appending the auffix letter °X” 1o tha ordering code.

Connection Diagrams

Pin Assignments for DIP
CD4049UBC
NC L=F F NG K=E E P ]
Ius Iui 1 13 12 1t Im )
| 1 | H ] 2 B ] 1 ]
vop G«A A H=E [} 1=t c Y5
Top View

CD4050BC
NG L-F F NE K=E =0
! ||s !u il In |1z U ln ]
l 1 Iz ] ) 3 i 7 1
wgp GeA A H=8 1=t [ Vg
Top View

© 2002 Fairchild Semiconductor Corporation

Ps005971
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CD4049UBC - CD4050BC

Schematic Diagrams

CD4MMSUBC
1 of 6 identical Units

Voo

Ipuy 3—_ SUTPUT

BY =~ 3V

CD4050BC
1 of & identical Units
Yoo

INPUT

QUTPRY

BY = 30V

www fairchildsemi.com 2




Absolute Maximum Ratingsote 1)

{Note 2)

Supply Voltage (Vpn)
Input Voliage (Vyy)

Voltage at Any Cutput Pin (Vgy1}
Storage Temperature Range (Tg)

Power Dissipation (Pp)
DuakinLine
Small Qutline

Lead Temperature (T))
(Soldering, 10 seconds)

-0.5V to +18V
-0.5V to +18Y
~0.5V to Vppy + 0.5V
-B5°C te +150°C

700 mwW
500 mW

260°C

DC Electrical Characteristics (Note3)

Recommended Operating
Conditions (o2

Supply Voltage (Vpp) Wio 15V
Input Voliage (Vi) OVio 15V
Voltage at Any Output Pin (Voyr) 010 Vpp
Qperating Temperature Range (T)

CD4648UBC, CD4050BC -55°C to +126°C

Note 1: “Absclute Maxirum Ratings® are those values beyond witich the
safaty of the device cannot be guaranteed; they are not meant to fmply that
ihe devices should be operated at these fimiis. The tabke of “Recom-
mended Operating Condilons” and “Electrical Characteristics® provides
gonditiens for actial devios operation.

Note 2: Vgg = OV unless otherwise specified.

] -55°C +25°C +125°C
Symbol Paramater Conditions Units
Min | Max | Min | Typ | Max | Min | Max
lop Quiescent Device Current Vpp =5V 1.0 o 1.0 30
Vpp = 10V 20 0.1 20 &0 ph
Vpp = 15V 40 0.03 | 40 120
VoL LOW Leve! Cutput Veltage Vi = Voo Vo= 0V,
ftol < 1 uA
Vpg =6V 0.05 0 0.05 Q.05
Vpp =10V 0.08 ] 0.05 .05 W
Vpp= 16V 0.05 0 0.os 0.05
Vou HI3H Level Quiput Veltage Vi =Vpp. VL= 0OV, !
llof< 1A
Vpp = 5v 4.95 495 | 5 4.95
Vpp = 10V 8.95 985 | 10 895 v
Vpp=15V 14,98 1498 | 15 14.85
Vi LOW Level Input Voltage llgh <1 ph
' (CDAOS0BG Only} Vpp =5V, Vg = 08V 15 225 | 15 15
Vo =10V, V=1V ig 45 | 30 30 v
Vop =15V, Vo=15V 44 875 | 40 40
Vi LOW Level Input Voltage Nal< 1A
. {CD4048UBC Cnly) Vpp =5V, Vg =45V 10 1.5 1.0 1.0
Vo =10V, Vg=9V 28 25 | 20 20 v
Vpp = 15V, Vp =13.5V 3.0 35 | 30 e
Vi HIGH Level Input Volttage ol < 1 pA
(CD4050BC Only) Vgp =5V, Vg=45Y 35 35 | 275 a5
Vpp= 10V, Vg =8V 7.0 70 | 55 7.0 v
Vpp =15V, V5 =13.5V 1.0 110 | 825 1.0
Vi HIGH Leve! input Voltage figh< 1 pA :
: (GDA049UBC Only} Vpp =5V, Vg = 0.5V 40 490 | 35 4.0
Vpp= 10V, Vo =1¥ 8.0 g0 | vs a0 v
Vpp = 15V, Vo= 1.5V 120 120 | 1.5 120
lor LOW Level Qutput Current Vi =Vpp, Vi =0V :
' {Note 4) Vpo = 5V, Vo =04V 56 46. | 5 az
Vpg = 10V, Vo =0.5V 12 94, ] 12 6.8 mA
Vpp = 15Y, Vg = 1.5V 35 29 | 40 20
Ton HIGH Level Output Curent Vi = Yoo, vy = 0¥ ‘
(Mote 4) Vpp = 5V, V= 4.6V -1.3 -1.1 | =18 -072
Vps = 10V, Vg = 8.5V 26 22 | -38 -15 mA
Vpp = 15V, Vg=13.5V -8.0 72| 12 -5
I Input Currant Vpp= 15V, Vi = 0V 0.4 16| 01 1.0
Vpp = 16V, Vjy= 15V 0.1 105} 01 1.0 nA

