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SYNOPSIS

“Prepaid power card “aims at modifying the existing energy monitoring and
billing mechanism. The core motive is to automate the entire system by
supplementing a micro controller to the energy meter there by minimizing the
modification required and hence increasing the practical viability of the entire
project .The reason behind the work done was to Propose a scheme that wouid
appear lucrative to all strata of society.

The currently existing method for monitoring the electricity consumption
involves a lengthy process of assigning a person with the duty of noting the
consumption reading on the meter and submitting the same to the billing
department. The bill is generated accordingly. The consumer goes to the
electricity board’s office and stands in lengthy queues in order to pay the bill.

The cumbersome process is avoided by using a prepaid card that may be
equally beneficial to the Government .The current process has a drawback where
in there is a danger of delay in payments. Our system of prepayment would mean
elimination of these payment arrears.

failure when the balance in one of the cards goes to zero. When electric energy
purchased by user is used Up, and exceeds permitted overdraft amount the meter
will cut off power supply automatically until user inserts the Prepaid card newly

replacement.

A current theft indicator is provided, in which When load exceeds the limit
specified by power supplier the meter will give alarm to warn user to reduce Ioad.
Meter will release alarm if user reduces the load, else it will cut off power supply.
A password protection is provided to avoid any misuse of the card.
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1. INTRODUCTION
1.1 CURRENT STATUS OF THE PROBLEM TAKEN UpP

existing system provides no check on the consumption and therefore there s
a tendency to be careless. If there were g system that allotted g fixed ration of
Power for a period then the workers would be more careful thereby minimizing
the electricity loss.

1984 under the name of “Tatkal scheme”. Though this scheme was Initially a
Success it failed to meet jts ultimate goal.



1.2 RELEVANCE AND IMPORTANCE OF THE PROJECT:

In the previous section we discussed the various problems in the
prevailing system. In this section let ys see how our project would help
tackling each of those problems.

Ina completely automated System there is minimal human interaction as a
result of which the EB department can cut down on the expenditure incurred
in the form of salary. The user can plan his electricity budget before hand.



will be activated; this acts as an indication to the user. A theft indicator is
included so as to identify any current theft.

We have simulated the entire system with a de
commercially available meter and the workin

involved are discussed in the subsequent chapt

sktop model using a

g of the various components
ers.






2. LITERATURE SURVEY
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3. PROPOSED APPROACH TO THE PROBLEM

The right approach towards a problem is very important. An egregious
approach could prove to be drastic and can cause a large number of
inconveniences. Taking this into account a large number of approaches were
thought of for solving the problem considering factors such as complexity, cost
effectiveness and so on.

The present day electricity metering is done manually with the help of
energy Meter. Changes in this would cause a large number of overheads. So in
our approach we have decided to supplement it with other components. The
Sénsor senses the rotations of the disc in the energy meter and the pulsed output
is given to the microcontroller. Every time a pulse is obtained, fhe microcontroller
takes the value stored in the EEPROM that is currently in use and decrements it
by one. This denotes the Consumption of a unit (kilowatt) and this system of
metering has been done for simulation purposes.

Here we have decided to use 2 cards (EEPROM). The reason being, once
the value Of the EEPROM becomes zero, the total power supply will be cut off.
This would be very inconvenient and not Practical for the user. So here we have



particular threshold limit these relays will get activated one-by-one and the
corresponding equipments will get tripped off in a sequential manner. Every time
the buzzer gets activated; this acts as an indication to the user. A current theft
indicator is provided, in which When load exceeds the limit specified by power
supplier the meter will give alarm to warn user to reduce load. Meter will release
alarm if user reduces the load, else it will cut off power supply.

On commerecial implementation, a slight modification to the logic would be
required; wherein the completion of a rotation causes the increment of a counter,
which is checked against another value. For ex: if 200 rotations of the disc
indicate the consumption of 1 kilowatt, then each time the disk completes a
rotations a counter value is incremented and this value is checked with the value
200.If both these values are equal then one unit is decremented from the
EEPROM. This decremented value is now written back onto the EEPROM. The
count that is maintained in the.EEPROM is explicitly made to zero. This process
is repeated till the value in the cards run dry. The balance that is read from the
EEPROM is regularly Updated on the LCD screen. The display on the LCD tells
us about the card Number that is currently in use and the balance on that card in
terms of units.

