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1. ABSTRACT

The line follower is a concept which increasingly being used in today’s
world where software control of the line type (dark or light) is required to
make automatic detection possible. They might follow a visual line painted
or embedded in the floor or ceiling or an electrical wire in the floor. Most of
these robots operated a simple "keep the line in the center sensor" algorithm.
They could not circumnavigate obstacles; they just stopped and waited when
something blocked their path. Many examples of such vehicles are still sold,

by Transbotics, FMC, Egemin, HK Systems and many other companies.

We have innovated with a hybrid design of the basic line follower which
would generally perform all the functions of the line follower, and would be
able to overcome the short comings of this basic model in case the vehicle is
unable to locate the line, by making use of the human controller’s

knowledge of the grid in which the arbitrary paths are located. ’

We have also designed the algorithm in such a way that the vehicle would
automatically be able to judge the degree of curvature of the line being

followed and then accordingly decide the mechanism of turning.

Microcontroller based line followers are applied in the fields
like auto drive mode in cars, auto pilot in aircrafis, automatic breaking

system in trains, land mine detection, guidance system for industrial robots
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moving on shop floor etc. These robots can be used to explore places too
dangerous or otherwise impossible for humans to go.

The robots typically sense the line by measuring light reflected off the
ground, where a black line reflects little/no light and the white floor reflects

a lot of light back.

Starting with an overview of the system the document would cover
implementation details like circuit and algorithms, followed by some

suggestions on improving the design.

The ‘Bibliography’ page has a list of relevant books, websites and

commonly used parts.
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2. INTRODUCTION

2.1. What is a line follower?

Line follower is a machine that can follow a path. The path can be
visible like a black line on a white surface (or vice-versa) or it can
be invisible like a magnetic field.

2.2. Why build a line follower?

Sensing a line and maneuvering the robot to stay on course, while
constantly correcting wrong moves using feedback mechanism forms a
simple yet effective closed loop system. As a programmer you get
an opportunity to ‘teach’ the robot how to follow the line thus giving it
human like property of responding to stimuli.

Practical applications of a line follower : Automated cars running on
roads with embedded magnets, guidance system for industrial robots

moving on the shop floor efc.

2.3. Prerequisites

-Knowledge of basic digital and analog electronics.

(A course on Digital Design and Electronic Devices & circuits would be
helpful).

-C Programming

-Sheer interest, an innovative brain and perseverance.




3. PRACTICAL IMPLEMENTATION AND APPROACH

In our approach the first goal was to program the microcontroller to control

the output at the Input/Output ports.

For achieving the above we took up a sub-project for making a group of 8
LEDs Blink alternatively, with a desired delay.

This part was implemented on a breadboard.

The basic requirements for this sub-project are:

-A 8 bit microcontroller AT89¢51

-5 volt regulated power supply

-A crystal oscillator 11.0592 Mhz

-8 LEDs(red)

-Programmer Kit that supports AT89¢51

-A compiler for generating the hexadecimal code, from either assembly or C

code

-7805 voltage regulator chip




3.1. POWER SUPPLY (5V REGULATED):

We started with implementing a circuit to get a regulated 5 V supply from a
standard 9 V battery which we intent to use as the primary power source in

our final portable model.

The circuit for the power supply is:

Figure 3.1.1

Need for this power supply circuit :

Now we have used the small inexpensive wall transformers with variable
output voltage which are available from any electronics shop. Those
transformers are casily available, but usually their voltage regulation is very
poor, which makes then not very usable for digital circuit unless a better
regulation can be achieved in some way. The above circuit is the answer to
the problem.

This circuit as shown in figure 3.1.1 can give +5V output at about 150 mA

current, but it can be increased to 1 A when good cooling is added to 7805

regulator chip. The circuit has over overload and thermal protection.




Pin out of the 7805 regulator IC
Figure 3.1.2

Pin 1: Unregulated voltage input (8-18 V)
Pin 2: Grounded
Pin 3: Regulated voltage output (5 V)

Components used:

7805 regulator I1C
100 uF electrolytic capacitor, at least 25V voltage rating
10 uF electrolytic capacitor, at least 6V voltage rating

100 nF ceramic or polyester capacitor

Modification ideas to get more output current

If you need more than 150 mA of output current, you can update the output

current up to 1A doing the following modifications:

-Change the transformer from where you take the power to the circuit to a

model which can give as much current as you need from output

-Put a bigger heat sink to the 7805 regulator (so big that it does not overheat

- because of the extra losses in the regulator)
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If you need other voltages than +5V, you can modify the circuit by replacing
the 7805 chips with another regulator with different output voltage from
regulator 78xx chip family. The last numbers in the the chip code tells the
output voltage. Remember that the input voltage must be at least 3V greater

than regulator output voltage or otherwise the regulator does not work well.

Now in the whole purported setup, the PIN 3 is going to be used as a power
source

-to voltage supply of microcontroller at PIN 40 (Vcc)

-to PIN 31( EA/Vpp), in order to enable the microcontrolier for internal
program executions

-to the positive PIN of ali the LEDs for voltage supply.

-and to PIN 9, to provide a high on this pin for two machine cycles while the

oscillator is running in order to reset the device 1




- w-é. Bt

Power supply circuit implemehted on the General'pu};:vosé board




3.2. EXTERNAL CLOCK SETUP

Figure 3.2.1

XTAL1 (PIN 18) and XTAL2 (PIN 19) (as shown in figure 3.2.1) are the
input and output, respectively, of an inverting amplifier which can be
; configured for use as an on-chip oscillator.
# Either a quartz crystal or ceramic resonator may be used.
In our setup we used the Crystal oscillator which is more easily available,
and more reliable.
The next step was to assemble these power supply and clock circuits with

the microcontroller chip as shown in the figure.
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Clock setup on the breadboard using the 11 .0592" Mhz crystal oscillator in
silver
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Clock circuit with 11.0592 Mhz crystal oscillator implemented on GP board




LED Pi.4[2 23] Po.0vaD0
M2[2 28] Po.4/AD1
riaf4 27] Po.2iape

. Pi4[6 36] Po.27aDa

piss 135] po.4AD4

Pi5[7 |24 Po.saps

23] Po.6/aDS

v
22] po.vao? L
e |

[30] ALEFTRSS
53] PSER

28] P2.7/a15
[27] P26int 4
26] P2.5imiz
26] pa.4atz
29 paats
23] P2.2/a10
22] P2.1s09
21] p2.ois

-

11.0592 MH=z
]
1

33pF = 33pF

Figure 3.2.2

In this setup we have shown only one LED connected to pin 0 of port 1,
assume similar connections to all other pins of port 1, making it a total of 8

LEDs connected in succession to port 1 from P1.0 to P1.7.

After making this whole setup on the bread board, the output from port 1
would be illogical since we have not yet programmed the microcontroller

with an appropriate code.

So, the next and the most important step is to program the AT89¢51 chip

with a code that produce high-low voltage pattern in such a way that the 8

LEDs Blink alternatively, with a desired delay.
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Circuit assembly done on breadboard |
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Actual circuit assembly on GP board




3.3. PROGRAMMING AT89CS51

Port details:

In the 8051 there are total of 4 poris for I/O operations.

32 pins are set aside for four ports PO, P1, P2, P3, where each port takes &
pins

Upon reset all the ports are configured as inputs, ready to be used as input
ports

When first {} is written it becomes an output port

To configure it as an input port, a 1 must be sent to the port

And to use any of the port as an input port it must be programmed

PO occupies pins 32-39, used for both O

PO can be used for both address and data, while connecting 8051 to an
external memory

P1 occupies pins 1-8, used for both I/O

P2 occupies pins 21-28, used for both I/O

PO occupies pins 10-17, used for both I/O

The AT89CS51 is normally shipped with the on-chip Flash memory array in
the erased state (that is, contents = FFH) and ready to be programmed. The
programming interface accepts either a high-voltage (12-volt) or a low-
voltage (VCC) program enable signal. The low-voltage programming mode
provides a convenient way to program the AT89CS51 inside the user’s
system, while the high-voltage programming mode is compatible with

conventional third party Flash or EPROM programmers.




The AT89C51 code memory array is normally programmed byte-byte with a

parallel interface.

3.3.A. LANGUAGE CHOICE:

We are required to feed the microcontroller programmer kit with an
appropriate code in HEX to be loaded in the EPROM of AT89¢31.

Now, we can’t manually write this low level Hex code, so we need a
compiler which can convert the algorithm Code in high level language like
C or JAVA or assembly language to HEX file.

The size of this HEX file produced by the compiler is one of the main
concerns because: ‘

Microcontrollers have limited in system reprogrammable flash memory, in
case of AT89¢51 its 4K.

We had the choice of using either assembly language or C to write the code.
Assembly language produces a HEX file which is much smaller than C, but

the major reason for writing programs in C instead of assembly are:

-It is easier and less time consuming
-It is easier to modify and update the code written in C "
-We can make use of the predefined codes in the function libraries

-C code is portable to other microcontrollers with little or no modifications

-Non structural style of assembly language

Since, speed and code size is not our major concern so we chose C for the

initial phase of our project.




Since 8051 is an 8-bit microcontroller, the most commonly used data type is
uﬂsigned char.

Unsigned char is an 8-bit data type that takes a value in the range of 0-
255(00-FFH)

Using INT in place of unsigned char could lead to larger size HEX files.

3.3.B. COMPILER

Our next requirement was a compiler that could efficiently produce the HEX
code corresponding to a given C code.

We chose SDCC (Small Device C Compiler)

SDCC (Small Device C Compiler) is claimed to be an open source,

optimizing ANSI-C compiler that designed for 8-bit Microprocessors.

The current target platform includes:

-MCS51 based Microprocessors (8031, 8032, 8051, 8052 and etc)
-Dallas DS80C390 variants

-Free scale (formerly Motorola) HCO8

-Zilog 780 based MCUs

-Microchip PIC

-Atmel AVR

Some of the features include:
-ASXXXX and ASLINK, a Freeware, retargettable assembler and linker.




o —

-extensive MCU specific language extensions, allowing effective use of the
underlying hardware.

-a host of standard optimizations such as global sub expression elimination,
loop optimizations (loop invariant, strength reduction of induction variables
and loop reversing ), constant folding and propagation, copy propagation,
dead code elimination and jump tables for 'switch' statements.

-MCU specific optimizations, including a global register allocator.

adaptable MCU specific backend that should be well suited for other 8 bit
MCUs independent rule based peep hole optimizer.

-a full range of data types: char (8 bits, 1 byte), short (16 bits, 2 bytes), int
(16 bits, 2 bytes), long (32 bit, 4 bytes) and float (4 byte IEEE).

-the ability to add inline assembler code anywhere in a function.

-the ability to report on the complexity of a function to help decide what
should be re-written in assembler.

-a good selection of automated regression tests.

SDCC also comes with the source level debugger SDCDB, using the current
version of Daniel's s51 simulator.
So, it supports AT89¢51, i.e. produces a HEX code compatible with it.

The other option was KEIL compiler which is not open source and we were

required to purchase it before using.




3.4. PHASE 1

Writing the C code for LED blink functionality

First of all, include the appropriate header file for the microcontroller used
that includes the library functions.

In case of AT89¢51 its “at89x51.h”

Then our approach was to identify the desired port configuration.

And after that we have to choose the way to create time delay between the

different port configurations.

3.4.A. TIME DELAY

There are two ways to create time delays in 8051 in C:
-Using a simple for loop

-Using the 8051 timers

In both cases, when we write a time delay we must use the oscilloscope to
measure the duration of our time delay.
In our microprocessor laboratory we tested with various values to get the

standard program for 1ms time delay using a simple for loop.

So, the time delay function below is tested for the crystal oscillator that we
used with clock frequency of 11.0592 MHz.




void MSdelay(unsigned int time)
{
unsigned int i, j;
Jor(i=0; i<time;it++)
Jor(j=0;j<1275;j++);

here time is in ‘ms’

Initially we had a rough idea that to get a 1 ms delay the value of inter for
loop counter is between 1000 and 1500.

And we stumbled upon 1275, after calculating the delay value at 1000 and
1500 using oscilloscope and then interpolating the value for 1 ms to be 1275,
which we later verified to be correct.

Now using this standard indigenously developed function we can add any

time delay multiple of 1 ms.

3.4.B. DESIRED PORT CONFIGURATIONS

In C programming of 8051 unsigned char values (0-255) (indirectly) or hex
data values(0x00-0xFF)(directly) are assigned to any port designated by PO,
P1, P2, P3

After the device resets the first desired state for port 0 should be such that

only first pin is high and all other pins are low.
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So initially,
P0=0x01;

which indicates the following pin output,

Pin: 76543210

Value: 00000001

This binary value converted to hex comes out to b 0x01. ;
Then after a required delay the second pin becomes high and all other pins

become low,

P0=0x02

Proceeding in similar way, PO would take the following values between
delays:

P0=0x04

P0=0x08

P0=0x10

P0=0x20

P0=0x40

P0=0x80

And then the whole cycle would be repeated indefinitely,




3.4.c. The final C code for our sub-project with 250 ms delay is as

follows:

#include <at89x51.h>

void MSdelay(unsigned int),

void main()

{
while(1) //repeat forever

{
P0=0x01;
MSdelay(250),
PO=0x02;
MSdelay(250),
PO=0x04;
MSdelay(250),
PO=0x08;
MSdelay(250),
PO=0x10;
MSdelay(250),
PO=0x20;
MSdelay(250);
PO0=0x40;
MSdelay(250),
P0=0x80;
MSdelay(250),
}

s
-




| d | m
| !f

void MSdelay(unsigned int time) !j
{ ‘J
unsigned int i, j;
or(i=0; i<time;i++) I
For(i=0.j<1275:j++); f ;-;

: |
Now this code would be saved as a file with .c extension, and complied with 4
SDCC !
3.4.D THE FOLLOWING HEX CODE WOULD BE GENERATED 5’!
:03000000020008F3 ﬁ 1’
-:0300610002000397
:0500030012006480FE04 i i
:0D0064007580019000FA12004E75800290C8 (3
:0E00710000FA12004E7580049000FA12004E84 Y
:0D007F007580089000FA12004AE7580109098 '1
:0E008CO000FA12004E7580209000FA1200AE4D ]
:0D009A007580409000F A12004AE75808090D5 &
:0700A70000FA12004E80BG662 "
:0800AE00AA824B837C007DO0OF7
:0BOOB600C3ECIAEDYB50147EFB7FO40E [
:0500C1001EBEFF011F3F ]
:0BOOC600EE4F70F70CBCO0ESODSOES 69 ﬁi
:0100D100220C |
:06003700E478FFF6DSFDID F
f? :080015007900E94400601B7 A48 '1
|

i

bl

%

:




|

|
-05001D00009000D67800 |
:03002200007540C6 jy
:0A00250000E493F24308B8000205FE :.
:08002F00A0DIFADAF275A0FF7C ;
:04003D007540007832 |[

:0700410000E84400600779AC H
:0600480000E4F309D8FCFE @‘q
:08004E007800E84400600C7921 iP
:0B00560000900000E4F0A3D8FCDIFAF | ;F
:03000800758107F8 1'
:04000B001200D2E582600302000338 ﬂﬂ
:0400D2007582002211 |
00000001 FF ?3
]
The size of the HEX code is 804 bytes. '\(;l.

Now the next step was to load this code on the microcontroller’s EPROM |

using the programmer kit and check the output by making the initial i

assembly on the bread board with power supply and clock provided. 1
On the final setup, we got the appropriate output for what we programmed !:
the AT89¢51 IC. i

This completed our first sub-project.




3.5. PHASE 11

Our second goal was to control the DC motor with AT89c51.

3.5.A. MOTOR DRIVER THEORY

For this purpose we took up another sub project, of programming the

microcontroller with an algorithm that would alternatively drive the motor

clockwise and anticlockwise.

NOTE: with appropriate combinations of clockwise and anticlockwise
motor motion, we would be able to cover all the dimensions on a 2-D plane. |

i.e. move our vehicle in left, right, forward or backward direction. f‘i{
|

For interfacing the motor with AT89¢51 we used 1.293D IC, which is a /~
quadruple high-current half-H driver. ’(!!*':
The L293 is designed to provide bidirectional drive currents of up to 1 A at ‘;l
voltages
from4.5Vto36V. ;éé
The datasheet and other details of L293D is given in section 4. |:
We chose a standard 9V DC motor. 1;]




Circuit connections made: E ;
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Drivers are enabled in pairs, with drivers 1 and 2 cnabled by 1,2EN and :

i
drivers 3 and 4 enabled by 3,4EN. (as given in the pin layout in figure 3.5.1) [.
When an enable input is high, the associated drivers are enabled and their ‘
outputs are active and in phase with their inputs. When the enable input is .}!
low, those drivers are disabled and their outputs are off and in the high- ;
impedance state. With the proper data inputs, each pair of drivers forms a o

ik

i
full-H (or bridge) reversible drive suitable motor applications. i
We chose driver 1 to control a single motor in our experiment and made the E |
following connection with the AT89¢51: |

-~




P0.0 to EN1,2 (pinl)
P0.1 to EN3,4 (pin9)
P0.2to IN1  (pin2)
P0.3 to IN2 (pin7)

We are required to keep the EN1,2 high in order to keep the output for motor
1 active and in phase with the input, and EN3,4 always low to keep the
output for motor 2 off, since we are using only motor 1.

Therefore the state of P0.0=1 and P0.1=0 in all cases.

Now the P0.2 and P0.3 connected to IN1 and IN2 respectively will decide
the direction of current at OUT1 and OUT2 according to following logic

table
EN1,2 IN1 IN2 OUTPUT
H L H clockwise
H H L anticlockwise
H L L Stop
H H H Stop
L X X Stop

Now identifying the desired port configurations:

For clockwise motion:
Pin: 76543210
Value: 00001001




wm—

|
. . \
Therefore for clockwise motion on the motor, EJ |

P0=0x09 ‘

For Anticlockwise motion: ‘
Pin: 76543210 1
Value: 000600101 ;,;[,
Therefore for Anticlockwise motion on the motor,
P0=0x05

So we have to program the microcontroller to alternate between these 2 port .

configurations with a given delay.