Mote 3: Vgg = 0V unless otherwise specified,

www. fairchildsemi.com
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CD4049UBC - CD4050BC

DC Electrical Characteristics (continued)

exceed this value for extended perods of tine. i, and lgy are tested one output at a time.

AC Electrical Characteristics (vote 5

Hote 4: These are peak output current capabiities. Continious cutput curant is rated at 12 mA maximum. The output current shoukd not be aliowed to

CD4048UBC
Ta=25C, C_=50pF, R =200k, t.= ty= 20 ns, unless otherwise specified
Symbol Paremeter ' Condftions Min Typ Max Units
fpHL Propagation Delay Time Vpp =5V 30 85
HIGH 10-LOW Level Vpp =10V 20 40 ns
Vap =15V 15 30
[ Prapagation Delay Time Vpp =58V 45 85
LOW-t0-HIGH Leve! Vgp= 10V 25 45 ns
Vpp = 15V 20 35
tm Transition Time Vpp =5V 30 60
H!GH-to-LOW Leval Vi = 10V 20 40 ns
Vpp = 15V 15 3¢
[ Transitlon Time Vpp =5V €0 120
LOW-Ho-HIGH Level Vgp =10V 30 55 ns
Vpp = 16¢ o] 45
Cin Input Capacitance Any inplat 15 228 pF
HNote 5: AGT are g 6 by DC comelated tesfing.
AC Electrical Characteristics (o)
CD4050BG
Ta =25, G =50 pF, R = 200k, I, = ;= 20 ns, unless otherwise speacified
| Symbol [Parameter Condifions Min Typ Max Units
THpne Prapagaticn Delay Time Vpg =5V 60 110
! HIGH-to-LOW Leval Vpp = 10V 25 55 ns
Vpp = 15V biH 30
fton Propagation Delay Time Voo = 8V 60 120
LOW-to-HIGH Level Vpp = 10V 30 55 ns
: Vg = 15V 25 45
LT Transition Time Voo =5V 30 60
HIGH-10-LOW Level Vop =10V 20 40 ns
Vpp = 15V 15 30
tan Transition Tme Voo =5V 60 120
LOW-o-HIGH Eeve! Vpo.= 10V 30 55 ns
i Vpp= 15V 25 45
FCin Input Capacitanoe Any input 5 75 pF

Note 6: AC Parameters are quaranteed by DC comelated testing.

www.fairchildsemi.com 4




CMOS Static RAM
16K (2K x 8-Bit)

IDT6116SA
IDT6116LA

Features
*

High-speed access and chip select times
—  Military: 20/25/35/45/55/70/90/120/150ns (max.)
— Inclystrial: 20/25/35/45ns (max.)
- Commercial: 15/20/25/35/45ns {max.)

* Low-power consumption

¢ Battery backup operation
- 2V dala retention voltage (LA version only)

* Produced with advanced CMOS high-performance
technology

* CMOS process virtually eliminates alpha particle soft-error
rales

¢ Input and output directiy TTL-compatible

¢ Static operation: no clocks or refresh required

¢ Available in ceramic and plastic 24-pin DIP, 24-pin Thin Dip,
24-pin SOIC and 24-pin $0J

¢ Military product compliant to MIL-STD-833, Class B

Description

The IDT6T16SA/LA is & 16,384-bit high-speed static RAM
organized as 2K x 8. it is fabricated using IDT's high-performance,
high-reliability CMOStechnology.

Accesstimes asfast as 15ns are available. The circuitalso offers a
reduced power standby mode. When CS goes HIGH, the circuit wil
automatically go to, and remain in, a standby power mode, as long
as CS remains HIGH. This capahility provides significant system level
power and coofing savings. The low-power (LA) version also offers a
battery backup data retention capability where the circuit typically
consumes only THWto 4pW operating off a 2V battery.