A relay circuit has been designed to cut off power supply in the event of
the cards running dry. The entire project has been shown on a single board but
for Practical purposes the relay circuit will be a part of the electricity post from
which energy is distributed to the consumer. This is done to avoid power theft,
This project could be propped with a few encryption algorithms and anti-piracy
Strategies that have been discussed in the subsequent chapters,

The design has been done bearing two factors in mind
> The cost efficiency and
> Simplicity.
This_means that while the project will be cost efficient it will also not

involve any major alterations to the existing system thereby increasing the overal|
viability of the project.






4. DETAILS OF THE DESIGN:

all that was required was a “plug and play” format. At each stage we saw that the
tiniest of components were studied and their working completely understood,
These modules are discussed in this section and the fina| integration is also
discussed in brief. ‘

4.1 MODULE 1
Identification Of The Components:

components were chosen.

4.1.1 Microcontroller:

Atmel.The features of the microcontroljer are
> 40 pin controller

11



> 41/0 ports of 8 pins each

> 4K bytes of flash memory

> 128 byte internal RAM

> Two 16 bit timers

> The clock speed can reach up to 24MHz.

We have also used another Atmel microcontroller 89C2051 in the card-
charging unit. The features of this microcontroller is similar to that of
AT89C51 except that
> ltisa20 pin IC
> lt has 2K Bytes of Reprogrammable Flash Memory
> lthas 15 Programmable 1/0 Lines |

4.1.2 SENSOR:

A sensor is a device that understands interruptions and gives an
output accordingly. An IR sensor was chosen because of its ability to
send pulsed output for every detected rotation, The size of the sensor is
small and so interfacing it to the existing meter is trivial. Another

The construction of the IR sensor is simple. This sensor has two
parts, the transmitter and the receiver. The transmitter has two inputs and
sends out infrared frequencies, the inputs are the Supply voltage vVCC
(+5V) and the ground GND.The receiver is one that senses these infrared
frequencies. |t has two pins one is ground GND and the other is the
output pin. It has g pulsed output when the receiver detects the IR

accordingly.

12



4.1.3 EEPROM:

EEPROM stands for electrically erasable Programmable read only
Memory. This is a kind of ROM where we can erase the contents and
reprogram. The difference in this and the flash memory of the Microcontrolier
is that here we can be specific on the bits we erase and with the flash memory
we will have to erase the entire ROM and write on to it afresh. The EEPROM
chosen provides 32k bytes of memory. This is a serial EEPROM with a
common 2-wire bus. There are 2 kinds of EEPROMs that are available in the
market. One is the Software programmable EEPROM and the other one is the
. hardware programmable EEPROM. We have chosen the software
programmable EEPROM to economize on the number of port lines required.

In addition we have to take care checking if the EEPROM is a serial or
parallel one. We have selected a seria| EEPROM by Atmel, the AT24C04.This
is the card we Interface with the microcontroller. It has the details of the
amount of electricity that can be consumed before cut off. There are two cards
of which one acts as the primary and another as a secondary back up. The
features of this EEPROM are

> 8piniIC

> 32K bytes of memory

»> 2 wire serial interface

> Write protect pin for hardware data protection.

4.1.4 LCD DISPLAY:

LCD stands for liquid crystal display. This is an output device with g
limited viewing angle. The choice of LCD as an output device was because of
its cost, ease of use and is better with alphabets when compared with a 7-
ségment LED display. We have SO0 many kinds of LCDs today and our
application requires a LCD with 2 lines and 16 characters per line. This gets
data from the microcontroller and displays the same. It has 8 data lines, 3
control lines, a supply voltage VCC (+5V) and a GND.This makes the whole
device user friendly by showing the balance left in the card. This also shows
the card that is currently being used. |

13



4.1.5 BUZZER:

Once the various components were purchased theijr data sheets were
Carefully studied In order to get an in-depth idea of their usage.

14



4.2 MODULE 2:

Designing and fabrication of the PCB

The design ‘of the PCB involves a lot of sub divisions. First the 230V AC
input must be stepped down to a 5V dc supply. A transformer is used for
the Voltage step down. This is then passed for an AC to DC conversion.
The obtained DC voltage is used for all the components. Various active
and passive devices are connected so that a surge or fall in voltage does
not affect the performance of the PCB. The microcontrolier EEPROMSs and
LCD are integrated onto the board in such a way that they work in tandem
with the active and passive components to achieve their prescribed rating.
The entire project was first tried on a breadboard and when it was found to
be successful we implemented the same on a printed Circuit board.