3.5.B. C CODE FOR THIS IMPLEMENTATION IS:

#Hinclude <at89x51.h>

void MSdelay(unsigned int);

void main()
{
while(1) //repeat forever
{ : )'
PO=0x05;
MSdelay(3000);
PO=0x09; 5;’5 |
MSdelay(3000);
/ !
bl
i
i
,1
19
i
¥
i




J l
il
void MSdelay(unsigned int time) I ' }ll
{ i
unsigned int i, j; H
for(i=0; i<time;i++) ’
Jor(j=0;j<1275j++); ] ' H“
3.5.C. AND THE HEX CODE GENERATED AFTER ,
COMPILATION IS: i
:03000000020008F3 | |
:0300610002000397 'I.“i
:0500030012006480FE04 M
:0D006400758005900BB8 1200787 580099024 W)
:070071000BB812007880ECCF
:080078004A824B837C007D002D |
:0B00S000C3ECIAEDIB50147EFBTF0444 1'
:05008B001EBEFF011F75 ';
:0B0O09000EE4F70F70CBCO0ESODSOESF ! {
-01009B002242 i il
:06003700E478FFF6DSFDID o
:080015007900E94400601B7 A48 ||J
:05001D00009000407836 il
:03002200007540C6 i
: :0400250000E493F2A308B8000205FF, '
;\ :08002F00A0DIFADAF27SAOFF7C |
|
o
!@-:
1 4




:04003D007540007832
-0700410000E84400600779AC
:0600480000E4F309D8FCFE
-:08004E007800E84400600C 7921
-0B00560000900000E4F0A3DSFCDIFAF]
:03000800758107F8
-04000B0012009CE58260030200036E
:04009C007582002247

:00000001 FF

This HEX code was loaded in the flash memory of AT9¢c51 and the circuit

assembly was made as shown in the figure to get the postulated output.

This completed the phase two of our project.
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3.6 PHASE III

In Phase three of the project we were required to implement a simple infra
red sensor circuit.
Infra red sensors are one of the most widely used sensors for object detection
for small mobile robots. They a easy to implement and low cost making
them one of the most perfect sensors.
Infra red as we all know is the wavelength above VIBGYOR's Red which

the humans can't see.

3.6.A IR IMPLEMENTATION WITHOUT MODULATION
Now, we are going to explain the functionality of a single pair of IR
transmitter and reciever and in our proposed final model we have made use
eight similar IR sensor modules as described in this phase.

The core of this module is the LM324N IC.
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Figure 3.6.1
f Pin configuration of LM324N

Here the output pin 1 gives the output in the form of a high or low voltage
by comparing the voltage across the 2 corresponding inverting and non
inverting input pins and the output is triggered when the difference in the
voltage across these input pins crosses a threshold value.

The LM324N consists of four independent, high gain, internally frequency

compensated operational amplifiers.

An operational amplifier, usually referred to as an op-amp for brevity, is a
DC-coupled high-gain electronic voltage amplifier with differential inputs!
and, usually, a single output. In its typical usage, the output of the op-amp is

\ controlled by negative feedback which largely determines the magnitude of

14




its output voltage gain, input impedance at one of its input terminals and
output impedance.

The amplifier's differential inputs consist of an inverting input and a non-
inverting input and ideally the op-amp amplifies only the difference in
voltage between the two. This is called the "differential input voltage."
There are 4 indepented Op-amps in LM324N, and therefore this IC is

capable of simulaneuosly working with 4 infra-red sensors.
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Here the 20K variable resistance is used to define the threshold value of the
voltage at which the output is triggered.

And the LEDs here are used to indicate the status of the output pin, whether
the sensor is receiving the IR signal or not.

The binary output we are getting here would be fed to the microcontroller.
And after reading this output from all the 6 sensors the microcontroller wili
get the data indicating the sensor status ( which sensors are detecting the line
and which are not)

Based on this sensor data the microcontroller will send appropriate signals to
the L293D motor drivers IC to control the motors which in turn would

control the direction of the vehicle to get it back o the track.

3.6.B MODULATION OF IR SENSORS

The sensors are not modulated, so their range is restricted to about 5 cm
(which is sufficient for following a line).

And without modulation the sensors would also be sensitive to external
noise.

Now what I mean by modulation here is that the IR emitter LED will be
powered by a 38 KHz squarc wave.

Or the signal powering the IR emitter will switch on and off 38,000 times in
a second.

The purpose of this modulation is to increase the range and noise tolerance
of the sensors because the sensors that we are using are tuned(while

manufacturing) to work most efficiently at 38 Khz with duty cycle of 80%.

10




Therefore our requirement here is to generate a square wave of 38 Khz with ;
a duty cycle of 80% |
Means, fi :
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Now a very simple method of generating this signal is by using a separate
hardware module, CMOS IC's like 555 and 7404

But this will make the circuit more congested.

Therefore we decided to make use of the timer registers of AT89C51 to

generate a time delay corresponding to the time period of this 38 KHz wave.

Basic Registers of the timer
Both Timer 0 and Timer 1 are 16 bits wide. Since the 8051 has an 8-bit
architecture, each 16 bit timer is accessed as two separate registers of low bit

and high byte. Each timer is discussed separately.

Timer 0 Registers
The 16-bit register of Timer 0 is accessed as low byte and high byte. The

low byte register is called TLO(Timer 0 low byte) and the high byet register
is referred to as THO(Timer0 High byte). These registers can be accessed
like any other register, such as A, B, RO, R2, ect. For example, the
instruction MOV TLO, #4FH moves the value 4FH into TLO, the low byte of

timer 0. These registers can also be read like any other register.

Timer 1 registers
Timer 1 also 16 bits, and its 16-bit register is split into two bytes, referred to

as TL1(Timer 1 low byte) and TH1 (Timer 1 high byte). These registers are

accessible in the same way as the registers of timer 0.




TMOD (timer mode) register

Both timer 0 and 1 use the same register, called TMOD, to set the various

timer mode operations. TMOD is an 8-bit register in which the lower 4 bits

are set aside for timer 0 and the upper 4 btis are set aside for timer 1.

M1, MO

M1 and MO select the timer mode.As shown in the figure there are three

modes 0, 1, 2. Mode 0 is a 13-bit timer, model is a 16-bit timer, and mode2

is an 8-bit timer.

D15 | D14 | D13 | D12 | D11 | D10

D9 | D8

D7 [ D6

D5 | D4

D3 | D2 | Dl

DOi

D15 TO D8 ARE THO

D7 TO DO ARE TLO

D15 | D14 | D13 | D12 | D11 | D10

D9 [ D8

D7 | D6

D5 | D4

D3| D2 | Dl

DO

D15 TO D8 ARE THI

D7 TO DO ARE TL1

MSB

LSB

GATE |C/T Ml MO

GATE

C/T

Ml

MO

TIMERI

TIMERO




GATE Getting control when set. The timer/counter is enabled only
while the INTx pin is high and the TRx control pin is set.
C/T Timer of the counter selected is cleared for the timer

operation(Input from the internal system clock).

Ml Mode bit 1
Mo Mode bit 0
C/T(clock/timer)

This bit in the TMOD register is used to decide wether the timer is used as
an delay generator or an event counter. If C/T=0, it is used as as a timer

for delay generation.

Example:
Find the values of the TMOD to operate ion the following modes.

e Model Timerl
e Mode2 Timer2
e Mode0 Timerl

Solution:

1. TMOD is 00010000=01H
The gate control bit and C/T bit are made 0, and the unused

timer(Timer0 bit is also 0).




2. TMOD is 01010010=52H
3. TMOD is 00000000H=0H

Clock Source for Timer

As you know every timer needs a clock pulse to tick. If C/T=0, the crystal
frequency is attached to the 8051 is the source for the timer of the clock.
This means that the size of the crystal frequency attached to the 8051 is the
source for the clock timer. The frequency of the timer is always %2 of the
frequency of the clock attached to the 8051.

Although various 8051-based systems have XTAL frequency of 10 MHz, we
will concentrate on the XTAL frequency of 11.0592 MHz.

GATE
The other bit of the TMOD register is the GATE bit. The timers of the 8051

have both. The start and stop of the timers are controlled by way of software

by the TR(Timer Start) bit TR0 and TR1.This is achieved by the instructions
SETB TR1 and CLR TR1 for timerl and SETB TR0 and CLR TRO for
timer0. These instructions start and stop the the timers as long as GATE=0
in the TMOD register. The hardware of start and stop is achieved by making
GATE=1 in the TMOD register.

Example:

How are the Timers0 and 1 atrted and stopped by instructions?

Solution:

The timers are started by using the instructions to set the timer start bits TR0
and TR1

h




Which sre called timer run contro! bits. They can be cleared by clearing

those bits. When

a timer counts to its maximum value, it sets a TFO or TF1. At this point it is
necessary to |

know more about the bits TF and TR for timers 0 and 1. While TMOD
controls the timer

modes, another register controls the the timer control operations called

TCON.
MSB L.SB
TF1 TR1 TFO TRO IE IT1 IEO ITO
BIT SYMBOL FUNCTION
TCON.7 TF1 Timer1 overflow flag
TCON.6 TR1 Timer1 run control bit
TCON.5 TFO Timer( overflow flag
TCON.4 TRO Timer0 run control bit

Mode 1 programming
The following are the characteristics and operations of model

1. It is a 16-bit time; thercfore, it allows values of 0000 to FFFFH to be i

loaded in the timer’s registers TL and TH. ?Mh
2. Afier TH and TL are loaded with a 16 bit initial value, the timer must
B be started. This is done by SETB TRO for Timer0 and SETB TR1 for Z\H
,> Timerl,




e —

3. After timer is started, it starts to count up. It counts up till it reaches
its levels FFFFH. When it rolls over from FFFFH to 0000, it sets high
a flag bit called TF(timer flag). This timer flag can be monitored.

4. Afiter the timer reaces its limit and rolls over, in order to repeat the
process the registers TH and TL must be reloaded with the original

value, and TF must be reset to 0.

Steps to program in mode 1
To generate a time delay, using the timer’s mode 1, the following steps

are taken.

1. Load the TMOD value register indicating which timer(timer0 orl)
is to be used and which timer mode is to be selected (Oorl) is
selected.

2. Load registers TL and TH with initial count values.

3. Start the timer.

4. Keep monitoring the timer flag(TF) with the JNB TFx target
instruction to see if it is raised. Get out of the loop, when TF

becomes high.

5. Stop the timer.
6. Clear the TT flag for the next round.
7. Go back to step 2 to load TH and TL again.




3.6.C. DESIGNING ALGORITHM FOR GENERATING THIS
REQUIRED SIGNAL

The frequency of the microcontroller timer,
Ft= 1/12*frequency of crystal oscillator
XTAL=11.0592 Mhz
Therefore Ft=1/12*11.0952
Ft=921.6 KHz
Corresponding time period,
Tt=1.085 us
This means that the clock ticks every 1.083 us

Required frequency,

=38 KHz

Corresponding time period,

T=1/f

T=1/38K

T=26.3 us

This is the time period for one complete cycle i.e. one high period and one
low period.

Therefore the desired time delay is T/2

T/2=13.15us

If we divide this desired delay by 1.085 us, we will get the no. of clocks

required to attain this time delay
Therefore, 13.15/1085=12.119815
=12 clocks




now, calculating the value of low byte of the timer to generate the desired
number of clocks

FFFFH=65536 in decimal

65536-12=65524

65524=FFIF4H

Therefore the value of TL to generate 12 clocks is F4H




| 4

I
WRITING THE FUNCTION FOR GENERATING THIS TIME ‘i |
DELAY BY 12 CLOCKS | |
void delay38k() I |
{
TMOD=0x01; //using timer 1 in mode 1 i
TLO=0xF4; il
THO=0xFF; | |
TRO=1; //to start the timer |
while(TF0==0); //check for flag which will be set when TH reached I‘
TRO=0; //stop the timer ; ‘I
TF0=03// reset the flag o
\ |
USING THIS TIME DELAY TO GENERATE THE DESIRED 38 KHZ I
SIGNAL |
#include<reg51.h> ||
void delay38k(void); |
I
void main(void) . |~
{
while(1) ‘}
{ :3!
P0.0=1;
delay38k(); i;
9 ‘i |
|
|
|
|
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P0.0=0;
delay38k();
}

void delay38k()
{
TMOD=0x01;
TLO=0xF4,
THO=0xFF,
TRO=1;
while(TF0==0);
TRO=0;
TFO0=0;
}

ADDING A DUTY CYCLE OF 80%
#include<reg51.h>

void delay3 8k(void);

void delay(unsigned int i)

{
while(i!=0)

o',
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void delay38k()
{
TMOD=0x01;
TLO=0xF4;
THO=0xFF;
TRO=1;
while(TF0==0); |
TRO=0; il
TF0=0;
}

void main(void)

{

for (=52,4>=0,q--) //52 is used for maintaining 8 mili sec time
{
P0.0=0;
timer38khz();
PO.0=1;
timer38khz();
}

delay(0x0D);//0D hex no. is used for maintaining 2 mili sec time

}

Now by using the configured pin to power the IR emitter, we managed to
increase the range and the sensitivity of the sensors without using any

additional resources.
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4. Datasheets and details of the ICs used
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41 AT89C51 MICROCONTROLLER : i

; Compatible with MCS-51= Products Il

, 4K Bytes of In-System Reprogrammable Flash Memory _ |
_ Endurance: 1,000 Write/Erase Cycles @ i

, Fully Static Operation: 0 Hz to 24 MHz —

i Three-level Program Memory Lock

. 128 x 8-bit Internal RAM

32 programmable /O Lines

, Two 16-bit Timer/Counters s_bit it
, ix Interrupt Sources |
, programmable Serial Channel Microcontroller i

s Low-power Idle and Power-down Modes il

with 4K Bytes

Description Flash
The ATB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K as

bytes of Flash programmable and erasable read only memory (PEROM). The device I
is manufactured using Atmel's high-density nonvolatile memory technology and is |
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip AT89C 5 1 i
Flash allows the program memory to be reprogrammed in-system or by a conven- (Ut
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash i
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides i

ahighly-flexible and cost-effective solution to many embedded control applications. Not Recommended
o
9 PDIP |
. L] .
’Pm Configurations wo i w e for New Designs.
piy O2 39 [JPo.0(ADO)
pz s 38 HPo.1(AD1) Use AT89SSI.
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The AT89C51 provides the following standard features: 4K
pytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
|imerlcounter3, a five vector two-level interrupt architecture,

a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two

software selectable power saving modes. The Idle Mode

stops the CPU while allowing the RAM, timer/counters,

serial port and interrupt system to continue functioning. The
power-down Mode saves the RAM contents but freezes

the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vCcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-

gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program

verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.

When 1s are written to Port 1 pins they are pulled high by

the internal pullups and can be used as inputs. As inputs,

Port 1 pins that are externally being pulled low will source

current (I,) because of the internal pullups.

Port 1 also receives the low-order address bytes during

Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

AT89C51

Port 2 pins that are externally being pulled low will source

current (1) because of the internal pullups.

Port 2 emits the high-order address byte during fetches

from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-

ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some

control signals during Flash programming and verification.

Port3

Port 3 is an 8-bit bi-directional IfO port with internal pullups.

The Port 3 output buffers can sink/source four TTL inputs.

When 1s are written to Port 3 pins they are pulled high by

the internal pullups and can be used as inputs. As inputs,

Port 3 pins that are externally being pulled low will source
current (l,) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 : T1 (timer 1 external input)

P3.6 WR (external data memeory write strobe)
P3.7 RU (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL
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unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be

pulse is skipped during each access to external Data
Memory.

if desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing @ MOVX or MOVC instruction. Otherwise, the pin is

weakly pulled high. Setting the ALE-disable bit has no observed.
effect if the microcontroller is in external execution mode.
Idle Mode
stﬁ In idle mode, the CPU puts itself to sleep while all the on-
program Store Enable is the read strobe to external pro- chip peripherals remain active. The mode is invoked by
gram memory. software. The content of the on-chip RAM and all the spe-

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

FA/VPP

External Access Enable. EA must be strapped to GND in

order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH._

Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V.. for internal program
executions.
This pin also receives the 12-volt programming enable volt-

age (Ver) during Flash programming, for parts that require

cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled

interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of

an unexpected write to a port pin when Idle is terminated by

reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

12—\’0" VPP. c?
b et SRS
XTAL1 | I_
Input to the inverting oscillator amplifier and input to the i =
internal clock operating circuit. | e
+. Al If 1 xTAL1

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left

Note:

T, ERTSEE 1 GND

C1, C2 =30pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE TSEN PORTO PORTI1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0] Data Data Data Data
Power-down External 0 Float Data Data Data

AT88YCS oo R R SR T PR 17 |
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2. External Clock Drive Configuration

Figure
NC ——— - XTAL2
EXTERNAL
OSCILLATOR — ——| XTAL
SIGNAL
o =——| GND

Power-down Mode

[n the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

f AT89C51.

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Ve
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-

grammed (U) or can be programmed (P} to obtain the

additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin

is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA b in agreament with

the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U No program lock features

2 P U MOVC instructions executed from external program memery are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

3 P P Same as mode 2, also verify is disabled

4 P Same as mode 3, also externat execution is disabled

o7




programming the Flash

The AT89CS51 is normally shipped with the on-chip Flash

memory array in the erased state (that is, contents = FFH)

and ready to be programmed. The programming interface

accepts either a high-voltage {12-volt} or a low-voltage

(Vm) program enable signal. The [ow—voitage program-

ming mode provides a convenient way to program the

ATBICS1 inside the user's system, while the high-voltage
rogramming mode is compatible with conventional third-

party Flash or EPROM programmers,

The ATB9CS1 is shipped with either the high-voltage or

low-voltage programming mode enabled. The respective

top-side marking and device signature codes are listed in

the following table.