Alinpiuisandoutpitsofthe IDT6116SAAL A are TTL-compatible. Fully
static asynchronous circuitry is used, requiring no clocks or refreshing
foroperation.

The IDT61165A/LAs packagedin 24-pin 600 and 300 mil plastic or
ceramic DIP, 24-fead gull-wing SOIC, and 24-fead J-bend SOJ providing
high board-level packingdensities.

Military grade product is manufactured in compliance to the latest
version of MIL-STD-883, Class B, making it ideally suited to military
temperature applicationsdemandingthe highest level of pefformance and
reliability.

Functional Block Diagram

Ao ——Q:
. [ ] p—— V/CC
ADDRESS o 128 X 128
. MEMORY ——
. DECODER . ARRAY GND
A1 —% 1
— ‘
o 1—E !
H /O CONTROL
. . INPUT
* . DATA sse
. o CIRCUIT
HO7 t :
y
CS - -
OE CONTROL
WE CIRCUIT e
FEBRUARY 2001

©2000 Integrated Device Technology, Iac.

DSC-3089/03



IDTE1165ALA

CMOS Static RAM ZK {16K x §-Bit) _ Military, Commercial, and Industrial Temperature Ranges
Pin Configurations = -~ Capacitance (Ta=+25°C, = 1.0 MHz)
' o Symbol | . Parameter™ | Conditions | Max | Unit
AT ] 1 ~7 24 [Jvee _ -
As 2 23 A8 | Cw _ }input Capacitance V=0V ] 8- 1 pF
As [} 3 22 O Ag ; _
P24.2 Lo 1Cro HO Capacitance Vour=0V . 8 F
ACl4 57 21 DWE . - s
A3 i 5 D24-2 20 D OE NOTE: e o3
A2 C]g D24-14 19-LJ Ao _ 1. This parameter is determined by device characterization, but is Ret production
At 7 sO242 182 CS tested.
A0 g 5024-4 17 |3 V07
00 [Jg 16 I /08
01 ] 10 15 [ 105
1102 1 14 14 [ 1O4
GND 12 3 = -
- 138 Vo Absolute Maximum Ratings(!)
308¢ drw 02
. : Symbol Rating Com'l. il Unit
DIP/SOIC/S0J Viern® | Terminat Voliage C50+70 | O51+70 | V
H with Respect
Top View oo
. Ta Operating 0t +70 S50 +125 | °C
= o gn Temperature ‘
Pin Description P
. Tois Temperatwe 5510 +125 | 6510 +135 | °C
Name Description i Under Bias '
Ao-Ao Address inputs | | |Storage Temperatre | 5510 +125 | 6510 +150 | °C
V0s - YO Data input/Output Pr Power Dissipation 10 10 W
Cs Chip Select iour DC Qutput Current 50 50 mA
WE Wiile Enabie NOTES: RLL
FE 1. Stresses greater than these fisted under ABSOLUTE MAXIMUM RATINGS
OF Outpu Enable may cause permanent damage to the. device. This is a stress rating only and
Vee Power  functional operation of the device a these or any other conditions above these
- - indicated fn the operational sections of this specification is nat implied. Exposure
GND Ground to abselute maximunt rating conditions far extended perieds may afiect
reliability. :
BEWE 3 Vrerst must not exceed Ve +0.5V.
Truth Table(!
Mode s OE WE ]
Standby H X X High-Z
Red | L L H | DAThour
Read L H H High-Z
Wiie 1 L X L DATAN
- MBI @
NOTE:

1. H=V¥m, L = Vi, X = Don't Care.
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voitage Regulator

‘Features

* Output Current up to 1A

* Qutput Voltages of 5,6, 8, 9, 10, 12, 15, 18, 24V

» Thermal Overioad Protection

+ Short Circuit Protection

*» Qutput Transistor Safe Operating Arca Protection

internai Block Digram

Description

The MCT8XX/LM78XX/MCTEXXA series of three
termimal positive repulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them usefud in a wide range of
applications. Each type employs intemal current limiting,
thermial shut down and safe operating arca protection,

‘making it essentially indestructible. If adequate heat sinking

is provided, they can deliver over 1A outpul current
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to

obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

INPUT SERIES ouTPUT
o o
1 * ELEMENT 3

CURRENT S04 P
. GENERATOR PROTECTION 'ib
STARTING RE| E EAHOR
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'Absolute Maximum Ratings