4.3 MODULE 3:
Programming the microcontroller: v
This phase involved programming the microcontroller. The logic
involved is obtaining the value from the EEPROM and performing
manipulations based on the number of rotations made by the energy
meter. The manipulated reading is then rewritten into the EEPROM .The
status of the card has to be continuously shown on the LCD for the
convenience of the user. The microcontroller should also drive the buzzer
and relay at the appropriate time to serve the' purpose of load division and
over load protection. The entire programming was simulated in an
environment using the software RIDE by Raisonance shown in fig.4.1.
Once the program was successfully compiled it was converted into
hexadecimal code and then written into the microcontroller using software
EZ UPLOADER V3.1 shown in fig 4.2. A suitable slab for the metering has
been implemented. This has been done because it is difficult to implement
the existing metering slab followed owing to loads, which are not
practibally feasible in a simulated environment.

15



#finclude<regs), hy
yincludedicd, o>
Fincludeceepron, &

bit buzzl tiay:
bit buzz? flag:

shit buzz = 237:
shit tlyl - p2);
it rlyz - p22;
shit rlys = p23;
it i_sen- p20;
sbit mecer = pig:
obit aaincly = §1);

void nil():
void delay();
void infelel():

essword security no *22'

/7 ezzign we L0 livnes for eackh devipe

/f funceism declerseion

Fig 4.2 EZ Uploader V13
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4.4 MODULE 4:

Creating a desktop model

An energy meter that is commercially being used was purchased
and a Small hole was drilled on the disk so that the sensor detects the
completion of a rotation. The output wire from the sensor is given as input
to the microcontroller For the purpose of simulation we connect few loads
and demonstrate.

In the éurrent theft indicator, when load exceeds the limit specified
by power supplier the meter will give alarm to warn user to reduce load.
Meter will release alarm if user reduces the load, else it will cut off power

supply. A suitable maximum demand limit has been fixed for simulation
purpose.

17
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5. MAIN UNIT
5.1 BLOCK DIAGRAM

This is the module that is attached to the existing analog meter. The block

diagram of the main module is shown in fig 5.1.

y

ENERGY
MAKE/BREAK ENERGY
MEETER DEVICE 1 DEVICE DEVICE
CKT 2 3
4 4 4 T
RELAY
. _ l LOAD DRIVING CIRCUIT
A y
THEFT
IDENTIFIER
A y 4
ENERGY
INDICATION READING
ALARM SENSOR ;
DISPLAY
y UNIT
y
MICRO
CONTROLLER
/

EREY

POWER
SUPPLY

CARD
HOLDER 1

CARD
HOLDER 2

Fig. 5.1 BLOCK DIAGRAM OF MAIN UNIT
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Here the IR sensor senses the rotations of the disc in the energy meter
and the pulsed output is given to the microcontroller. Every time a pulse is
obtainéd the microcontroller decrements the value stored in the EEPROM by one.
We have used two cards in our project; one is the main card and the other acts as
the standby card. The buzzer is included to alarm the user about the status of the
card at different instances.

LCD is used which shows the balance left out in the card, This also shows
the card that has been currently being used. A load driving circuit has been
included for load division purpose to avoid abrupt power shutdown when both the
cards go dry. A current theft indicator is provided .Jt causes the total power
shutdown during any current theft attempts made by the user.

Relays have been included to cut off the power supply when both the
cards go dry. It also gets activated during load division and current theft. For
practical purpose it will be the part of the transmission post from which supply

lines reaches the consumer’'s premises. For simulation purpose we have used
this relay on the board.

21



5.2 CIRCUIT DESCRIPTION

AC
MAINS

BUZZER

PREPAID ENERGY METER

Fig.5.2 CIRCUIT DIAGRAM OF MAIN UNIT

The microcantroller we have used in the main unit is 89C51 by

Atmel.lt is a low-power, high performance 8- bit microcomputer with the
following features,

* 40 pin controller

* 41/O ports of 8 pins each

* 4K bytes of flash memory

* 128 byte interng| RAM

* Two 16 bit timers

22



and é ground pin GND.This indicates the balance left in the card ang also
indicates the card that is currently accessed.