V=12V V= 8V
[Top-side Mark | AT89C5f AT89CS5H
XXXX XXXX-5
yyww yyww
Signature (030H) = 1EH (030H) = 1EH
(031H) = 51H (031H) = 51H
(032H) =F FH (032H) = 05H

The AT89C51 code memory array is programmed byte-by-

byte in either programming mode. To program any non-

blank byte in the on-chip Flash Memory, the entire memory

must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 3 and Figure 4. To program the ATBIC51, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/V. to 12V for the high-voltage program-
ming mode.

5 Pulse ALE/PRTG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is

self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array or until the end of the

object file is reached.
Data Polling: The AT89C51 features Dala Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin, Data Polling may begin any time
after a write cycle has been initiated.
Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P23.4 is pulled high again when programming is
done to indicate READY.
Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannct be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.
Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming

{032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

AT89C5] m———————sse———
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AT89CS51

|
1| i
3 |“
flash Programming Modes il
s Hllntt |
Mode RST PSEN ALE/PROG EA/V.P2.§ P27 | P36 | P3.7 il
"Wite Code Data H L H/12V L H H H [
T I
i
Read Code Data H L H H L L H H (1L
Write Lock Bit - 1 H H12V H H H A
NS a
1
Bit - 2 H L HI12V H H E L fetiin |
Y o i
1
Bit - 3 H L HM2V H L H i L
TR A o
Chip Erase H L ) HM12V H L L L ., !
TN i
Read Signature Byte H L H H L L L L il :
ote: 1. Chip Erase requires a 10 ms PROG pulse
Figure 3. Programming the Flash Figure 4. Verifying the Flash I
+5V +5V
AT89C51 9 AT89C51 Q
ADDR. A0-A7 I py Ve | Apbr, B0-A7 Iy v. ||
OOOOH PGM DATA
el i RED- BP0 gl TOD SRR P20-P23 PO | » (USE 10K
AB - Al DAT AB - A11 PULLUPS)
— p| P26 — | P26
SEE FLASH | ——»| P27 ALE |a PROG SEE FLASH »| P27 ALE |4
PROGRAMMING | PROGRAMMING b
MODES TABLE | — —»| P36 MODES TABLE » P3. .
| P37 [ — o P37 ’
i XTAL2 EA e V IV, = XTAL2 EA 4 —— | . i
_ I it
324 MHz | 3-24 MHz ity
] &—— ] E—ﬁa il
| T | i
! T | ‘ l |
[ ] . ‘ L i
- J—| XTAL1 RST |4 Vi - _.i.________‘; ..... XTAL1 RST [4—— V., '!,)?i;,
i GND PSEN 1 _Tl__ GND PSEN | L
1l
g = = = il
fife
|
Ity
l
it
i
AIMEL i
69 It




)

fFlash Programming and Verification Waveforms - High-voltage Mode (V,,= 12V)

p1.0-P17 | PROGRAMMING i VERIFICATION
0-P1. B e e B e
2 | ADDRESS _ ADDRESS _
b [ tavav
PORT 0 B _L ~_DATAIN 3 DATAOUT — s
—» tovel'cHDx [+ ¥
taveL P i« P teHAX
I e " V| | . |
ALE/PROG | |
tSHGL = e tGHsL [
b teLGH > |
, ANV ol losict| )
EA/Vee e LOGIC O
‘ |
»l 4— tEHSH ! b tisiias
P27 | ‘ . tELav hj :1 - 7 * tenoz
(ENABLE) B l |
toHeEL — ™ -~
P34 — . . | =
(RDY/BSY) BUSY |” READY
i t;’.ﬂ‘ b'!

Flash Programming and Verification Waveforms - Low-voltage Mode (V= 5V)

PROGRAMMING . : VERIFICATION
dogsa ( ADDRESS - ADDRESS
P2.0-P2.3 e e D s o
‘ o e tavay
PORT 0 | DATA IN | | | DATAOUT |
!4, » toveL'oHDx [« ,
tavaL [—» (> tGHAX |
= S = =
ALE/PROG _— - j
tSHGL +— i
s >!<’”*te3Lf_'->H **** " ‘
| |
— e | tosict | B e
EANV LLLLLLLLLLTLIH i [ keelco |
. pi 4— tEHSH tl G "f i ~ b-i [ teHaz
(ENABLE) ; {7 o - - |
‘ teHBL — ¥ e ‘
P3.4 :
(RD\(/BSY’) ' -1 ! BUSY J - READY
h —= e >

AT89CS] e ———
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F ———————— AT$9C51

1] rlash Programming and Verification Characteristics
[, =0°C 10 70°C, Voo = 5.0+ 10% R
ml Parameter Min Max Units P :
—m Programming Enable Voltage 1.5 12.5 v j
" Programming Enable Current 1.0 ma P ‘&
’m Oscillator Frequency 3 24 MHz .
tavek Address Setup to PRUG Low 4BteLcL ‘
{aHAX Address Hold after PROG 48tcLcL N
toveL Data Setup to PRUG Low ABtcLeL : . {I
toHDX Data Hold after PROUG 48tcLcL T
teHsH p2.7 (ENABLE) High to Vee 48tcLcL |
tsmoL Vee Setup to PROG Low 10 Hs
m 10 Ks
o T RO 1 110 us
tavov Address to Data Valid 48tcLce
tevav ENABLE Low to Data Valid 48tcLoL
tenoz Data Float after ENABCE 0 48tcicL
- PROG High to BUSY Low 1.0 Hs
tue Byte Write Cycle Time 20 ms

ote. 1. Only used in 12-voit programming mode.
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M L e e

Absolute Maximum Ratings* li 1

’—O perating TemPerature. .........cccceerirursenen -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam- |
revereen, -B5°C to +150°C age to the device. This is a stress rating only and fill ‘

storage Temperature ... : d
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respect to GrOUN .o.eereoeeerereerisennneennnnos 1.0V 10 #7.0V operational sections of this specification is not j
’ implied. Exposure to absolute maximum rating il
Maximum CPRerating VOlAgE ..o 6.6V conditions for extended periods may affect device i
reliability. |

DG OUEPUE CUITENE oot 15.0 mA I .I

pC Characteristics
T, =-40°C to 85°C, Vee = 5.0V + 20% (unless otherwise noted) [l

gymbol Parameter Condition Min Max Units l
Ve Input Low-voltage (Except ER) 05 0.2 V- 0.1 A }
Ve Input Low-voltage (EA) -0.5 0.2 Ve-0.3 A ‘
o Input High-voltage (Except XTAL1, RST) 0.2 V.+ 09 Vet 0.5 v ‘
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vot 0.5 \ |
Ve Qutput Low-voltage (Ports 1,2,3) lo= 1.6 mA 0.45 \Y
Qutput Low-voltage) y
Vs (Port 0, ALE, PSEN) lo = 3.2 mA 0.45
lo = -60 pA, Ve = 5V + 10% 24 v |
Qutput High-voltage i
on = = 0. Ve \ I
Ve (Ports 1,2.3, ALE, PSEN) | =25 pA % ‘
o = -10 pA 0.9 Ve v i
’ o= -800 A, Ve = 5V + 10% 2.4 v I
Output High-voltage I
= 0.75 v
Vou (Port 0 in External Bus Mode) by = -300 <A Vee :
' oo = -80 A 0.9 Ve v ! ’
I Logical O Input Current (Ports 1,2,3) Vi, = 0.45V -50 oA i
Logical 1 to O Transition Current i ‘
| _ _ i 650 aA i
i V, =2V, VCC = 5V & 10% il
(Ports—2:3) I
— ARt |
by Input | eakage Current (Port 0 EA) 045N M 110 A (1 F U
RRST Reset Puil.cown Resistor 50 300 K& i |
il
S Pin Capacitance FostFreq=rtMHz Fr=25€ 10 nE i}
|_Active Made 12 MHz 20 mA il
Power Supply Current I L ;
Idle Maode 12 MHz 5 mA it
b I
=B\ 100 cc | ‘: il
& Power-down Mode® Il

Notes: 1. Under steady state (non-transient) conditions, lo. must be externally limited as follows:
Maximum I, per port pin: 10 mA ‘
Maximum o, per 8-bit port: Port 0: 26 mA il
Ports 1, 2, 3: 15 mA
Maximum total lo for all output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the related speclfication. Pins are not guaranteed to sink current greater i
than the listed test conditions. -
2. Minimum V. for Power-down is 2V,

|
VIV 40 o, L ‘ |
|

e B 5o vt 7 |
AT89CS51




AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

outputs = 80 pF.

gxternal Program and Data Memory Characteristics

AT89C51

- 12 MHz Oscillator 16 to 24 MHz Oscillator
gymbol Parameter Min Max Min Max Units

"'17;;,_—_ Oscillator Frequency 0 24 MHz
B ALE Pulse Width 127 2tore ™ ns
L Address Valid to ALE Low 43 toe ™ ns
LA Address Hold after ALE Low 48 toreL ™ ns
oLy ALE Low to Valid Instruction In 233 dtcre™ ns
AR ALE Low to PSEN Low 43 toec ™ ns
trLPH FPSEN Pulse Width 205 3terel ns
oLV FSEN Low to Valid Instruction In 145 3tere ™ ns
texIX Input Instruction Hold after PSEN 0 0 ns
tpxIz Input Instruction Float after PSEN 59 tored ' ns
texav PSEN to Address Valid 75 terer ™ ns
taviv Address to Valid Instruction In 312 Sterel™ ns
tpLaz PSEN Low to Address Float 10 10 ns
tRLRH RO Pulse Width 400 6tcLeL-100 ns
twLwH VWK Pulse Width 400 6tcLc-100 ns
tRLDV RO Low to Valid Data In 252 Stetec™ ns
{RHDX Data Hold after RD' 0 0 ns
tRHDZ Data Float after RDY 97 2tee™® ns
Boy ALE Low to Valid Data In 517 8torcl-150 ns
tavoy Address to Valid Data In 585 Otect-165 ns
Haw ALE Low to RD or VWR Low 200 300 3o ® 3tocl ™ ns
tavwiL Address to RD or WR Low 203 atcicl™ ns
(v Data Valid to VR Transition 23 tecl ™ ns
tow Data Valid to VWWR High 433 Ttewer-120 ns
twHox Data Hold after VWK 33 tercr ™ ns
tRLAZ R Low to Address Float 0 0 ns
tWHLH RT or WK High to ALE High 43 123 tore ™ toLl ne
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ALE

PSEN

PORT O

PORT 2

=
E
pos
x
A

- -‘/Ir\l&‘,TRINiF‘_,,‘/

External Data Memory Read Cycle

ALE

PSEN

RD

PORT O

PGRT 2

r —— tLHLL ——»

1

' ;-é} 'L—-- BrHLH

he oo

LR (YR

™

 tave "

trLAZ

P

Mo tavoy

tLoy

e —— ]

Cotlax T

T —

S A0 - A7 FROM RI OR DPL |7

7.{ i
I DATA IN T2 A6 - A

A7 FROM PCL .+

AD -

< INSTR 1

P20 - P27 OR A8 - A5 FROM DPH

_ AB - A5 FROM FCH




— >
}4 — tovwH — q‘
|
i

" DATA OUT

gxternal Data Memory Write Cycle
b THLL ——
ALE 5 '
\ PSEN 7 a o
f‘ 4 e ——ple
WR B
—tuax ——p
l——taviL —p tavwx iﬂ L]
PORT 0 (A0 - A7 FROM RI OR DPL
:ﬂ T tawwe —— >
PORT 2 K P20 P27 OR AB - AtS FROM DFH

External Clock Drive Waveforms

— AT89CS1

J {111
twiwH - | |

4 A0 -

A7 FROM PCL

AS - A15 FROM PCH

< INSTR IN

i<-—- toHox ——» |
G tcLcH —» - —> — tcHeL
Vo o-08V F o SE ‘
- DTV N —- 1
\ ‘ 71
[
) 0.2 V- 0.1V ; - -
0.45V — [ ,,,,,, —
- - tcLex B
R s tere —= -
It
External Clock Drive i
Symbol Parameter Min Max Units il
1Ll Oscillator Frequency 0 24 MHz (
terer Clock Period 41.6 ns
teHex High Time 15 ns il
tetex Low Time 15 ns J =;
toleH Rise Time 20 ns 1| !
il
teHoL Fall Time 20 ns LI




i Serial Port Timing: Shift Register Mode Test Conditions

(Ve = 5.0 V + 20%; Load Capacitance = 80 pF)

- 12 MHz Osc Variable Oscillator Units
gymbol Parameter Min Max Min Max

’;;'f Serial Port Clock Cydle Time 1.0 12terel ps

' } rtova/ Output Data Setup to Clock Rising Edge 700 10tect-133 ns

’t:H;:ﬁ Output Data Hold after Clock Rising Edge 50 ZtcLel-117 ns
fHDX input Data Hold after Clock Rising Edge 0 (0] ns

W Clock Rising Edge to Input Data Valid 700 10tcLol-133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION

I —° | 8
we il J—L ﬂ Y l_ﬂ_f J U_UT H [ L
f—.[tﬂn

CLocK E ) T R O OO R O
tovxH .
WRITE TO SBUF N - T A T - T S T A T D
AL Al SO e - : .
T XHDX
OUTFUT DATA N Ry e - o |
L CLEARRI | o T T Y RS T e YT e T AL
SLEARRI I e . e
IHPUT DATA SETRI |
. m m
} AC Testing Input/Output Waveforms Float Waveforms
Vo 0av e 0_2'”\;7”;707‘9;74;_ ya o VLOAD+ 0.1V /—4 R mm—%\_\/.—,l-o.w
TEST POINTS VioAD —————_  Timing Reference  i———-
A 02V - 0AV s . Paints ’4/
o o oM N e R Y o T o +0.v
0.45V LOAD Vo
Note: 1. AC Inputs during testing are driven at V. - 0.5V for a Note: 1. For timing purposes, a port pin is no longer floating
logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at V.min. for a logic 1 and V\ max. for a port pin begins to float when 100 mV change from
logic 0. the loaded Voo level occurs,




T. AT89C51 m

1
ordering Information ‘
""§|§ed Power I I ‘

(MHz) Supply Ordering C'ode Package Operation Range il
=2 5V + 20% AT89C51-12AC 44A Commercial \
AT89C51-12JC 44) (0° C to 70° C)
AT89C51-12PC 40P6 !
/ ATBIC51-12QC 44Q 1 i
AT89C51-12Al 44A Industrial il
AT89C51-12JI 44) (-40° C to 85° C) ::
AT89C51-12PI 40P6 i
ATB9C51-12Ql 44Q i
E 16 5V +20% ATBICE1-16AC 44A om—— Ll
AT89C51-16JC 44J (0° C to 70° C) |
AT89C51-16PC 40P6
AT89C51-160C 44Q |
ATBIC51-16Al 44A Industrial i
ATBIC51-16JI 44) (-40° C to 85° C) |
AT89C51-16P| 40P6 "
AT89C51-16Ql 44Q |
20 5V + 20% AT89C51-20AC 44A Commercial | :l
ATB9C51-20JC 44) (0° C to 70° C) o
ATB9IC51-20PC 40P6 |
AT89C51-20QC 44Q i
ATB9C51-20Al 447 Industrial
AT89C51-20J1 44) (-40° C to 85° C) I
AT89C51-20PI 40P6 -‘
AT89C51-20Q 44Q i
24 BV + 20% ATB9C51-24AC 44A Commercial 1
AT89C51-24JC 44) (0° C to 70° C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q i
AT89C51-24Al 44A Industrial i
AT89C51-24J1 44.) (-40° C to 85° C) Il
ATB9C51-24P| 40P6 I |
AT89C51-24Q1 44Q | ‘
Package Type |
A 44-lead. Thin Plastic Gull Wing Quad Flatpack (TQFP) f \‘
447 44-lead, Plastic JH1eaded Chip Carrier (PLCC) !
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) | !
\ EQ 44-lead, Plastic Gull Wing Quad Flatpack (PQFP) &
r |
AINEL |
i i |
77 |
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packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad

Flatpack (TQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-026 ACB

FIN 11D

0.45(0.012)
J 03010.012)

E

0.80{0.031) BSC

| 10.100.334)

9.90(0.386)
! 1.20(0.047) MAX

0.20(.002) 7
oosoos | *E—IBE]-H[ L

Y

—

0 R(OD 0) DIWOUDG} }
0.450.018) Of'ﬁ(OOO"

A

- -

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45 PINNO. 1 045(1.14) X 30 - 45" .012(.305)

i  IDENTIFY T T ey
= nooin fff];il‘,ﬂ_ R AR :-5‘11 - i
- ) B [ 1_443 | N
i ).656(16.7) L% saind)
— |p Q =L T Ben(15.0)
| 2690165 021533

0 013(.330)

e b | .695(17.7) e
!-‘1 0| ees(17.4)>” { I;
I [

D‘OI"r}T\F‘_ul s ‘_IJJI‘_' -

560(2.29)

| .180(4.57)

L
165(4.19)

W022(.559) X 45 MAX (3X)

40PG, 40-lead, 0.600" Wide, Plastic Dual Inline

Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6)
i St SO~
2.04(51.8) Fl'i

‘r'un WANCI MM, O

| .
!‘ | | ] ‘ 566(14.4)
(

I

L" \30(13 5)
o oo ooo L u g ‘ e
| = 090{2.29)
- 1,900(48.26) REF - - MAX
~NOEE
220({5.59) 005127

MAX Ml

sesrwe | T (TFTTFOIIH HTIG‘_?__..L
LR

A 1J IJ l| 065(1.65
1 L RiHTE N ¥

1617405} | !' 'j’_ " AT
REe ..‘ b ] -—“- 022(559)
A10(279) g:“"l 10?5' DT4(.356)
0902.29) 630(16.0)

F C BG0{15.0)
n

012(.305)
008(203) 1
| 690(17.5)

610015.5)

440Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525)
~ 12,65 (0.608) SO

PIN1ID —

]

I
_ 050¢0.020)
0.35({0.014)

1
R
|

0.80(0.031) BSC  — *

10.10 (0.394)
990”‘* 226\
—

e sca G

2,45 (0.098) MAX

0.17 (0.007)
0.13(0.005) |

~0.25(0.010) MAX

Controlling dimension: millimeters

ATEOCS  remm s ————— R S R T
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Featuring Unitrode L.293 and L293D
Products Now From Texas Instruments

Wide Supply-Voltage Range: 4.5V to36 V
Separate Input-Logic Supply

Internal ESD Protection

Thermal Shutdown

High-Noise-Immunity Inputs

Functional Replacements for SGS L293 and
SGS L293D

OQutput Current 1 A Per Channel
(600 mA for L293D)

Peak Output Current 2 A Per Channel
(1.2 A for L293D)

Output Clamp Diodes for Inductive
Transient Suppression (L293D)

T 9 g oupiol U

description

The L293 and L293D are quadruple high-current
half-H drivers. The L293 is designed to provide
bidirectional drive currents of up to 1 A at voltages
from 4.5 V to 36 V. The L293D is designed to

provide bidirectional drive currents of up to

600-mA at voltages from 4.5 V to 36 V. Both

devices are designed to drive inductive loads such

as relays, solenoids, dc and bipolar stepping

motors, as well as other high-current/high-voltage
loads in positive-supply applications.