Parameter o | Symbol |  Value |  Unit

Input Voltage (for Vo = 5V to 18V) Vi 35 Vo
(for Vo = 24V) : : Vi 40 Vv
Thermal Resistance Junction-Cases (TO-220) ReJc 5 oCw
Thermal Resistance Junction-Air (TO-220) ' RaJA 65 e o)
Operating Temperature Range - TopPrR 0~+125 |} | °C
Storage Temperature Range ' TSTG -85 ~ +150 | . °C

Electrical Characteristics (MC7805/LM7805)
{Refer to test circuit ,0°C < Ty < 125°C, 1o = 500mA, V| = 10V, Cj= 0.33uF, Co= 0.1F, unless otherwise specified)

MC7805/LM7805

Parameter Symbol Conditions - Unit
Min. | Typ. | Max
TJ=+25°C - 48 | 50 | 52
Cutput Voltage Vo 50mA = lo £ 1.0A, Pg =< 15W v
_ Vi=7Vio 20V 475 50 | 525
) ' . . ‘ Vo =7Vto 25V - 4.0 100
Line Regulation (Notet) Regline | TJ=+25°C : my
| - Vi=8Vto 12V - 116 | s0
: lo=50mAto1.5A | - 9 100
Load Regulation (Notet) Regload | Ty=+25°C lg =250maA to i 4 50 mV
750mA
Quiescent Current la Ty=+25°C - 50 | 80 | ‘mA
Quiescent Current Change Alg 10 = 5rmA to 1.04 ' - 003 | 05 mA
_ Vi= 7V 10 25V - 03 | 13
Qutput Voltage Drift AVQ/AT | lo= 5mA - |08 - [mwv°c
Ouiput Noise Voltage - VN f=10Hz to 100KHz, TA=+25°C - 42 - pvivo
Ripple Rejection RR L’o izg"}'zto . 62 | 73| - |
Dropout Voltage VDrop | I0=1A, T)=+25°C - 2 - v
Cutput Resistance ro f= 1KHz ' - 15 . - m2
Short Circuit Curent ' isc Vi =35V, TA=+25°C ' - 230 - - mA
Peak Current IPK | Ta=+25°C o - 122 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




'APPENDIX E

Microcontroller program

32



main;
mov A, pl~ ;read sensor status from pl - load to accumulator
mov p2, #01h
mov p3, #01h
ljmp condition

condition:
cjne A, #00h, conditionl ; check for 4 junction
ljmp status

status:
mov p2, #01h ; mouse furn left
mov p3, #08h
mov A, pl  ;read current input from pl
cjne A, #05h, main
ljmp status

conditionl:
¢ine A, #01h, condition2 : check 4 T left corner
jmp statusl

statusl
mov p2, #01h ; mouse turn left
mov p3, #08h
mov A, pl  ; read current input from pl
cjne A, #05h, main
ljmp status1

condition2:
cjne A, #02h, condition3 ; check 4 T junction
limp status?

status2
mov p2, #01h ; mouse tumn left
mov p3, #08h
mov A, pl : read current input from pl
cjne A, #05h, main
ljmp status2

condition3:
cjne A, #03h, condition4 : check 4 left comer
ljmp status3

status3
mov p2, #01h ; mouse tumn left
mov p3, #08h



mov A, pl  ; read current input from pl
cjne A, #05h, main
ljmp status3

conditiond:
cjne A, #04h, condition5 ; check 4 T right junction
Imjp status4

statusd:
mov p2, #08h ; mouse turn right
mov p3, #01h
mov A, pl ; read current input from pl
cjne A, #05h, main
ljmp status4 ‘

conditions:
cjne A, #05h, condition6 . check 4 straight line
Imjp status5

status5:
mov p2, #01h ; port 2 to nght motor
mov p3, #01h ; port 3 to left motor
mov A, pl  ; read current input from pl
cjne A, #05h, main
ljmp status5

conditionb: _‘
cjne A, #06h, condition7 ; check for right corner
ljmp status6;

statusé:
: mov p2, #08h ;mouse turn right

mov p3, #01h

mov A,pl  ; read current input from pl

¢jne A, #05h, main

ljmp status6

condition?:
cjne A, #07h, condition : check for dead end

status7:
mov p2, #08h ;mouse turn right
mov p3, #01h
mov A, pl ; read current input from pl
cjne A, #05h, main
ljmp status?