' Basically sensor is a device that understands interruptions and
gives an output accordingly. Infra red sensors are used here. This sensor
has two parts, the transmitter and the receiver. The transmitter has two
inputs and sends out infrared frequencies, the inputs are the supply
voltage VCC (+5V) and the ground GND.The receiver is one that senses
these infrared frequencies. It has two pins one is ground GND and the

frequency. This is used to alarm the user about the status of the card. It
has two inputs, the Supply voltage VCC (+5 V) and the ground GND.

A relay is like g switch that is in one of the states either on or off. It
has five pins, one input from the microcontroller, one is the ground GND,
one is the supply voltage, and the other two are the outputs. The outputs
are the normally closed and normally open states of the relay. When in the
normally closed state the relay conducts and the supply is got through this
pin. When the relay is in normally open state no supply is possible.



as high power consuming, low priority and very essential equipments.
These are connected to three different relays. When the charge value of
the card reaches a particular threshold limit these relays will get activated
one-by-one and the corresponding equipments will get tripped off in a
sequential manner.

5.3 ENERGY SENSING MECHANISM

IR

TRANSMITTER
K q +8Y
F c
’-N—{:_' ENERGY METER j
NL—|. 0
e
<(2) =
ER
O TO CONsUM IRRECEIVER
- & RO
O
MICROCONTR OLLER
(FIN6)

Fig.5.3 ENERGY SENSING MECHANISM

The arrangement of the energy sensing mechanism is shown in
fig5.3. The sensor use here is an Infrared sensor that has two parts
namely a transmitter and a receiver. The transmitter is a LED with two
inputs VCC and GND.It sends out infrared frequencies, The receiver is a
phototransistor with 2 pins a GND and an output. It gives pulsed output i.e.
the pin is always in one state, When the receiver detects the infrared
frequency it gives a spike of higher voltage.

24






6. CARD CHARGING UNIT

6.1 BLOCK DIAGRAM
The block diagram of the Card charging unit is shown in fig.6.1 and its

circuit is shown in fig 6.2.

POWER K™ CONTROL
CARD UNIT

RS 232

INTERFACE
PC

FIG 6.1 BLOCK DIAGRAM OF CARD CHARGING UNIT
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6.2 CIRCUIT DESCRIPTION

1MF

CARD HOLDER

11.050MHz

CARD PROGRAMMER

FIG 6.2 CIRcuIT DIAGRAM OF CARD CHARGING UNIT

Transistor Transistor Logic.

In RS232 logic, logic 0=+12V, and logic 1=-12v. The
Communication between PC and MAX232 ICis through RS232 logic.

In TTL logic, logic 0=0v, logic 1=+5V.The Communication between

27
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7. POWER SUPPLY UNIT

The block diagram of the power su

Circuit is shown in fig 7.2

"V-* Step Down
f:co——; Transformer

pply unit is shown in fig 7.1 and its

y

Output

Bridge
Rectifier

y

Capacitive

Fllter

Voltage

Regulator ‘;:: D

Amp. Amp. Amp. Amp. Amp.[
{ @’ ———p

Ti me time

content, filtration s required. The filtration process is carried out by the
combination of Capacitors and resistors.
In this stage, two regulators namely positive regulator (7812) and Negative

output if the input voltage is in the range of 5V to 30 v.
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1000mfd/50v| +
1000MFD/50V

orP
1000mfey !
0-12v 7[\

E

3308

1000mfd/50v

Fig 7.2 CIRCUIT DIAGRAM OF POWER SUPPLY UNIT

30






8. TESTING

that will be used as the load.