L4YS, LLZYSD

QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 ~ REVISED JUNE 2002
TR ST

N, NE PACKAGE

(TOP VIEW)
1,2EN [ 1 U16]Vcc1
1A |2 15[]4A
1Y |3 14]]4Y
HEAT SINK AND <:; [+ 13{] } HEAT SINK AND
GROUND T []5 12[] © GROUND
2Y |6 1] 3y
2A (|7 10]] 3A
VCC? [ 8 9 ] 3,4EN
DWP PACKAGE
(TOP VIEW)
126Nt~ 28f] Voo,
1All2 27fl4A
M E 26]] 4Y
NC[] 4 25[] NC
NC(]5 24[] NC
NC[]e 23[] NC
neaTsinkano | 47 [ 1 Heat sink anp
GROUND fs 211 > GrouND
fo =
NC[l10  19[]NC
NC[|11  18[INC
2v[[12  17[] 3y
2a |13 16[] 3A
veez[l14  15[] 3,4EN

All inputs are TTL compatible. Each output is a complete totem-pole drive circuit, with a Darlington transistor

sink and a pseudo-Darlington source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and

drivers 3 and 4 enabled by 3,4EN. When an enable input is high, the associated drivers are enabled and their
outputs are active and in phase with their inputs. When the enable input is low, those drivers are disabled and
their outputs are off and in the high-impedance state. With the proper data inputs, each pair of drivers forms
a full-H (or bridge) reversible drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for inductive transient suppression.

A Vcci terminal, separate from Ve, is provided for the logic inputs to minimize device power dissipation.
The L293and L293D are characterized for operation from 0°C to 70°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication

date.

Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.

*? TeXAS
INSTRUMENTS

Copyright [ 2002, Texas Instruments Incorporated
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1293, L293D y ™

QUADRUPLE HALF-H DRIVERS b
L

L RS008B — SEPTEMBER 1986 — REVISED JUNE 2002 i | : .}l l
plock diagram ; | 1

|

i i

f |
«—-—HI |

3

vC

NOTE: Output diodes are internal in L293D.

TEXAS INSTRUMENTS

AVAILABLE OPTIONS :
PACKAGE 1 I
TA PLASTIC i |

DIP

(NE)

I..LU-J;‘(E

0°C to 70°C L293DNE

|
Unitrode Products i

msn from Texas Instruments
AVAILABLE OPTIONS

PACKAGED DEVICES .
- SMNALL PLASTIC 1

OUTLINE pIP i
(DWP) N) it
PC070°C | (omerr L9 ' .'E i
L293DDWP |  L293DN 5 | L
The DWP package is available taped and reeled. Add (K | |
the suffix TR to device type (e.g., L293DWPTR). |
i |
il
i n
|

¥ Texas it
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i
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Y 1.293,1.293D
P QUADRUPLE HALF-H . DRIVERS

SLRS008B — SEPTEMBER 1986 — REVISED JUNE 2002 | ‘}
FUNCTION TABLE i
(each driver) ‘ ii 3
INPUTS OUTPUT I 1
Y EN Y |
H H H |
L H L !
X L z |
f H = high level, L = low level, X = irrelevant, |

T In the thermal shutdown mode, the output is
in the high-impedance state, regardless of
the input levels.

I
Z = high impedance (off) !
I
i

logic diagram

(LN
18 2 [ 3wy
12EN Ifr
3
XN NG 6 Ly
L
34 10 F\ 11 3y
§ e
3 4EN S

3
4 l__rg e B
v

schematics of ilputs and outputs (L293)

EQUIVALENT Of EACH INPUT TYPICAL OF AIIL OUTPUTS

l ............ Vo2

Vaoct

Current
Source

Input ‘i
Output } u
I

GND

GND | I

“5 TeEXAS il
INSTRUMENTS




1293, L293D
QUADRUPLE HALF-H DRIVERS

|
SLRS[JO&B — SEPTEMBER 1986 — REVISED JUNE 2002 f i

schematics of inputs and outputs (L293D) i

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS I
|
VOC2 it i
VOCL ——————— i
it I
y i
Current [ it
Source '
________ |
Input Output !
|
w!’ '
i 1)
GND b
il
GND :”‘;
I

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SupPly VOItage, VCC1 (S8 NOLE 1) «---rrvrrrerrnrsrrs st 3BV
Output supply V°|tagel Vo 1. v Pmvssmmiagags sin s gromiosninsy sy snens SRS T HRUSORNSRAT, o ptimigiis S vt ris 36V
|nput Voltagel VI ............................................................................ 7V
Output VOItage range, Vo ......oooveuvianie e -3VtoVeee+3V
Peak output current, o (nonrepetitive, t 8 5 ms). LBOT b ot seibuiahnnne s o omsomeneis i vimmmmissns o 2 A
Peak output current, lo (nonrepetitive, t 8 100 «s): L2930 - cvieetie i +1.2A
Continuous output current, lo: L293 ... oo +1 A
Continuous output current, lo: L293D ... L + 600 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Notes2and 3) - 2075 mwW ;
Continuous total dissipation at 80°C case temperature (see Note 3) - --cvoeoeoomeeeeeee 5000 mW I
Maximum junction temperature, Ty.. ... ..o oo 150°C i
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . ... 260°C ;
Storage temperature range, Tailg  ...........ooirviinriiiii —65°C to 150°C
+ Stresses beyond those listed under “absolute maximum ratings® may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. ‘
NOTES: 1. All voltage values are with respect to the network ground terminal. il
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. | I ill
3. For operation above 25°C case temperature, derate linearly at the rate of 71.4 MW/FC. Due to varlations in individual device electrical L
characteristics and themal resistance, the built-in thermal overload protection may be activated at power levels slightly above or | i;
below the rated dissipation. } il
I
|
it
1
i
Il
83 |
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recommended operating conditions

1L.293, L.293D

QUADRUPLE HALF-H PRIVERS

SLRS008B — SEPTEMBER 1986 — REVISED JUNE 2002

MIN AMAX| UNIT
VCC1 4.5 7
Supply voltage v
VCC2 VCCH 36
VIH  High level input voltage yoolaly 23 NEG Y
VCC1e7V 2.3 7 v
VIL  Low-level output voltage -0.31 1.5 v
TA Operating free-air temperature 1] 70 °c
T The algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels.
electrical characteristics, Voo, =5V, Ve, =24V, T, =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
L293: IOH=-1A
VOH High-level output voltage L293D: IOH = — 0.6 A VCC2-1.8 VCC2-1.4 \
L2093 1OL=1TA
VOL Low-level output voltage L293D: IOL = 0.6 A 1.2 1.8
VOKH High-level output clamp voltage L293D: IOK=-0.6 A VCC2+1.3 A
VOKL Low-level output clamp voltage L293D: IOK=0.6 A 1.3 \
A 0.2 100
IIH High level input current e VI=7V 03 T oA
A -3 =10
I Low level input current Vi=0 oA
EN -2 100
All outputs at high level 13 22
ICC1 Logic supply current 10=0 All outputs at low level 35 60 mA
All outputs at high impedance 8 24
All outputs at high level 14 24
ICC2  Output supply current 10=0 All outputs at low level 2 61 mA
All outputs at high impedance
switching characteristics, Voo, =5V, Ve, =24 V, T, =25°C
L293NE, L293DNE
PARAMETER TEST CONDITIONS - - UNIT
MIN TYP MAX
tPLH  Propagation delay time, low-to-high-level output from A input 800 ns
tPHL  Propagation delay time, high-to-low-level output from A input 400 ns
CL=30pF SeeFigure 1
i LH  Transition time, low-to-high-level output 300 ns
tTHL  Transition time, high-to-low-level output 300 ns
switching characteristics, VCC1 =5V, VCC2=24V, TA =25°C
L293DWP, L293N
PARAMETER TEST CONDITIONS L293DDWP, L293DN UNIT
MIN TYP MAX
tPLH  Propagation delay time, low-to-high-level output from A input 750 ns
tPHL  Propagation delay time, high-to-low-level output from A Input 200 ns
tTLH  Transition time, low-to-high-level output Gl= R pF— See Elguns:t 100 ns
tTHL  Transition time, high-to-low-level output 350 ns

"? Texas
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265




1,293, L293D ’ 5 m
QUADRUPLE HALF-H DRIVERS . |
SLRSOOBB - SEPTEMBER 1986 — REVISED JUNE 2002 '. i

PARAMETER MEASUREMENT INFORMATION

Input 5V 24V Input
) I |
VOCLVOC2
? Fulse g
Generator A !
(see Note B} N
Y Outpat :
3 EN ] CL=30pF L
{see Note ) Output
0% L

1

TEST CIRCUIT YOLTAGE WAVEFORMS

NOTES: A. CL includes probe and jig capacitance.
B. The pulse generator has the following characteristics: tr 8 10 ns, 8 10 ns, tw= 10 «s5, PRR = 5 kHz, ZO = 50 &.

Figure 1. Test Circuit and Voltage Waveforms

*I* TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 i
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1293,1293D  [II§
QUADRUPLE HALF-H DRIVERS il

SLRS008B ~ SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION & | '
5V 24V ! |
*\'(‘(1!1 lﬂ \H | :
éL 10 k& i - 14 |

—

e

I
z o L

1A

Control A .
2A

7

Yy

O]

Motor

3HEN

3A 3Y I
Control B |
‘ontrol m T |
it
i
|
i
| |
.i
1A Y f
15 14 il
1
Thermal | [
Shutdown | .:
i

4512, 13
GND

NI
Figure 2. Two-Phase Motor Driver (L293) ‘ ; i ‘
I

“5 Texas
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1293, 1.293D
QUADRUPLE HALF-H DRIVERS

- - W
- APPLICATION

INFORMATION
24V
vee?
Voot
2 3
1 10ke
16

l e
|
Control A ’
Moter
24 -
7 [
3AEN
9 ——
3 L 3
Control B 1o i 1
4 -
i3 1+
:| Thermal

Figure 3. Two-Phase Motor Driver (L293D)
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1293, 1.293D

QUADRUPLE HALF-H DRIVERS

SLRS008B — SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION

VO 3

SESS001

EN 3A M1 4A M2
H H Fast motor stop Run
H L Run L Fast motor stop
Free-running motor Free-running motor
L X X
stop stop
i i e P it e L = low, H = high, X = don't care
j_—‘ 4,512, 13
GND
Figure 4. DC Motor Controls
{connections to ground and to
supply voltage)
VOCe? GT
- SESS001
. SES5001 EN 1A 24 FUNCTION
H L H Turn right
H H L Turn left
H L L Fast motor stop
H H H Fast motor stop
L X X Fast motor stop

L = low, H = high, X = don't care

GND
Figure 5. Bidirectional DC Motor Control

‘5 TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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W (293, 1293D
*F QUADRUPLE HALF-H DRIVERS

— & RS008B — SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION
INFORMATION
ILI/ILE =300 mA
]—_
k N i6
o 1.293

i 0.22 «F i
f O3 1 15 ©

1

V2

D1-D8 = SES5001

Figure 6. Bipolar Stepping-Motor Control

mounting instructions

The Rthj-amp of the L293 can be reduced by soldering the GND pins to a suitable copper area of the printed
circuit board or to an external heatsink. g

Figure 9 shows the maximum package power PTOT and the {x as a function of the side of two equal square i“"

copper areas having a thickness of 35 «m (see Figure 7). In addition, an external heat sink can be used (see
Figure 8).

During soldering, the pin temperature must not exceed 260°C., and the soldering ime must not be longer than
12 seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground. ; };

WP Texas
INSTRUMENTS :

POST OFFIGE BOX 655303 ® DALLAS, TEXAS 75265
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1.293, L293D ™
QUADRUPLE HALF-H DRIVERS il

SLRS008B — SEPTEMBER 1986 — REV|SE15 JUNE 2002

APPLICATION INFORMATION

Copper Ared 35-xcm Thickness

T El
15 s i
\

%
2

\ ‘i
rinted Circuit Board [

Figure 7. Example of Printed Circuit Board Copper Area
(used as heat sink)

TN

7.0 mm

11.9 mn|

38.0 mm

Figure 8. External Heat Sink Mounting Example '
(\1a= 25°C/W) !

¥ Texas |
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1293, L293D

'QUADRUPLE HALF-H DRIVERS

SLRSDOBE! — SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION

MAXIMUM POWER AND JUNCTION

Side —mm

Figure 9

vs
THERMAL RESISTANCE

k 4
1 s

= 3 \\

-}

g ™.

7

A FTOT (T2 =[70°C .

g - b //

[ —

L~

s

E—{

Ay

(1]
0 10 20 30 40 50

80

60

40

\JA- Thermal Resistance — T/W

PToT- Power Dissipation — W

*? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265

MAXIMUM POWER DISSIPATION

VS

AMBIENT TEMPERATURE

s
\ \
With [[nfinje HeaAt SinK
4 \\
N \
N

3 Hdat Sink WithNJAF 253°¢NV \

L~

y _\2 e Air \\ \
i \\x\\
o 0 50 100 150

TA — Ambient Temperature — °C

Figure 10
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications, ?3
enhancements, improvements, and other changes to its products and services at any time and to discontinue [
any product or service without notice. Customers should obtain the latest relevant information before placing :
orders and should verify that such information is current and complete. All products are sold subject o TI's terms i i

|

and conditions of sale supplied at the time of order acknowledgment.

| i
> Tl warrants performance of its hardware products to the specifications applicable at the time of sale in JittH
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl i
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, il
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process Hil
in which Tl products or services are used. Information published by Tl regarding third—party products or services i
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof. '“- ‘
Use of such information may require a license from a third party under the patents or other intellectual property j
of the third party, or a license from Tl under the patents or other intellectual property of Tl. i

|

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction }
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for i |
such altered documentation. ‘

I

Resale of T| products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

L —

Mailing Address:

Texas Instruments ’ I
Post Office Box 655303 |
Dallas, Texas 75265

TN
Copyright[ 2002, Texas Instruments Incorporate e
f
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I"} {M324N COMPARATOR IC :
; r 1.M124
7[ 1.M224 - 1.M324

®

LOW POWER QUAD OPERATIONAL AMPLIFIERS

m WIDE GAIN BANDWIDTH : 1.3MHz '
m INPUT COMMON-MODE VOLTAGE RANGE W
INCLUDES GROUND
m LARGE VOLTAGE GAIN : 100dB Dlr;l4
m VERY LOW SUPPLY CURRENT/AMPLI : (Plastic Package)
3750cA
m LOW INPUT BIAS CURRENT : 20nA
m LOW INPUT OFFSET VOLTAGE : 5mV max. *
(for more accurate applications, use the equiv-
alent parts LM124A-LM224A-LM324A which D .
feature 3mV max.) SO14 1

m LOW INPUT OFFSET CURRENT : 2nA (Plastic Micropackage)

m WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V

} DUAL SUPPLIES : 1.5V TO +15V “
DESCRIPTION P
TSSOP14
These circuits consist of four independent, high (Thin Shrink Small Outline Package)
gain, internally frequency compensated operation-
al amplifiers. They operate from a single power .
[ id f vol ; i '
supply qver awide rar?ge .o vo tages? Operation PIN CONNECTIONS (top view) |
from split power supplies is also possible and the .
low power supply current drain is independent of
the magnitude of the power supply voltage.
ORDER CODE Output1 1 [] A fi] 14 outputs |
Inverting Input 1 2 [ f} ] 13 inverting Input 4 \ i
Part Temperature Raglags - w | _ il
Number Range N D P Non-inverting Input 1 3 [] H] 12 Non-inverting Input 4
V124 55°C. +125°C . . . vee'4 l:] [:l 11 Vveo
LM224 -40°C, +105°C ° ° ° Hon-inverting Input 2 5 [ +-E:| 10 Non-inverting Input 3
LM324 0°C, +70°C . * . Inverting Input 2 6 I:} '{:l 9 Inverting Input 3
Example : LM224N
Output2 7 [] rj 8 Output3

N = Dual in Line Package (DIP)

D = Small Outline Package (SO) - also available in Tape & Reel (DT)

P = Thin Shrink Smail Outline Package (TSSOP) - only available in Tape
&Reel (PT)
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LM124-LM224-LM324

SCHEMATIC DLAGRAM (1/4 LM124) i v

e £, LD i

hversling a2 as ar | :
npul M Qa4 I o
- e -
i i 11
Non?\}g‘ﬁmng [} ’—[é ] Oukpul j

Eﬂl I:'—IEIE CD

W ®R WP mp W GND

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LAI24 LA224 LM324 Unit
VcSupply voltage +16 or 32 vV
Vilnpug Voltage -0.3 to +32 Vv
Vi Diffgrential Input Voltags"” +32 vV
P Powkr Dissipation N Suftix 500 S0u 200 mvy
w OWET LASSIp D Suffix 400 400 mw
Output Short-circuit Duration” Infinite
I,Inpuf Current 50 50 50 mA
Toper |Opearting Free-air Temperature Rangs -55to +125] 40 to +105]| Oto +70 *C
T.,Storhge Temperature Range -85 to +1560 °C
1. Either or both input voltages must not exceed the magnitude of Vet OF V-,
2. Short-circuits from the output I VCC can cause excessive heating ¥ Vee > 15V, The maximum cutput cuitent ks approximately 40ma independent

of the magnitude of Ve, Destructive dissipation can result iom simultanecus short-circult en all amplifiers.