In a commercially available energy meter 200 rotations of the disc will
signify the consumption of one kilowatt-hour. That means, if a load of 1 kilowatt
runs for one hour then the meter will rotate 200 times in that hour. Since it ig

32






9. CONCLUSION AND FUTURE OUTLOOK

The main aim of Our project was to ease the existing complexity in the
metering and billing process of electricity. |t is quite impossible to bring a
complete change to the existing system and so the best alternative is adopted
which suits all stratg of the society.

microcontroller that we have used (manufactyred by the company ATMEL) is
used to make simple modifications to the existing system.

cards are g major relief to those with little requirement and to those who need
temporary connection.
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PROGRAM CODE FOR 89C51

I Pre paid EB card with password security no: '22' //

#include<reg51.h>
#include<lcd.c>

#include<eeprom.c>

bit buzz1_flag;

bit buzz2_flag;
sbit buzz = P37;
sbitrly1 = p21;
sbitrly2 = p22:
sbit rly3 = p23;
sbit i_sen= P20:
sbit meter = P10;
sbit mainrly = p11;

void nil();

void delay();

void initial();

void display():
void delay_sec();
void read_data();
void hex_bcd();
void load_data();
void dis_update();

/' assign mc i/o lines for each device

/I function decleration

unsigned char digit1,digit2, digit3,digitd, digit5;
unsigned int count ,temp,card1 ,card2;

// unsigned long int sec :

void main()

{

initial():

// intialize uc i/o's and variables



while(1)
{
dof{
if(card1 >=10000 && card2 >= 10000)
nil();
if(card1 >=10000 || card2 >= 10000)
dis_update();
if((card1<=10 && card2>=10000) || card2 <=10)
{ .
if(i_sen == Q) /I indication only total  unit < 10
buzz = 1;
else
buzz=0;
}
}
while(meter ==1);
delay();
dof
read_data();
if(card1 >=10000 && card2 >= 10000)
nil();
if(card1 >=10000 Il card2 >= 10000)
dis_update();
if((card1<=10 && card2>=10000) || card2 <=10 )
{
if(i_sen == 0)
buzz = 1;
else
buzz=0;
}
}
while(meter==0);
delay();
read_data();



if(card1 >=1 && card1 <=9999 )
{

card1--;

if(card1>=100)

{

ep[0] =card1/100;

ep[1] =card1%100;

}

else if(card1 <=99 && card1 >=01)
{

ep[0] =0;

ep[1] =card1;

}

else if(card1 ==0)

{

ep[0]=0xff: .

ep[1]=0xff;

card1 = Oxffff:

}

word_add=0x11;
nof_data=2;
dev_add=0xa0;
eep_write();
dis_update();

if( card1 <=20 && card2 >=10000)
{

rly3 = Q;
if(buzz1_flag ==0)

{

buzz = 1;
delay_sec();

buzz =0:

buzz1_flag =1:



}
if(card1 <= 10 && card2 >=10000)

{

ry2 = 0;

if(buzz2_flag ==0)

{

buzz = 1;

delay_sec();

buzz =0;

buzz2_flag =1;

}

if(card1 <=0 && card2 >=10000)
rly1 = 0;

}

}

if(card1 <=0 && card2 >=10000)
nil();

}

else if(card2 >=1 8& card2 <=9999)

{

card2--;
dis_update();
if(card2>=100)

{

ep[0] =card2/100:
ep[1] =card2%100:
}

else if(card2 <=99 & & card2 >=01)
{

ep[0] =0;

ep[1] =card2:

}

else if(card2 ==0)

{



ep[0]=0xff:
ep[1]=0xff;

}
word_add=0x11;
nof_data=2;
dev_add=0xac;
eep_write();

if(card2 <=20)

{

rly3 = 0:
if(buzz1_flag ==0)
{

buzz = 1;
delay_sec();

buzz =0;
buzz1_flag =1;

}

if(card2 <= 10)
{

rly2 = 0;
if(buzz2_flag ==0)
{

buzz = 1;
delay_sec();
buzz =0;
buzz2_flag =1,
}

if(card2 <=0)
rly1 = Q;

}

}
if (card2 <= 0)



nil();

void initial()
{
buzz =0:
count =0;
led_pulse();
init_lcd();
clr_display();
buzz1_flag =0:
buzz2_flag =0;
I load_data();
/I delay();
read_data();
if(card1 >=10000 && card2 >=10000)
nil();
dis_update();

void read_data()

{
word_add=0x11:
dev_add=0xac;
nof_data=3;
eep_read();
if(ep[2] == 22)

{

card2 = ep[Q] *100;

card2 += ep[1];

}

else



card2 = 12000:;
delay();

delay();
word_add=0x11:;
dev_add=0xa0;:
nof_data=3:
eep_read();
if(ep[2] == 22)

{

card1 = ep[0] *100;
card1 += ep[1);
}

else

card1 =120000 ;

void hex_bcd( )

{

digit1 = count/10000;
temp = count%10000;
digit2 = temp/1000:
temp = temp%1000:;
digit3 = temp/100;
temp = temp%100;
digit4 = temp/10;
digit5 = temp%10;

digit1 += 0x30;
digit2 += 0x30;
digit3 += 0x30;
digit4 += 0x30:
digit5 += 0x30;

if(count >=1 000)



digit1 = digit2;
digit2 = digit3;
digit3 = digit4;
digit4 = digit5 ;
digit5 = 0x20;
}
else if(count<=999 && count >=100)
{
digit1 = digit3;
digit2 = digit4;
digit3 = digits;
digit4 = 0x20 ;
digit5 = 0x20;

else if(count<=99 && count >=10)
{

digit1 = digit4;

digit2 = digits;

digit3 = 0x20

digit4 = 0x20

digit5 = 0x20:

else if(count<=9 && count >=1)
{

digit1 = digits;

digit2 = 0x20 :

digit3 = 0x20 :

digitd'= 0x20

digit5 = 0x20:



void display()

{

disp[3] ='C"
disp[4] ='A":

disp[5] ='R';
disp[6] ='D"
disp[8] ='';
disp[g] ='=

disp[10] ="'

disp[11] = digit1:
disp[12] = digit2;
disp[13] = digit3:
disp[14] = digit4;
disp[15] = digit5;

void nil()

{

buzz = 0;
rlyl = Q;
rly2 = 0;
rly3 = 0:
mainrly = Q:

display();

disp[7] ="1':
disp[11] = 'N"
disp[12] = 1"
disp[13] = '
disp[14] ="
disp[15] ="'

dis_line_oneg();



display();
disp[7] ='2':
disp[11] ='N’;
disp[12] ="' ;
disp[13] ="' ;
disp[14]="":
disp[15] ="'
dis_line_two():

while(1)

{
buzz = 1;
delay_sec();
buzz =0;
delay_sec();

void dis_update()
{
if(card1 >9999)
{
display();
disp[7] ='1'.
disp[11] = 'N';
disp[12] = 'y .
disp[13] = :
disp[14] =" .
disp[15] =" .
dis_line~one();
}

else

{



count = card1:
hex_bcd();
display();
disp[7] ='1"
dis_line_one();
}
if(card2 >9999)
{
display();
disp[7] ='2';
disp[11] = 'N';
disp[12] = 'y’ ;
disp[13] =" ;
disp[14] =" .
disp[15] =" .
dis_line_two();
}
else
{
count = card2:
hex_bced();
display();
disp[7] = 2"
dis_line_two();
}
}
void load_data()
{
ep[0]=00;
ep[1]=25:
word_add=0x1 1;
nof_data=2:
dev~add=0xa0;
eep_write();



delay/();
delay();

ep[0]=00;
ep[1]=25;
word_add=0x11;
nof_data=2;
dev_add=0xac:;
eep_write();

ep[0]=00;
ep[1]=50;
word_add=0x22;
nof_data=2;
dev_add=0xa0;
eep_write();
delay();

delay();

ep[0]=00;
ep[1]=00;
word_add=0x22:
nof_data=2:
dev_add=0xac,'
eep_write();

void delay()
{

unsigned int delay;
for(delay= 0; delay<=4000; delay++)
0 .



void delay_sec()
{
unsigned int loop, inner;
for(inner = O;inner<=40;inner++)
33 {
for(loop=0;loop<=20000;loop++)
i
}
}



// #include<reg51.h>
/I EEPROM COMMUNICATION PROGRAMME with 89¢c51 security '22'//

unsigned char eep_data,epdata,word__add,nof_data;
unsigned char ep[1 5],tempZ,éb,bc,eep,dev_add;
- void eep_read();

void eep_write();

void eep_send();

void eep_recev();

void eep_start();

void eep_stop();

void eep_clock();

void eep_dly();

void recev_ack();

sbit sda = P13; //5
sbit scl = P12: //6

void eep_start()
{
sda=1;
scl=1,;
eep_dly();
sda=0;

eep_dly();
scl=0;

void eep_stop()

{

- sda=0;
eep_dly();
scl=1;
eep_dly();



sda=1;

eep_dly();
scl=0;

void eep_dly()