3. This input curreit only exists when the voltage at any of the input leads is difven negative. It is due to the collector-base junction of the input PNP
transistor becotning fofward biased and thereby acting as input diodes clamps. In addition to Whis diods action, there is also NPN parasitic action on
the IC chip. this translskor action can causa the output voltages of the Op-amps to go to the Ve voltage level (or to ground for a large overdrive)
tot the time duration than an input is driven negative.

This Is not destructive and normal output will set up again for Input voltage higher than -0.3v.
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LM124-LM224-LM324

ELECTRICAL CHARACTERISTIC'S
Veer = 8V, Vo= Ground, Vo= 1.4V, T, = +25°C (unless ctherwise specified)

Sambol

Parameter

Min.

Typ.

Max.

Unit

Vie

Input Offset Voltage - note
Taws = +25°C
LM324

Tmin8 Tamh6 Tmm(
LM324

W~~~ O

my

Tnput Ofiset Current
Tems = ¥25°C
-rmln8 Tamaa Tmm:

100

nA

Input Bias Current - note 2)
T = +25°C
TmlnS Tumba Tnm(

20

150
300

nA

Large Signal Voltage Gain
Vet = +15V, R, = 2k&, V, = 1.4V 1o 11.4V
T = +25°C
Toe® Toon® Trame

50
25

100

VimV

SVR

Supply Voltage Rejection Ratio (R.8 10k&}
Veet = 5V to 30V
Tam = +25°C
T P

65
65

110

dB

lec

Supply Current. all Amp, no load
Tonn = +25°C Ve = +5V
Vee = 30V
Vee = +5V
Ve = +30V

TmInS Tnmbﬁ Tmax

m#A,

Vi

Input CTommon Mode Voltage Range
Vee= 430V - note”
T = +25°C
-rlﬂi!8 Tanna Tmax

Ve -1.5
Vcc -2

CMR

Common Mode Rejection Ratio (R,8 10k&)
Toe = +25°C
Tmha Tath me.

70
60

80

dB

tsource

Output Current Source (Vi, = +1V}
Vee = +18V, V, = +2V

20

40

70

mA

Isink

Cutput Sink Current (V, = -1V}
Vee = +15V, V, = 42V
Vee = +15V, V, = +0.2V

10
12

20
50

mA
oA

VDH

High Lavel Dutput venage
Vee = #30V
Tomp = #25°C
Tond Tawed Toax
T = 425°C
Tord Tamsd Tons
Vee = 48V, Ry = 2k&
T = +25°C
Tod Tansd Tuw

R, =2k&

R, = 10k&

27

28
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LMI24-LM224-LM324 - i

Symbol Parameter Min. Typ. Max. Ulnit
Tow Level Output Voltage (R, = 10k&) |
VoL Toos = +25°C 5 20 mv
Toied Tars T 20 N
SR g
> Voo = 15V, V, = 0.5 to 3V, R, = 2k&. C, = 100pF. unity Gain 0.4 Vixs l
ol sk |

_Mafa

Gain Bandwidth Preduct

[
GBP Vo= 30V £2100kHZ V= 10mV B = 2k& O, = 100nF 13 MHz e
: il
THD |Total Harmonic Distortion 0015 J% i
TEETATP ELP-WEE DY VIS, V- AR TV T Ny
. nv it
L —onmauivaiont-lput-hloise-Maliage }
f= ik B, = 1008 \pp= A0V 40 Hz |
’ \
DV,Input Offset Voltage Drift 7 30 «\IPC
D Jnput Offset Curtent DIt 1Y 200 AT
4) I
V./V:Channel Separation - note dB |4t
1kHz & f 3 20kHZ 120 1‘

-

Ve = 1.4V, R, = D&, 5V < Vet < 3OV, 0 < Ve € Vet - 1.5V

2. The difection of the input curent is out of the IC. This current s esseritially constant, inde pendent of the state of the output so no loading change
exlsts on the input lines.

3. The Input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the

common-mode voltage range Is Voot - 1.5V, but either or both Inputs can go to +32V without damage.

4 Due to the proximity of external components Insure that coupling s not originating via stray capacitance between these extarnal parts. This typically
can be detected as this type of capacitance Increases at higher frequences.
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LM124-LM22‘4-L1\_/I324

INPUT BIAS CURRENT
versus AMBIENT TEMPERATURE

CURNENT LJNITTING (Nawe B
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L] '
4 s i 1
55-35-15 5 25456585 105125 <56 1816 B 2 45 66 K TS I20
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LM124-LM224-L.M324

OPEN LOGP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY REGPONSE ‘
Il
I
L 1eM0 o | 104 k0 ‘
al J‘F i g |
2] vic
> = e 15 e €9
S w o 3 !
= : z
3 L % = = |
,.+3|v& 2 1 1 e |
! (3] -(:qu.snzs'c 2 HANEREI| el E
- : N I
a 4 n g bty H -+ 74’“ et i b
> l B |} (. H i \
n Mc=+10% +15v & ] ] _l ! | ik
—BE"C £ Ty + 136°C : 3 i i il
0 e . ] Ll Al il
1

10 18 160 1Bk 10 1984 1.89M 18M w 186 100 M I ‘
FREQUENCY (Hz) FRE@UENCY (Ha i
|
|
= VOLTAGE FOLLOWER PULSE RESPSNGE .UTPl:,I;‘ Eiﬁ-l;fn;::rnﬂnmm I
ic NKING) |
g 1 10 " I
o AL =2 kA Il
L A | Vdc= r16V I
! 2 o s = 5
5 a 1 l i
ik i ¥ |
el @ 1
|
Z 3 § (1] ,
! 2 5 ’
= [ ] il
- |
a 1 ‘
> I
5 m i
a o " n » “» 88d1 a® @1 1 1 I il
TIME (u9! SUTPLT SINK CURRENT (mA) il
VELTAGE FOLLGWER PLULSE RESP@NSE QUTPUT CHARACTERISTICS | ‘
ISMIALL SIGNAL) (CURRENT S58URGING)
509 | v e ‘
I iu [ |
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-g' Input 5]
[ N
Z 150 i |
E 4 |
5 |
s 10 B
a
58 : E
Pt 2 3 a 5 & 7 1 E am em1 al 1 1w im il
= i
TIME {us) S  QUTPUT SBURCE CURRENT (mAl i
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WPUT GUARENT VOLTREE GAIN
] 19 (
RL=2IJ k2
E " & 10—
E 3 - R =2k
E w : §m
3 ]
5 A =20 :
¥y = 1 g ®
[ ] » n » . L] » 1
POWER GUPPLY WILTAGE (W POWER SUPPLY YOLTAEE (W
POWER SUPPLY & COMMON MQUDE Awd (B) LARGE SGNAL YOLTAGE GAIN
REJECTION RATIC 120
(dB) 120
i 115 J g
» 110 w115
g% 105 g // o
§F 100 3 |~
S = = 1o —
EE o0 g L~ $
aé 55 ] 105
e 4
75 §
§ 70 100
55-35-15 6 £5 45 65 BS 105125 55 1515 5 25 45 65 B0 106155
AMBIENT TEMPERATURE (*C) AMBIENT TEMRERATURE {*C}
TYPICAL SINGLE - SUPPLY APPLICATIONS
AC COUPLED INVERTING AMPLIFIER AC COUPLED NON INVERTING AMPLIFIER

~ T
A= R

(@ shovn A =-10). c

>

4
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TYPICAL SINGLE - SUPPLY APPLICATIONS

NON-INVERTING DC GAIN DC SUMMING AMPLIFIER
e 100k0
P A= 1 45R1
(As shown A= 101)
i - e, 100KQ
o—{———
e 100kQ2
100k
+ ——
=2 100K°
pymery oc—fF———
€= @ +8; -85 24
Where (e, +&;) € {85 +&,)
1o keep e OV
HIGH INPUT Z ADJUSTABLE GAIN DC LOW DRIFT PEAK DETECTOR
INSTRUMENTATION AMPLIFIER
RY
100k
R4
100k ;
ot —
G & !
RZ  [[]¥ Goe ot = 3,
2kQ RS !
L 100KQ 3:
RE /7 |
KD 10087 R
e e i
oo PG > o » y
Wnput current it
);' A compansation I
ifR1=R5and R3=R4=R6=RT * Polysarbonate of polyeltiviene 1-;
2R| N : |
€o= [1+— {e1-&4) ! |{
Re ) !
As shown g = 101 (&2 - &), o
\ .
f
7
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TYPICAL SINGLE - SUPPLY APPLICATIONS

ACTIVER BANDPASS FILTER HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER |
Ri ‘
10&0 B .
R R Il
For —-—- = - il
RzRs hit

{CMRR depends on this resistor ratic match) ‘

R4
100"

"

e Oy X

F, = 1kHz

Ry
Q=350 e (8-81) .‘
A, = 100 (40dB) I Vrs !

As shown gp = (e -y}

USING SYMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

—lalptg24 &
te, \
Is
2N 929 8
1
001pr ikt
-k |
I n .
l , 3MQ 144 '15‘
1M1 :
- — 7 Aux. amplifier for input ‘

I current compensation




LM124-LM224-LM324

MACROMODEL
*+ Standard Linear Ics Macromodels, 1993,

** CONNECTIONS :

*1 INVERTING INPUT

* 2 NON-INVERTING INPUT
*30UTPUT

* 4 POSITIVE POWER SUPPLY
* 5 NEGATIVE POWER SUPPLY

‘SUBCKT LM124 1 32 4 5 (analog)

ko e ke Kk ek A g e e dede ek e e dok e ook ek ik etk dedededede dek e dokokok

.MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=10F

* INPUT STAGE

CIP 2 5 1.000000E-12
CIN 15 1.000000E-12
EIP105251
EIN165151

RIP 10 11 2.600000E+01
RIN 15 16 2.600000E+01
RIS 11 15 2.003862E+02
DIP 11 12 MDTH 400E-12
DIN 15 14 MDTH 400E-12
VOFP 1213 DC 0

VOFN 1314 DC 0

IPOL 13 5 1.000000E-05
CPS 11 15 3.783376E-09
DINN 17 13 MDTH 400E-12

ELECTRICAL CHARACTERISTIC'S

VIN 17 5 0.000000e+00

DINR 15 18 MDTH 400E-12
VIP 4 18 2.000000E+00

FCP 4 5 VOFP 3.400000E+01
FCN 5 4 VOFN 3.400000E+01
FIBP 2 5 VOFN 2.000000E-03
FIBN 5 1 VOFP 2.000000E-03
* AMPLIFYING STAGE

FIP 5 19 VOFP 3.600000E+02
FIN 5 19 VOFN 3.600000E+02
RG1 19 5 3.652997E+06

RG2 19 4 3.652997E+06

CC 19 5 6.000000E-09

DOPM 19 22 MDTH 400E-12
DONM 21 19 MDTH 400E-12
HOPM 22 28 VOUT 7.500000E+03
VIPM 28 4 1.500000E+02
HONM 21 27 VOUT 7.500000E+03
VINM 5 27 1.500000E+02
EOUT 26 23 195 1

VOUT 2350

ROUT 26 3 20

COUT 3 5 1.000000E-12

DOP 19 25 MDTH 400E-12
VOP 4 25 2.242230E+00

DON 24 19 MDTH 400E-12
VON 24 5 7.922301E-01
.ENDS

Voot = +15V, Vi = 0V, Tams = 25°C (unless otherwise specified)

Symbol Conditions Value Unit
Vie 0 mV
AqR = Rk& 100 VimV
I..No Igad, per amplifier 350 oA

Viem -15to +13.5 V
VorRi= k& (Vee+=15V) +13.5 Vv
Vo R=[10k& 5 mV
losVs = F2V, Ve = +15V +40 mA
GBP  |R.= 2k&, C, = 100pF 1.3 MHz
SR R.= 2k&, C, = 100pF 0.4 Vlecs
&7
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

[EEEENR REEN ha/ B
B 2
1, & "]z
|
D
o N o T N e Y Y N
" 1
.
1 7
J J T .1 L2
Millimeters Inches
Dim ensions
Mim. Typ. Max Min. Tvp. Max.
al 0.51 0.0
B T.33 ~ 165 0.055 .06
b 0.5 0.020 5
bl 025 0.010
D ZU
E E5 0.335 078
e 2.54 0.100 -
o3 1524 0.600
F 71
[ 51
L 33 0. 130
—_— 0.28
Z 1.27 2.54 0.050
[3]
0.20
1
010
0
J—
I/ 4




LM124-LM224-LM324

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (S0)

L | G
o 2(\01
f AR [N
) R R -
el — 9 TF
e3 E
D M
nnpoonnan
[ 14 8
w
1 7
uudouuuoy
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
A T.75 [0 X 8135
al 0.1 0.2 U.0U4 (.008
a2 16 0.063
b 0.35 0.46 0.014 0.018
B 0.19 025 0.007 0010
C 0.5 U.020
<l 45° (typ.)
X6 B55 875 0335 0343
E o8 0.2 0228 0.244
=) 1.2¢ [HR0Z510]
e3 7.62 0.300
F{1) 3.8 4.0 0.150 0.157
G 4.6 5.3 0.181 1.208
L 05 1.27 0.020 0.050
M 0.68 0.027
S &" (max.)

Note: (1) D and F do not inchude meld flash or protrusions - Mold tlash or protrusiens shall not exceed 0.15mm {066 inc) ONLY FOR DATA BOOK.
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PACKAGE MECHANICAL DATA

14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)

= 0.25mm | y
ﬁ¥ 010 inchﬂi— —|
= GAGE PLAR
- ‘ e
w ~—
., O3
g
u
A E
_ T
(i "] -
i * I T —
o IL] o
I " ] 1T
= - = N ==
I- E 14 O ;1
[ i T
l] PIN 1 IDENTIFICATIOﬁ
Millimeters Inches
Dimensions
Min. Typ. Max, Min. Typ. Max.
A 1.20 0.05
Al 0.05 0.15 0.01 0.006
A2 0.80 1.00 T.05 0.031 0.039 0.041
0.19 0.30 0.007 015
c 0.09 0.20 0.003 0.012
D 490 5.00 510 0.192 0.19 0.20
E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0173 177
) 0.65 0.025
k 0° 8° 0° 8°
L 0.450 0.600 0.750 0.018 0.024 0.030
L1 1.00 0.039
aaa 0.100 0.004

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may resnlt from

its use. No license is gronted by implication or otherwise under any patent or patent rights of STRlicroelectronics. Specifications

mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMlicroelectronics products are not authorized for use as critical components in life support devices or
systems without express written approval of STMicroelectronics.

< The ST logo is 2 registered trademark of STMicroelectronics

€ 2001 STMicroelectronics - Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States
< http://www.st.com

&7







Y

4. Datasheets and details of the ICs used

4.4. 8031

8051: Types of Memory

The 8051 has three very general types of memory. To effectively program
the 8051 it is necessary to have a basic understanding of these memory

types

Figure 4.4.1
On-Chip Memory refers to any memory (Code, RAM, or other) that
physically exists on the microcontroller itself. On-chip memory can be of

several types,
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Y

1. External Code Memory is code (or program) memory that resides

off-chip. This is often in the form of an external EPROM,

2. External RAM is RAM memory that resides off chip. This is i
often in the form of standard static RAM or flash RAM.

Code memory |

\
It is the memory that holds the actual 8051 program that is to be run. This ‘ "

memory is limited to 64K and comes in many shapes and sizes: Code | |‘E’
memory may be found on-chip, either burned into the microcontroller as |
ROM or EPROM. Code may also be stored i
completely off-chip in an external ROM or, more commonly, an external )

EPROM. Flash RAM is also another popular method of storing a program.

Various combinations of these memory types may also be used--that is to
say, it is possible to have 4K of code memory on-chip and 64k of code iqi
memory off-chip in an EPROM. “
When the program is stored on-chip the 64K maximum is often reduced to ' :-'!@
4k, 8k, or 16k. | )
This varies depending on the version of the chip that is being used. Each [JI
version offers specific capabilities and one of the distinguishing factors from i

chip to chip is how much ROM/EPROM space the chip has. However, code

memory is most commonly implemented as off-chip EPROM. This is

especially true in low-cost development systems and in systems developed

by students.
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External RAM | | 1

As an obvious opposite of Internal RAM, the 8051 also supports what is ‘!1 i
called External RAM. As the name suggests, External RAM is any random

access memory which is found off-chip. i

Since the memory is off-chip it is not as flexible in terms of accessing, and is

also slower. For example, to increment an Internal RAM location by 1

requires only 1 instruction and 1 instruction cycle. To increment a 1-byte

value stored in External RAM requires 4 instructions and 7 instruction

cycles. In this case, external memory is 7 times slower!

What External RAM loses in speed and flexibility it gains in quantity. While Al
Internal RAM is limited to 128 bytes the 8051 supports External RAM up to ) Il‘
: |

64K. I

On-Chip Memory

8051 includes a certain amount of on-chip memory. On-chip memory is

really one of two SFR) memory. The layout of the 8051's internal memory is

presented in the following memory

map: i
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IRAM Description

Addr

aa Reg. Bank
a8 Reg. Bank 1
18 Reg. Bank 2
18 Heg. Bank 3
28 Bits B68-3F
28 Bits 468-7F

38
General User BAM : h
& Stack Space ; ?;Hﬁla]
(8@ bytes, 3IBh-7Fh> §

7F

RP Special Function
- Registers <(SFRs2 SFRs
= (8Bh - FFh>

Figure 4.4.2

The 8051 has a bank of 128 bytes of Internal RAM. This Internal RAM is
found on-chip on the 8051 so it is the fastest RAM available.

It is also the most flexible in terms of reading, writing and modifying it’s
contents. Internal RAM is volatile, so when the 8051 is reset this memory is
cleared.

The 128 bytes of internal ram is subdivided as shown on the memory map.
The first 8 bytes (00h - 07h) are "register bank 0". By manipulating certain
SFRs, a program may choose to use register banks 1, 2, or 3. These

alternative register banks are located in internal RAM in addresses 08h
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through 1Fh. Bit memory actually resides in internal RAM, from Al ]
addresses 20h through 2Fh. o 1.;.
The. 80 bytes remaining of Internal RAM, from addresses 30h through 7Fh, : f!

may be used by user variables that need to be accessed frequently or at high-
speed.This area  is also utilized by the microcontroller as a storage area
for the operating

stack. |

Register Banks

The 8051 uses 8 "R" registers which are used in many of its instructions.
These "R" registers are numbered from 0 through 7 (RO, R1,R2, R3, R4, RS,
R6, and R7). These registers are generally used to assist in manipulating
values and moving data from one memory location to another. For example,
to add the value of R4 to

the Accumulator, we would execute the following instruction: Al

ADD AR4

However, as the memory map shows, the "R" Register R4 is really part of
Internal RAM. Specifically, R4 is address 04h. This can be see in the bright

green section of the memory map. Thus the above instruction accomplishes

the same thing as the following operation: | |

ADD A,04h
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This instruction adds the value found in Internal RAM address 04h to the
value of the Accumulator, leaving the result in the Accumulator. Since R4 is
really Internal RAM 04h, the above

k instruction effectively accomplished the same thing.

The 8051 has four distinct register banks. When the 8051 is first booted up,

register bank 0 (addresses 00h through 07h) is used by default. However,
your program may instruct the 8051 to use one of the alternate register
banks; i.e. register banks 1, 2, or 3. In this case, R4 will no longer be the
same as Internal RAM address 04h. .

For example, if your program instructs the 8051 to use register bank 3, "R"

register R4 will now be synonomous with Internal RAM address 1Ch.

The concept of register banks adds a great level of flexibility to the 8051,

especially when dealing with interrupts. |

Bit Memory !

The 8051, being a communications-oriented microcontroller, gives the
user the ability to access a number of bit variables. These variables may be
either 1 or 0.

There are 128 bit variables available to the user, numbered 00h through 7Fh.
The user may make use of these variables with commands such as SETB and
CLR. It is important to note that Bit Memory is really a part of Internal
RAM. In fact, the 128 bit

variables occupy the 16 bytes of Internal RAM from 20h through 2Fh. But

since the 8051 provides special instructions to access these 16 bytes of
memory on a bit by bit basis it is useful to think of it as a separate type of |

memory. However, always keep in mind that it is just a subset of Internal |




RAM—and that operations performed on Internal RAM can change the
values of the bit variables.

Bit variables 00h through 7Fh are for user- defined functions in their
programs. However, bit variables 80h and above are actually used to access
certain SFRs on a bit-by-bit basis. For example, if output lines P0.0 through
P0.7 are all clear (0) and you want to turn on the P0.0 output line you may
either execute:

MOV P0#01h || SETB 80h

Both these instructions accomplish the same thing. However, using the
SETB command will turn on the P0.0 line without effecting the status of any
of the other PO output lines. The MOV command effectively turns off all the

other output lines which, in some cases, may not be acceptable.

Special Function Register (SFR) Memory

Special Function Registers (SFRs) are areas of memory that control specific
functionality of the 8051 processor. For example, four SFRs permit access to
the 8051°s 32 input/output lines.

Another SFR allows a program to read or write to the 8051’s serial port.
Other SFRs allow the user to set the serial baud rate, control and access
timers, and configure the 8051°s interrupt system.

When programming, SFRs have the illusion of being Internal Memory. For
example, if you want to write the value "1" to Internal RAM location 50 hex

you would execute the instruction:

MOV 50h,#01h
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Similarly, if you want to write the value "1" to the 8051°s serial port you
would write this value tothe ~ SBUF SFR, which has an SFR address of 99
Hex. Thus, to write the value "1" to the serial

port you would execute the instruction:

MOV 99h,#01h

As you can see, it appears that the SFR is part of Internal Memory. This is
not the case. When using this method of memory access (it’s called direct
address), any instruction that has an address of 00h through 7Fh refers to an
Internal RAM memory address; any instruction with an address of 80h
through FFh refers to an SFR

control register.

8051: SFRs

The 8051 is a flexible microcontroller with a relatively large
number of modes of operations. Your program may inspect and/or
change the operating mode of the 8051 by manipulating the values
of the 8051's Special Function Registers (SFRs).

SFRs are accessed as if they were normal Internal RAM. The only
difference is that Internal RAM is from address 00h through 7Fh
whereas SFR registers exist in the address range of 80h through
FFh.

Each SFR has an address (80h through FFh) and a name. The




T

tollowing chart provides a graphical presentation of the 8051's

SFRs, their names, and their address.

86
88
98
78
na
1]
BA
J11]
Ga
8
117
D8
EB
ES
r@a
F8

Figure 4.4.3

sp | DPL 1 DPH | PCON
Tvop | TLO | TLi | TA@ | Thi|
SBUF |

5

Blue background are I/0 port SFRs
Yellow background are control SFRs
Green blackground are other SFRs

87
8F
22
9F
n?
AF
B?
B?
G?
CF
D?
DF
E?
EF
F?
FF

As you can see, although the address range of 80h through FFh offer 128

possible addresses, there are only 21 SFRs in a standard
8051. All other addresses in the SFR range (80h through FFh) are considered

invalid. Writing to or reading from these registers may produce undefined

values or behavior.

SFR Types

As mentioned in the chart itself, the SFRs that have a blue background are
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SFRs related to the 1/0 ports. The 8051 has four I/O ports of 8 bits, for a
total of 32 I/O lines. Whether a given I/O line is high or low and the value

read from the line are controlled by the SFRs in green.
The SFRs with yellow backgrounds are SFRs which in some way control the .
operation or the configuration of some aspect of the 8051. For example, |
TCON controls the timers, SCON controls the serial port. e
The remaining SFRs, with green backgrounds, are "other SFRs." These
SFRs can be thought of as auxillary SFRs in the sense that

they don't directly configure the 8051 but obviously the 8051 cannot operate

without them. For example, once the serial port has been configured using
SCON, the program may read or writc to the :
serial port using the SBUF register. | il

SFR Descriptions

This section will endeavor to quickly overview each of the standard SFRs

found in the above SFR chart map. It is not the intention of this section to

fully explain the functionality of each SFR--this information will be covered
in separate
chapters of the tutorial. This section is to just give you a general idea of what 8|

each SFR does. ‘
|
|
|
|
|
|

PO (Port 0, Address 80h, Bit-Addressable):

This is input/output port 0. Each bit of this SFR corresponds to one of the !
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pins on the microcontroller. For example, bit 0 of port 0 is pin P0.0, bit 7 is ‘
i
|




the corresponding 1/0 pin whereas a value of 0 will bring it to a low level.

!
pin P0.7. Writing a value of 1 to a bit of this SFR will send a high level on Hh
SP (Stack Pointer, Address 81h):

This is the stack pointer of the microcontroller. This SFR indicates where the

next value to be taken from the stack will be read from in Internal RAM, If

you push a value onto the stack, the value will be written to the address of |
SP + 1. That is to say, if SP holds the value 07h, a PUSH instruction will b
push the value onto the stack at address 08h. This SFR is modified by all e
instructions which modify the stack, such as PUSH, POP, RET, RETI, and

whenever interrupts are provoked by the microcontroller.

DPL/DPH (Data Pointer Low/High, Addresses82h/83h):

i

|
The SFRs DPL and DPH work together to represent a 16-bit value called the i
Data Pointer. The data pointer is used in operations regarding external RAM

and some instructions involving code memory. Since it is an unsigned two-

byte integer value, it can represent values from 0000h to FFFFh (0 through | i
65,535 decimal).

PCON (Power Control, Addresses 87h): o

The Power Control SFR is used to control the 8051's power control modes.
Certain operation modes of the 8051 allow the 8051 to go into a type of
"sleep" mode which requires much less power. These modes of operation are
controlled through PCON. Additionally, one of the bits in PCON is used to
double the effective baud rate of the 8051's serial port.
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TCON (Timer Control, Addresses 88h, Bit-Addressable):

The Timer Control SFR is used to configure and modify the way in which

the 8051's two timers operate. This SFR controls whether each of the two 5

timers is running or stopped and contains a flag to indicate that each timer

has overflowed. Additionally, some non-timer related bits are located in the

TCON SFR. These bits are used to configure the way in which the external
interrupts are activated and also contain the external interrupt flags which

are set when an external interrupt has occurred.

TMOD (Timer Mode, Addresses 89h):

The Timer Mode SFR is used to configure the mode of operation of each of

the two timers. Using this SFR your program may configure each timer to be

a 16-bit timer, an 8-bit autorcload timer, a 13-bit timer, or two separate :'5:‘

timers. Additionally, you may configure the timers to only count when an

external pin is activated or to count "events" that are indicated on an externai

pin,

TLO/THO (Timer 0 Low/High, Addresses 8Ah/8Bh):

These two SFRs, taken together, represent timer 0. Their exact behavior
depends on how the timer is configured in the TMOD SFR; however, these 5 i

timers always count up. What is configurable is how and when they 1

increment in value, _ 0

TL1/TH1 (Timer 1 Low/High, Addresses 8Ch/8Dh):
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These two SFRs, taken together, represent timer 1. Their exact behavior
depends on how the timer is configured in the TMOD SFR; however, these

timers always count up. What is configurable is how and when they

increment in value.

P1 (Port 1, Address 90h, Bit-Addressable): i ;

This is input/output port 1. Each bit of this SFR corresponds to one of the
pins on the microcontroller. For example, bit 0 of port 1 is pin P1.0, bit 7 is
pin P1.7. Writing a value of 1 to a bit of this SFR will send a high level on I

the corresponding I/O pin whereas a value of 0 will bring it to a low level. {ilds

SCON (Serial Control, Addresses 98h, Bit-Addressable):

The Serial Control SFR is used to configure the behavior of the 8051's on-
board serial port. This SFR controls the baud rate of the serial port, whether

the serial port is activated to receive data, and also contains flags that are set

when a byte is successfully sent or received.

SBUF (Serial Control, Addresses 99h): il |
|

The Serial Buffer SFR is used to send and receive data via the on-board
serial port. Any value written to SBUF will be sent out the serial port's TXD
pin. Likewise, any value which the 8051 receives via the serial port's RXD

pin will be delivered to the user program via SBUF. In other words, SBUI'
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serves as the output port when written to and as an input port when read-

from.

P2 (Port 2, Address AOh, Bit-Addressable):

This is input/output port 2. Each bit of this SFR corresponds to one of the
pins on the microcontroller. For example, bit 0 of port 2 is pin P2.0, bit 7 is
pin P2.7. Writing a value of 1 to a bit of this SFR will send a high level on

the corresponding I/0 pin whereas a value of 0 will bring it to a low level.

IE (Interrupt Enable, Addresses A8h):

The Interrupt Enable SFR is used to enable and disable specific interrupts.
The low 7 bits of the SFR are used to enable/disable the specific interrupts,
where as the highest bit is used to enable or disable ALL interrupts. Thus, if
the high bit of IE is 0 all interrupts are disabled regardless of whether an

individual interrupt is cnabled by setting a lower bit.

P3 (Port 3, Address BOh, Bit-Addressable):

This is input/output port 3. Each bit of this SFR corresponds to one of the
pins on the microcontroller. For example, bit 0 of port 3 is pin P3.0, bit 7 is
pin P3.7. Writing a value of 1 to a bit of this SFR will send a high level on

the corresponding 1/0 pin whereas a value of 0 will bring it to a low level.
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IP (Interrupt Priority, Addresses B8h, Bit-Addressable):

The Interrupt Priority SFR is used to specify the relative priority of each
interrupt. On the 8051, an interrupt may either be of low (0) priority or high

(1) priority. An interrupt may only interrupt interrupts of lower priority. For

example, if we configure the 8051 so that all interrupts are of low priority I
except the serial interrupt, the serial interrupt will always i
be able to interrupt the system, even if another interrupt is currently
executing. However, if a serial interrupt is executing no other interrupt will
be able to interrupt the serial interrupt routine since the serial interrupt

routine has the highest priority.

PSW (Program Status Word, Addresses DOh, Bit-Addressable):

The Program Status Word is used to store a number of important bits that are
set and cleared by 8051 instructions. The PSW SFR contains the carry flag,
the auxiliary carry flag, the overflow flag, and the parity flag. Additionally, g :
the PSW register contains the register bank select flags which are used to |

select which of the "R" register banks are currently selected.

|
8051: Basic Registers | |
The Accumulator

The Accumulator, as it’s name suggests, is used as a general register to

accumulate the results of a large number of instructions. It can hold an 8-bit

(1-byte) value and is the most versatile register the 8051 has due to the shear




number of instructions that make use of the accumulator. More than half of BRI

the 8051°s 255 instructions manipulate or use the accumulator in some way.
If you want to add the number 10 and 20, the resulting 30 will be stored in
the Accumulator. Once you have a value in the Accumulator you may
continue processing the value or you may store it in another register or in

memory.

The "R" registers I

The "R" registers are a set of eight registers that are named R0, R1, etc. up to : : uk [i
and including R7. These registers are used as auxiliary registers in many Pl
operations. To continue with the above example, perhaps you are adding 10 | ;
and 20. The original number 10 may be stored in the Accumulator whereas |
the value 20 may be stored in, say, register R4. To process the addition we
would execute the command:

ADD A R4

MOV A,R3 , i
ADD A,R4 |
MOV RS5,A : }
MOV ARI
ADD A,R2 B
SUBB AR5 ﬁ

:Move the value of R3 into the accumulator
;Add the value of R4

|

L !

;Store the resulting value temporarily in RS - ‘
i

|
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:Move the value of R1 into the accumulator J i
EE

;Add the value of R2 |

;Subtract the vatue of RS (which now contains R3 + R4)

As we can see, we used RS to temporarily hold the sum of R3 and R4. This e

isn’t the most efficient way to calculate.

Accumulator will contain the value 30.

You may think of the "R" registers as very important auxillary, or "helper”,
registers. The Accumulator alone would not be very useful if it were not for
these "R" registers. The "R" registers are aiso used to temporarily store
values. For example, let’s say you want to add the values in R1 and R2
together and then subtract the values of R3 and R4. One way to do this
would be:

(R1+R2) - (R3 +R4) but it does illustrate the use of the "R" registers as a

way to store values temporarily.

The "B'" Register

The "B" register is very similar to the Accumulator in the sense that it may
hold an 8-bit (1-byte) value. The "B" register is only used by two 8051
instructions: MUL AB and DIV AB. Thus, if you want to quickly and easily
multiply or divide A by another number, you may store the other number in
"B" and make use of these two instructions. Aside from the MUL and DIV

instructions, the "B" register is often used as yet another temporary storage

register much like a ninth "R" register.
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The Data Pointer (DPTR) ' e

The Data Pointer (DPTR) is the 8051°s only user-accessible 16-bit (2-byte) i

register. The Accumulator, "R" registers, and "B" register are all 1-byte

values. DP'TR, as the name suggests, is used to point to data. It is used by a

number of commands which allow the 8051 to access external memory. j
When the 8051 accesses external memory it will access external memory at

the address indicated by DPTR.

While DPTR is most often used to point to data in external memory, many
programmers often take advantage of the fact that it’s the only true 16- bit
register available. It is often used to store 2- byte values which have nothing T |

to do with memory locations.

THE PROGAM COUNTER (PC):

The Program Counter (PC) is a 2-byte address which tells the 8051 where v
the next instruction to execute is found in memory. When the 8051 is |
initialized PC always starts at 0000h and is incremented each time an | |
instruction is executed. It is important to note that PC isn’t always i
incremented by one. Since some instructions require 2 or 3 bytes the PC will i
be incremented by 2 or 3 in these cases. The Program Counter is special in
that there is no way to directly modify its value. That is to say, you can’t do
something like PC=2430h.
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THE STACK POINTER (SP):

The Stack Pointer, like all registers except DPTR and PC, may hold an 8-bit B
(1-byte) value. The Stack Pointer is used to indicate where the next value to

be removed from the stack should be taken from. When you push a value

onto the stack, the8051 first increments the value of SP and the stores the Ak
value at the resulting memory location. When you pop a value off the stack, |

the 8051 returns the value from the memory location indicated by SP, and

then decrements the value of SP. This order of operation is important. When

the 8051 1s initialized SP will be initialized to 07h.
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4.5. INSTALLATION GUIDE FOR THE PROGRAMMER
KIT

) Back ~ Search Folders

E:iphyton_setup_software

i
G !
O
|
Bl
i

STEP 1:

Insert the Compact Disk into the CD-ROM. You will have the above page popped up for
you as soon as you insert the CD. Click on the first option to continue with the

installation i.e. Install ChipProg+.
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Pleass read the folowing beense agrzement carsfuly

2 e
‘_J“ £ Py, . Moyl and Devsbprnols et Py s e sy
e

softwate 1o you onk upon the condtion that you aceept o the lerms contaned i the boense
agieement Please 1ead the lems carefuly befove confinupginslalfon, a5 pressing e "yes'
: buton vl indcale your assentlothem. 1 you do nok aree o these lems, please ptess the ‘o

budlon fo eat sl
. { arcept he tems of the beense agreement
| ook acospt the tems of the ferse agesment
Ery
N
j ; %
STEP 2:

Carefully read and accordingly accept or reject the License agreement specified by the
Phyton Inc. Microsystems. If you assert with them select the first check box i.e. accept to
continue the installation else if you disagree you can stop the installation at that very

moment.
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S i
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 Bak v Search Flders  1'iv |
E:\phyton_setup_software
G 't
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;.155’:12_-,.[’,‘- Eylon Cmprrogs Brogrammeny. s, ; i
4 a e | :
(& § Insaltion Foler g
At
5@ Please choose the folder to install Phgton ChipProg+ Programmer befow. If the folder specified does nat ‘
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il
|
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Hals |
| |
| It
4 ,{ Esil - Back | \ Instal i ‘
.'5."5:: | il
AT |
:_-_l_'1‘=- ||
I
i

|
STEP 3: |

Select the folder where you want to install Phyton ChipProg+ programmer. If folder i

specified does not exist then it will be created. Browse of you want to change the default

path.
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R |
| .-ufl, !‘

C:\Documents and SettingsACUMEMDeskic & ) W
L R

bttt Fregras

C:\Program Files\Uprognthd_26_OMFG\PariAslabus.me

<

[
T e
i

1
\
1
|
Bak v ‘ sewth s | - o
i I LA
|
i

[
&

i |
R |
‘ j |
I
: LRI |
|1 Cowa | S
" 1
: 1‘
|
P
0o
|
|
3

. ‘
-t _ o B - B TR
it G

e
R i iE
1 Lo - 1 o

. L | . N

FEN ; : #) il
- ik 2 2 S P !

[
N

STEP 4: o

Wait tiil the automatic installation continues. If you wish to stop installation in between -

click on cancel. :
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[
L

Fle Vew Configws Commands Serpts Window Heb

EEE N v oA Lhedy Proge e

turm Select Device el ATEICS!

Addr Load Seve ConfiqueBuffer Setup  View Block PlogranManager Dptiors 4 s
Fie: None
Checksum: 00CFFO00 Butter
00000000h: FF FF FF FF FF FF PF FF|yVyvyyiy Bulfes 80: Code (128K), bytes
(0000008h: EF FF FF FF FF FF FF FF|yVyyyiyyy
(¢0000010h: FF FF FF FF FF FF FF FFiyyyyyyyy : e
00000018h: FF FF EF FF FF EF FF FP|yyyyyyyy Progeam l\wﬁ Execule
00000020h: FF FF FF FF FF FF FF FEIVVVYVVVY Read .
g - - Veily Fiepelitians:
e Erase 1
Al Dsfaul ks
elau Auto Frogramming T Y
Nare . Valie . Desmptm P Edil duto... _
' - 7 Help
Algovithra “Polling"  Programming algoiithm e
Ve 1200¥  High program vokage
Ve BO0Y  Power supply voltage
Device: Rtmel ATHICEL
Adapter(s): TIP: None
PLOT: AR-P44-151 Eiaeh Chezbing cais
TQFP; AE-T44-151
Socketl sclme :
= Device: start: 0 Deviceend (WFFF
Buffer start: O
[ade124%
af
.Dri\_(erv l_on:1. Haﬂwal_g\_ersim1.00,_Dﬁversnmilorveism1.ﬂﬂ N _ www.phyton.con

+

! 1 @, P
. : : . T ] H i
;- R . i

a5
STEP 5:

Start-> All Programs—>Python ChipProg+ Programmer 4.26.00-> Phyton ChipProg+
to open the following frame in order to load the test file. Select the device i.e. the chip to
be programmed from the drop down box. The Socket Scheme specifies the way to insert

the chip into the programmer. Insert the chip into the programmer.




H
P

Ko A e S
Fie view Coofigwe Commands Scripts Window Help
g A
Almel ATBICSY
UUUUBULUR: FE FE FF FE FF FY FE OFE|YYYYYYYY Blark check e
00000018h; EF FF FF FF FF FF FF FF|yyyyyviy Progam ‘ Stop 1
00000020h: FF FF FF FF FF EF FF EF|yyyV¥yyy Read e !
o — Verly Repetilions:
= Erase i L
Dot ' + Lock Bits y
elau Auo Prograrming ey T
Mame Vaue  Dessiplon P Bl g
Algcrfilhm . "Poling” Prdgramhhgalgoﬁthn ;
Yoo 1200V High program vokage
Ve 500V Power supph volage N
|
Bl
Davice: Amel ATBEICS] ‘F

Adapter(s): D[IRF: Hone

PLOC: AE-P44-151

TOEF: AE-T44-151 !
Socket schems R "

Device starl: 0 Device end DxFFF _' '

Buffer start: 0 S b

Cude 128K} byl o

Bl Chack g cells

ar

Devic: ., Diives vessions 1,00, Hardware version: 1.00, Diivers monkor version: 1.00 _ o wew, phytan con

L& DEEAD)» LI N )

STEP 6: i |

Click on “check” tab in order to check whether the chip is empty or not. If not erase it via i

the “erase” tab. o
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1
|
.\Ieaf Device  AmelATE3CS! |
Addr Load Save CofigureBuffer [ iis R e ] |
File: None 5 : |
Checksum: 000FFODD ; !
00000000h: EF FF FF FF FF, Bl
p0000008Bh: FF FF FF FF FF -
00000010h: FF FF FF FF FF ! .
00000018h: FF FE FF FE EFF : ‘\ﬂ Execule
00000020h: FF FF FF FF PE, Standad/Esended Intel HEX[*he) Buifer 40
5 Binaty image (*.bin) Frepetiions:
v i Motorola S-record [* hex”.s:* mot) 1
| POF [:pof
Nare Vaus .. Desciptiond . (. JEDECFied] 25l
¢ PRG[pg) [ Hep |
- [ : ]
Algmllhm Polling' P[ogiarmnrf Hokek OTP (ol |
Vpp 1200V High progré Cods [123K1.b |
il 500V Povier supf Angstrem SAV [* sav) e (128K], byles |
Start addiess for binary image: l’
: Offct i loating acdioseex 0 ?
Device:
Adapter(s): 7 5
v/ oK [ 3 Cancel | 7 Help '
“he ‘
Device stail: 0 Device end: OxFFF ;
Buffer start: 0 |
(123 |
1

wiww.phyton.com

00 AR N

}{ff;i :
STEP 7:

Click on the button highlighted by the ellipse in order to load your file onto the
microcontroller. Select the file format that you wish to load on the microcontroller and

specify the offset for loading address. Click on “OK” once you are through with the

selection.




[
[ i)
H

Fﬂ;';fsew Configure Cﬁfnmands Scﬂﬁts thow I-'ebr

G o ¢ A Crieck Proar Verity B pasy Ao

npSelect Device  AmelATESCS!
00000008h: 75 81 07 12 00 C6 ES 82|uO00 3,
00000010h: 60 03 02 00 03 79 00 E9|'00 Oy & Y N
00000018h: 44 00 60 1B 7A 00 90 00(D “Oz O Progan EQMQEmqu
00000020h: CA 78 00 75 AD 00 B4 93(Bx u & . Read T

— — Veily Rzpetitons:
1! Erase i
ADemt + Lock Bis
BraU Aulo Programiving T

Nare Ve Desciplion » EdtAo..

Algoithm "Poling’  Prograniing dgoiitm e

Ypp 1200V High program voltage

Ve BOAY  Power supply voltage
Device: Atwmel ATBACH1
Adapter(s): ODIPF: Hone

PLOC: AE-P44-151 ok thesfi 5
To¥E: AE-T44-151
Socket sohops
5 Device end (WFFF
Ruffe start: 0

Cads 123,

or

. Drves versioer 1.0, Hardware version: 1.00, Divers monilor version: 1.00 _ vy, phyten.com

A - iy o Ulr 39

STEP 8:

After the file is loaded successfully we get the message specified by the one in ellipse.

In case of failure the etror along with its description is reported accordingly.
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é‘ e
Fle Vew
t A
Atme! AT83C51
00000008h: 75 81 07 12 00 C6 E5 82|u0l00 %4, o
00000010h: 60 03 02 DO 03 79 00 E9|°O0 Oy & Blark check
00000018h: 44 00 60 1B 7A 00 90 00|D ‘Dz O Frogam ] ks
00000020h: CA 78 00 75 AD 00 E4 93|fx u &* Read B
T - Veiify Repetlions:
i Erase 1
Al Defaut gy
eiau Auto Programming T raas |
Nare Vee  Descipton | Edthua..
. s | |? HEIQ
AMgorithm “Poling"  Programming algorithm —
1200Y  High program vohage
Ve 500V Power supply voltage
Device: 1 ATR9CS]

Adapter (s):

Socket  sc

10k

Blank Checking cells

Device stat: 0
Buffer statt 0

4

Code [128 K], bytes

Device: Hardware versior: 1.00, Drivers monitor version: 1.00 : o on con
! . LonnrLY
STEP 9:

Click on execute in order to perform the list of functions specified in the red elliptical

portion. While the program is being burned we sce its progress in the Operation Progress

specified in the black elliptical portion.




'Filre View Configure Commands Scripts Window Help
o v

et Select Device A ATSCS1

00000008h: 75 81 67 12 00 C6 ES 82|ulO0 34,
t0000010h: 60 03 02 0C 03 79 00 E9| 00 Oy é
(0000018h: 44 00 60 1B 7A 00 90 Q0D "0z D
00000020h: CA 78 DD 75 AG 00 B4 93|Ex u &*

o

All Detault
Mame Value  Descaiption 7
Alguithm "Fdli';j" Progiarnmng algmthm
Vep 1200%  High program voftage
iz B0V Power suppl voltage
Device: Atmel ATHICSL

Adapter(s): DIF: None

PLOC: AE-P44-151

FOFL: AE-T44-151
Sockat sl

Program
Read
Veiify
Erase
+ Lock Bits
Ao Programming

Blark: Cherkirg calls

Device stat:

Devce end: OxFFF
Buffer start 0
Code (128K} byte:

STEP 10:

s, phylon. con

AR LT

Prior to the burning we get the message accordingly specifying the operation as

successful or failure and if failure then specifying the reason as highlighted.
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5. THE ALGORITHM FOR LINE FOLLOWER

V]

iy s At89c51 il

—
e,
4]
W
O

@] |

Figure 5..1

Coming back to the basic block diagram.

In our vehicle we are going to mount a Sensor Array- 6 IR sensors and LEDs
facing the ground.

The output of the sensors is an analog signal which depends on the amount
of light reflected back, this analog signal is given to the comparator to
produce 0s and 1s which are then fed to the pC.

Now the microcontroller processes this output produced by the sensor array

and provides the signal to motor driver to control the motion of the vechicle.
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5.1. ALGORITHM

Sensor array:

3 S N

Sensor on line - reads 0

Sensor off line — reads 1

Ideal position:
When the line is located at the centre of the array

L3 1.2 1 R1 2 3

So the microcontroller decides the next move to position the robot

such that L1 and R1 reads 0 and the rest reads 1

Let, L V=lefimost sensor which reads 0,
RV=rightmost sensor which reads 0.
If no sensor on left (or right) is 0, then LV (or RV)=0.

For example:
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1.3 L2 L1 1 2 3

LV=2
RV=4

If all sensor read 1,, then we are encountered with a condition of NO LINE.
else,
if LV>RV, move right
if LV<RV, move left
if LV=RV, move foward

then again read the sensor data , and perform the steps again.

Now in case of NO LINE condition, the success of finding the line is more

or less a matter of fluke.

There are two options in case of no line: | ~=
Option 1: s
- Move Clockwise if line was last seen on Right 1
-Move Counter Clockwise if line was last seen on Left ] §
Until line is found.

But as we can suggest this way is not very reliable
Option 2:

mentioned in section 5.1.A
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"~ 5.1.A HYBRIDIZATION THROUGH HUMAN INSIGHT

Option 2:

Human interference, which basically mean enlightening the robot with
human knowledge of the field in which line is located.

Now, we proposed a hybrid of the two options, in which the robot would
follow option one for a fixed amount of time, and if during that period the
robot is not able to locate the line, then it would take the input for human
controller in the form of the probable direction of the line, and then move
in that direction.

In our model the proximity of this human controller to the robot doesn’t
matter, because the input would be given through a GSM network.

We also propose to mount a GPS receiver on the robot, and this receiver
would converge the 3D location information of the vehicle in the form of
longitude, latitude and altitude.

This information would be sent to the human controller through the GSM
network, using the 16 distinct DTMF tones.

And the human controller will then analyze the position of the vehicle
through the received coordinates, compare the previously received position
coordinated and will try to manunally determine the nearest coordinates
coinciding with the lost path.

Controller will then accordingly guide the robot in the direction of the line
by controlling the direction of its motion by pressing the appropriate

buttons for producing the desired DTMF tone.

141

G T awe ek B Thbd R T s o

Wiksh . o7

BRI

1




5.1.B. HYBRIDIZATION THROUGH ALGORITHM DESIGN

One more thing that adds to hybrid nature of this vehicle is its ability of

the algorithm to independently determine the degree of curvature of the »
line and then automatically making a decision as to which mode of s
turning to adopt.

Whether to take a normal turn or a sharp turn

In normal a left turn the left wheels will be activated by the forward
current to the left motor and right wheels will be deactivated.

But in a sharp left turn the left wheels are activated in forward direction
and the right wheels in backward direction.

Therefore the chances of loosing the line while traversing due to any
unexpected sharp curvatures in the line would be reduced further by
making these amendments to the algorithm.

This can be implemented in the algorithm design by comparing the
current sensor data with the previous sensor data and if there is a change
of more than one sensor value in a single iteration then calling the
algorithm block for sharp turn, otherwise calling the block for normal

turn,
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5.2. PROPOSED CODE FOR LINE FOLLOWERIN C:

#include<at89x51.h> //microcontroller header file for at89sxx

sensor array configuration
#define R3 PO 7
#define R2 P0_6
#define R1 PO 5
#define L1 PO 4
#define L2 PO 3
#define L3 PO 2

//L293D configuration
#define ENI2 P2 0
#define EN34 P2 1
#define INI P2 2
Hdefine IN2 P2 3
#define IN3 P2 4
#define IN¢ P2 5

// IR led configration

#define Rlled Pl 0
#define R2led Pl 1
#idefine R3led Pl 2
#define Liled Pl 3
#define L2led Pl 4
#define L3led Pl 5

H#define LV 0 //leftmost sensor that reads 0
#define RV 0 //rightmost sensor that reads (

void delay(int);
void time Ims();
void forward(void);
void reverse(void), ‘
void turnl(void);
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void turnr(void);
void brake(void);

//main program sensor detection and respective movements
void main (void)

{
P1=0x00;\\configuring port 1 for output

Pl 0=I;
Pl I=1;
Pl 2=1I;
PI 3=];
Pl 4=1;
Pl 5=1I;

PO=0xFF\\configuring port 0 for input

Sforwardy(),;
delay(3);

while(l)
{

iftP0_4==0)
LV=I;

else if(P0 3==0)
LV=2;

else if(P0_2==()
LV=3;

else if(P0_5==0)
LV=4;

else ifP0_6==0)
LV=35;

else if(P0_7==0)
LV=6;

else

Lv=0,
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if(PO_7==0)
RV=1;

else if(P0_6==0)
RV=2;

else if(P0_5==0)
RV=3;

else if(P0 2==()
RV=4;

else if(P0_3==()
RV=5;

else if(P0_4==()
RV=6;

else

RV=0;

ifllV==3 && RV==3)
{

Jorward();

delay(3);

}

else if(LV<RYV)
{

turnl();
delay(3); &
/ R

else if(LV>RV)
{

turnr();
delay(3);

/

/*else if(LV==0 && RV==0)
{

no line code, human interfacing through GSM
F

/
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void forward(void)
/

ENI2=1;
EN34=1;

INI=1;

IN2=0;

IN3=1;

IN4=0;

/

void reverse(void)
{

ENI2=1;
EN34=1;

INI=1;

IN2=0;

IN3=1;

IN4=0;

/

void turnl(void)
{

ENI2=1;
EN34=1;
INI=0;

IN2=1;

IN3=1;

IN4=0,

/
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void turnr(void)
/

ENI12=1;
EN34=1,;
INI=1;

IN2=0;

IN3=0;

IN4=1;

/

void brake(void)
{

ENI12=0;
EN34=0;

/

void delay(int n)  /* do nothing n*1ms */
{

int i;

for (i=0; i<n;it++)

timelms();

}

void timelIms() /* 1 ms delay with XTAL 11.0592MHz ¥/
{

int i;
Jor (i = 0; i<1275; i++); // the value shown in this line, 1275 was

calibrated for Ims
// you may change it!
/
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6.ASSEMBLY OF ALL THE MODULES

Module 1: The motor setup driving the wheels of the robot
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Module 2: The IR sensor setup used for detecting the contrast change in
the path and the forbidden area
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Module 3: The microcontroller unit that we programmed to control the
signals coming and going to/from the above two mentioned modules .

L]
[}

L
L

9099.51-19.&._.,"'.
w

| * .
‘ L -
j L s @ .
@ ¢ ¢ <
a v & v 8 Y 'S
: e o 3 a2, ,
: ke R A A ;
! e LR TR }
: - L BRI
? e A A A

¥

* <

153




|
[+
- i
|
! ‘
: s
; |
: 1]
i
E I
i
e
|
|
i
|
i
|

if@@@.

154




Assembly of all the three modules
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7. PROJECT DESIGN

DFD level 1
Power supply

Sensor unit
Control unit

Motor nnit

Prampts
Conuals

!

Path selection ] Path reversal \
Or forward

Figure 6.1
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8. CONCLUSION AND FUTURE IMPROVEMENTS

We successively implemented the two purported phases described in section
3.4 and 3.5 and examined the improvements to be conducted on the basic

model for it to effectively take the appropriate course in no line condition.

GSM controlling
What is GSM?

Global System for Mobile (GSM) is a second generation cellular standard

developed to cater voice services and data delivery using digital modulation

GSM Services
® Tele-services
@® Bearer or Data Services

® Supplementary services

Tele Services
Telecommunication services that enable voice communication via mobile
phones

Olffered services

- Mobile telephony

- Emergency calling

Bearer Services

® Include various data services for information transfer between GSM

and other networks like PSTN, ISDN etc at rates from 300 to 9600

bps




> S

@ Short Message Service (SMS)
— up to 160 character alphanumeric data transmission to/from the
mobile terminal
® Unified Messaging Services(UMS)
® Group 3 fax
® Voice mailbox

® Electronic mail

Supplementary Services
Call related services :
« Call Waiting- Notification of an incoming call while on the handset
« Call Hold- Put a caller on hold to take another call
« Call Barring- All calls, outgoing calls, or incoming calls
» Call Forwarding- Calls can be sent to various numbers defined by the
user
« Multi Party Call Conferencing - Link multiple calls together
« CLIP — Caller line identification presentation
» CLIR — Caller line identification restriction

* CUG - Closed user group

USING OF DTMF IN LINE FOLLOWER

Dual-tone-multi-frequency (DTMF, also known as touch-tone) are the

audible sounds you hear when you press keys on your phone.
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Theory of Operation

In DTMF there are 16 distinct tones. Each tone is the sum of two
frequencies: one from a low and one from a high frequency group. There are
four different frequencies in each group.

Your phone only uses 12 of the possible 16 tones. If you look at your phone,
there are only 4 rows (R1, R2, R3 and R4) and 3 columns (C1, C2 and C3).
The rows and columns select frequencies from the low and high frequency
group respectively. The exact value of the frequencies are listed in Table 3
below:

LOW-FREQUENCIES

ROW # FREQUENCY (HZ)

R1: ROW 0 697

R2: ROW 1 770

R3: ROW 2 852

R4: ROW 3 941

HIGH-FREQUENCIES

COL#  FREQUENCY (HZ)
C1: COL 0 1209

C2: COL1 1336

C3: COL2 1477

C4: COL 3 1633

C4 not used in phones

Thus to decipher what tone frequency is associated with a particular key,
look at your phone again. Each key is specified by its row and column

locations. For example the "2" key is row 0 (R1) and column t (C2). Thus

163




using the above table, "2" has a frequency of 770 + 1336 = 2106 Hz The "9"
is row 2 (R3) and column 2 (C3) and has a frequency of 852 + 1477 = 2329

Hz
A microphone picks up the tones, a preamplifier boosts the signals, an

DTMEF chip decodes the tones and converts it into BCD signal and thus line

follower can respond to it accordingly.
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Figure 7.1
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DTMF (ANALOG) TO BCD (DIGITAL)
CONVERSION

IC 8870 DTMF-BCD CONVERTER
IC 8870 is used in our model for mobile interface. By using this IC we

decode the DTMF pulses from the mobile phone through hands-free port and

by using this IC we convert these pulses into BCD signal.

IC 74154 DEMULTIPLEXER
A demultiplexer (DEMUX) basically reverses the multiplexing function. It

takes digital information from one line and distributes it to a given number
of output lines. For this reason, the demultiplexer is also known as a data
distributor. Decoders can also be used as demultiplexers. A 2" bit
demultiplexer will have ‘n’ number of select lines. There may be special
ports to enable and disable the demultiplexer. In this model, IC 74154, a 16-

pin demultiplexer, is used with 4 select lines.

IC 74154 basically converts the BCD signal into decimal signal for further
use with the microcontroller. It converts the 4-bit data into 16-bit output.
Here in this model there is no use of entire 16 output pins, so we use only 4

output.
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PROBLEMS in DTMF

Amplification Failure — As the input signal is received by the microphone,
it is amplified by a simple circuit before being read by the DTMF receiver
.This means that the receiver can only be in an optimal distance away from
the sender in order to effectively receive the signal and send to the decoder.
Microphone’s Inefficiency — The second problem that arose is that the
microphone seems to be inefficient in picking up asymmetric/low-
amplitude/high-frequency signals. More specifically, the microphone
performs well when it is near the source of the signal. However, as the

distance is increased, the signal is clipped.

CONCLUSION - The extensive research and results have lead to the
recommendation of not using DTMF or acoustical communication as a
method for mobile robot information exchange. Many factors contribute to
the shortfall of this idea. The main factors are, but not limited to, the nature
of sound generation, transmission, degradation through air, amplification
technique, and receiver technology. These limitations are further aggravated
by the mobility of the robots.

Even though DTMF communication is deemed unsuitable as a
communication method for mobile robots, there exist other areas where it
should be more applicable. We propose using DTMF technology in
applications where robots are not mobile but rather a mobile robot
communicating with other stationary devices. For example, in healthcare
(hospital and home environments), a robot that is capable of sending
acoustic commands to turn on/off devices such as light switch or closing
door while letting the user know that the process is taking place will be very

helpful in allowing the user to feel more comfortable around robots.
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GSM Applications
® Mobile telephony
® GSM-R
® Telemetry System

- Fleet management
- Automatic meter reading
- Toll Collection

- Remote control and fault reporting of DG sets

GPS Controlling

What is GPS?

The Global Positioning System (GPS) is a U.S. space-based radio navigation

system that provides reliable positioning, navigation, and timing services to

civilian users on a continuous worldwide basis. For anyone with a GPS

receiver, the system will provide location and time. GPS provides accurate

location and time information for an unlimited number of people in all

weather, day and night, anywhere in the world.

The GPS is made up of threc parts: satellites orbiting the Earth; control and

monitoring stations on Earth; and the GPS receivers owned by users. GPS

satetlites broadcast signals from space that are picked up and identified by i

GPS receivers. Each GPS receiver then provides three-dimensional location

(latitude, longitude, and altitude) plus the time.




Geopositioning -- Basic Concepts
By positioning we understand the determination of stationary or moving fi

objects. These can be determined as follows:

1. In relation to a well-defined coordinate system, usually by three
coordinate values and
2. In relation to other point, taking one point as the origin of a local

coordinate system.

The first mode of positioning is known as point positioning, the second as
relative positioning. If the object to be positioned is stationary, we term it as
static positioning. When the object is moving, we call it kinematics
positioning. Usually, the static positioning is used in surveying and the

kinematics position in navigation.

GPS - Components and Basic Facts

The GPS uses satellites and computers to compute positions anywhere on
carth. The GPS is based on satellite ranging. That means the position on the
earth is determined by measuring the distance from a group of satellites in |
space. The basic principle behind GPS are really simple, even though the
system employs some of the most high-tech equipment ever developed. In |

order to understand GPS basics, the system can be categorised into

FIVE logical Steps

1. Triangulation from the satellite is the basis of the system.
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2. To triangulate, the GPS measures the distance using the travel time of

the radio message.
3. To measure travel time, the GPS need a very accurate clock.

4. Once the distance to a satellite is known, then we need to know where

the satellite is in space.

5. As the GPS signal travels through the ionosphere and the earth's
atmosphere, the signal is delayed.

To compute a positions in three dimensions. We need to have four satellite
measurements. The GPS uses a trigonometric approach to calculate the
positions, The GPS satellites are so high up that their orbits are very
predictable and each of the satellites is equipped with a very accurate atomic

clock.

Components of a GPS

The GPS is divided into three major components

« The Control Segment
« The Space Segments
» The User Segment

The Control Segment

The Control Segment consists of five monitoring stations (Colorado
Springs, Ascesion Island, Diego Garcia, Hawaii, and Kwajalein Island). |

Three of the stations (Ascension, Diego Garcia, and Kwajalein) serve as
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uplink installations, capable of transmitting data to the satellites,
including new ephemerides (satellite positions as a function of time),
clock corrections, and other broadcast message data, while Colorado
Springs serves as the master control station. The Control Segment is the
sole responsibility of the DoD who undertakes construction, launching,
maintenance, and virtually constant performance monitoring of all GPS

satellites.

The Space Segment

The DOD monitoring stations track all GPS signals for use in controlling the
satellites and predicting their orbits. Meteorological data also are collected at
the monitoring stations, permitting the most accurate evaluation of
tropospheric delays of GPS signals. Satellite tracking data from the
monitoring stations are transmitted to the master control station for
processing. This processing involves the computation of satellite
ephemerides and satellite clock corrections. The master station controls
orbital corrections, when any satellite strays too far from its assigned
position, and necessary repositioning to compensate for unhealthy (not fully

functioning) satellites.

The User Segment

The user segment is a total user and supplier community, both civilian and
military. The User Segment consists of all earth-based GPS receivers.

Receivers vary greatly in size and complexity, though the basic design 1s
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rather simple. The typical receiver is composed of an antenna and
preamplifier, radio signal microprocessor, control and display device, data
recording unit, and power supply. The GPS receiver decodes the timing
signals from the 'visible' satellites (four or more) and, having calculated their
distances, computes its own latitude, longitude, elevation, and time. This is a
continuous process and generally the position is updated on a second-by-
second basis, output to the receiver display device and, if the receiver
display device and, if the receiver provides data capture capabilities, stored

by the receiver-logging unit

GSM
Global System for Mobile communications (GSM: originally from Group

Special Mobile) is the most popular standard for mobile phones in the world.
Its promoter, the GSM promoters estimates that 82% of the global mobile
market uses the standard. GSM is used by over 2 billion people across more
than 212 countries and territories. Its ubiquity makes international roaming
very common between mobile phone operators, enabling subscribers to use
their phones in many parts of the world. GSM differs from its predecessors
in that both signaling and speech channels are digital call quality, and thus is
considered a second generation (2G) mobile phone system. This has also

meant that data communication was easy to build into the system.

The ubiquity of the GSM standard has been advantageous to both consumers
(who benefit from the ability to roam and switch carriers without switching
phones) and also to network operators (who can choose equipment from any
of the many vendors implementing GSM). GSM also pioneered a low-cost
alternative to voice calls, the short message service (SMS, also called "text

messaging"), which is now supported on other mobile standards as well.
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GSM Technical details
GSM is a cellular network, which means that mobile phones connect to it by

searching for cells in the immediate vicinity. GSM networks operate in four
different frequency ranges. Most GSM networks operate in the 900 MHz or
1800 MHz bands. Some countries in the Americas (including Canada and
the United States) use the 850 MHz and 1900 MHz bands because the 900
and 1800 MHz frequency bands were already allocated.

The rarer 400 and 450 MHz frequency bands are assigned in some countries,
notably Scandinavia, where these frequencies were previously used for first-

generation systems.

In the 900 MHz band the uplink frequency band is 890-915 MHz, and the
downlink frequency band is 935-960 MHz this 25 MHz bandwidth is
subdivided into 124 carrier frequency channels, each spaced 200 kHz apart.
Time Division Multiplexing is used to allow eight full-rate or sixteen half-
rate speech channels per radio frequency channel. There are eight radio
timeslots (giving eight burst periods) grouped into what is called a TDMA
frame. Half rate channels use alternate frames in the same timeslot. The

channel data rate is 270.833 Kbit/s, and the frame duration is 4.615 ms.

The transmission power in the handset is limited to a maximum of 2 watts in
GSM850/900 and 1 watt in GSM1800/1900.

GSM has used a variety of voice codecs to squeeze 3.1 kHz audio into
between 5.6 and 13 kbit/s. Originally, two codecs, named after the types of
data channel they were allocated, were used, called half rate (5.6 kbit/s) and

full rate (13 kbit/s). These used a system based upon linear predictive coding

(LPC). In addition to being efficient with bitrates, these codecs also made it




easier to identify more important parts of the audio, allowing the air

interface layer to prioritize and better protect these parts of the signal.

GSM was further enhanced in 1997 with the enhanced full rate (EFR) codec,
a 12.2kbit/s codec that uses a full rate channel. Finally, with the
development of UMTS, EFR was refectories into a variable-rate codec
called AMR- Narrowband, which is high quality and robust against
interference when used on full rate channels, and less robust but still
relatively high quality when used in good radio conditions on half-rate

channels.

There are five different cell sizes in a GSM network—macro, micro, pico,
femto and umbrella cells. The coverage area of each cell varies according to
the implementation environment. Macro cells can be regarded as cells where
the base station antenna is installed on a mast or a building above average
roof top level. Micro cells are cells whose antenna height is under average
roof top level; they are typically used in urban areas. Picocells are small
cells whose coverage diameter is a few dozen meters; they are mainly used
indoors. Femtocells are cells designed for use in residential or small business
environments and connect to the service provider’s network via a broadband
internet connection. Umbrella cells are used to cover shadowed regions of

smaller cells and fill in gaps in coverage between those cells.

Cell horizontal radius varies depending on antenna height, antenna gain and
propagation conditions from a couple of hundred meters to several tens of
kilometers. The longest distance the GSM specification supports in practical
use is 35 kms (22 mi). There are also several implementations of the concept
of an extended cell, where the cell radius could be double or even more,

depending on the antenna system, the type of terrain and the timing advance.
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Indoor coverage is also supported by GSM and may be achieved by using an

indoor picocell base station, or an indoor repeater with distributed indoor
antennas fed through power splitters, to deliver the radio signals from an
antenna outdoors to the separate indoor distributed antenna system. These
are typically deployed when a lot of call capacity is needed indoors, for
example in shopping centers or airports. However, this is not a prerequisite,
since indoor coverage is also provided by in-building penetration of the

radio signals from nearby cells.

The modulation used in GSM is Gaussian minimum shift-keying (GMSK), a
kind of continuous-phase frequency shift keying. In GMSK, the signal to be
modulated onto the carrier is first smoothed with a Gaussian low-pass filter
prior to being fed to a frequency modulator, which greatly reduces the

interference to neighboring channels (adjacent channel interference).

Network structure

GSM system seen by the customer is large and complicated in order to
provide all of the services which are required. It is divided into a number of

sections and these are each covered in separate articles.
» The Base station subsystem (the base stations and their controllers).

» The Network and Switching Subsystems (the part of the network most
similar to a fixed network). This is sometimes also just called the core

network.

» The GPRS Core Network (the optional part which allows packet

based Internet connections).
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+ All of the elements in the system combine to produce many GSM i
services such as voice calls and SMS.

GSM security
GSM was designed with a moderate level of security. The system was
designed to authenticate the subscriber using a pre-shared key and challenge
response. Communications between the subscriber and the base station can
be encrypted. The development of UMTS introduces an optional USIM, that
uses a longer authentication key to give greater security, as well as mutually
authenticating the network and the user - whereas GSM only authenticated
the user to the network (and not vice versa). The security model therefore
offers confidentiality and authentication, but limited authorization

capabilities, and no non-repudiation.

GSM uses several cryptographic algorithms for security. The A5/1 and A5/2
stream ciphers are used for ensuring over-the-air voice privacy. A5/1 was
developed first and is a stronger algorithm used within Europe and the
United States; AS5/2 is wecaker and used in other counirics. Serious
weaknesses have been found in both algorithms: it is possible to break A5/2
in real-time with a cipher text-only attack, and in February 2008, Pico

Consulting, Inc revealed its ability and plans to commercialize FPGAs that
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allow A5/1 to be broken with a rainbow table attack. The system supports

multiple algorithms so operators may replace that cipher with a stronger one.

How GPS Receivers Work

« When people talk about "a GPS," they usually mean a GPS receiver.
The Global Positioning System (GPS) is actually a constellation of 27
Earth-orbiting satcllites (24 in operation and three extras in case one
fails). The U.S. military developed and implemented this satellite
network as a military navigation system, but soon opened it up to

everybody else.

« Each of these 3,000~ to 4,000-pound solar-powered satellites circles
the globe at about 12,000 miles (19,300 km), making two complete
rotations every day. The orbits are arranged so that at any time,
anywhere on Earth, there are at least four satellites "visible” in the

sky.

« A GPS receiver's job is to locate four or more of these satellites, figure
out the distance to each, and use this information to deduce its own

location. This operation is based on a simple mathematical principle

called trilateration.
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Grounding |

The radio antenna may be a target for lightning. To avoid damage, you may |

wish to ground your reference station antenna.

GPS Applications

One of the most significant and unique features of the Global Positioning
Systems is the fact that the positioning signal is available to users in any
position worldwide at any time. With a fully operational GPS system, it can

be generated to a large community of likely to grow as there are multiple

applications, ranging from surveying, mapping, and navigation to GIS data




capture. The GPS will soon be a part of the overall utility of technology.

There are countless GPs applications, a few important ones are covered in

the following passage.
Surveying and Mapping

The high precision of GPS carrier phase measurements, together with

appropriate adjustment algorithms, provide an adequate tool for a variety of

tasks for surveying and mapping.
Navigation

Navigation using GPS can save countless hours in the field. Any feature,
even if it is under water, can be located up to one hundred meters simply by
scaling coordinates from a map, entering waypoints, and going directly to

the site,
Remote Sensing and GIS

It is also possible to integrate GPS positioning into remote-sensing methods
such as photogrammetry and aerial scanning, magnetometry, and video
technology. he GIS user community benefits from the use of GPS for
locational data capture in various GIS applications. The GPS can easily be
linked to a laptop computer in the field, and, with appropriate software, users
can also have all their data on a common base with every little distortion.
Thus GPS can help in several aspects of construction of accurate and timely

GIS databases.
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Military

The GPS was primarily developed for real time military positioning.

Military applications include airborne, marine, and land navigation.
Future of GPS Technology

Barring significant new complications due to S/A (Selective Availability)
from DOD, the GPS industry is likely to continue to develop in the civilian
community. There are currently more than 50 manufacturers of GPs
receivers, with the trend continuing to be towards smaller, less expensive,
and more easily operated devices. While highly accurate, portable (hand-
held) receivers arc already available, current speculation envisions
inexpensive and equally accurate 'wristwatch locators' and navigational
guidance systems for automobiles. However, there is one future trend that
will be very relevant to the GIS user community, namely, community base
stations and regional receive networks, as GPS management and
technological innovations that will make GPS surveying easier and more

accurate.

GSM module and GPS module work in co-ordination with each other , the
GPS receiver tells the location of the robot to to the GPS module, this
location is transmitted by the GPS transmitter to GSM receiver which sends

t0 the microcontroller 89c51 which in turn decides to move left or right.
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