{
/'int a;
for(ab=0;ab<=25;ab++)
{i}

void eep_clock()
{
scl=1;
eep_dly();
scl=0;

}

void eep_ack()
{
/int b=0;
for(bc=0;bc<=2oo;bc++ )
{
While(sda==1)
{
goto jmp;
}
}
jmp:
€ep_clock();

}

void récev_ack()



sda=0;
eep_clock();
sda=1;

void eep_send()

{
unsigned char m,n;
for(n=0;n<=7;n++)
{
m=eep_data:
mM=m&0x80;
if(m==0x80)
{
sda=1;
}
else
{
sda=0;
}
eep_clock();
eep_data=eep_data<<1 ;

}

void eep_recev()

{
unsigned char m,n;
m=Q;
for(n=0;n<=7;n++)
{
m=m<<1;
if(sda==1)



{
m=m|0x01;
}

else

{ .
m=m&0xfe;
}
eep_clock();

}

eep_data=m;

void eep_write()

{

eep_start();

eep_data=dev_add: //0xa0; // device add
eep_send();

eep_ack();
temp2=word_add&0x0f;
if(temp2==0)
word_add=word_add+1 ;
eep_data=word_add:
eep_send();

eep_ack();
for(eep=0;eep<=nof__data;eep++)
{

eep_data=epleep];

eep_send();
eep_ack();

}
eep_stop();

void eep_read()



{
eep_start();

eep_data=dev_add; //0xa0: /ldevice add
eep_send();

eep_ack();
temp2=word_add&0x0f;
if(temp2==0)
word_add=word_add+1 ;
eep_data=word_add;
eep_send();

eep_ack();

eep_start();
eep_data=dev_add+1: //0Oxa1 ; device add +1
eep_send();

eep_ack();
for(eep=0;eep<=nof_data;eep++)
{

. eep_recev();

epleep]=eep_data:
if(eep!=nof__data)

{

recev_ack();

}

}
eep_stop();



/I LCD INTERFACE

/1 0x0c for cursor blinkling

/1 0x0d for cursor remove

/Il 4 = 1 data

/I =0 command / address
116 =rw

// 8 = enable , low to high pulse

/ #include<reg51.h>
#define Icdport PO

#define functionset 56
#define feurserdisplayshift 16
#define fentrymode 6
#define cleardisplay 1
#define displayon 12
#define cursoron 13

sbit lcd_rs =P27; /13 //4
sbitled e =P26: /14 6 .

void init_lcd();

void clr_array();

void Icd_pulse();

void dly_250m();

void dis__line_one();
void dis_line_two();
void setup_lcd_cmd();

unsigned int disp[1 7],dis_count ;
void init_led()

{

setup_lcd_cmd();

dly_250m();

ledport = functionset,'



led_puise():

dly_250m();

lcdport = functionset;

led_pulse();

dly_250m();

Icdport = functionset:
led_pulse();
dly_250m();

ledport = displayon;
led_pulse();
dly_250m():

lcdport = fentrymode:
lcd_pulse();
dly_250m();

lcdport = clea(display;
led_pulse();

}

void dly_250m()

{

unsigned int i
for(i=0;i<=4500;i++)
{}

}

void ch_pulse()

{

unsigned int j:
lcd_e=1:;
for(i=0;i<=100;i++)
{}

led_e=0;

}



void setup_lcd__cmd()

{

led_rs=0;

/I led_rw=0:
}

void clr_array()

{

for(dis_count = 1: dis_count<=16;dis__count++)
disp[dis_count] =0x20 ;

}

void cir_display()
{

cr_array();
dis_line_one();
dis_line_two();

}

void dis_line_one()
{ .
led_rs = 0:
ledport = 0x80;
lcd _bulse():
led_rs = 1;
dly_250m();
for(dis_count = 1 ; dis_count <=1 6; dis__count++)
{
lcdport = disp[dis_count];
lcd_pulse();
}
clr_array();
led_rs = 0;

lcdport = Ox8f:



lcd_pulse();
led_rs = 0;
lcdport = 0xcO0;
led_pulse();
led_rs =1;

}

void dis_line_two()
{
led_rs = 0;
lcdport = Oxc0:
led_pulse();
led_rs = 1;
dly_250m();
fqr(dis_count =1, dis_count <=16; dis_count++)
{
lcdport = disp[dis__count];
led_pulse();
}

clr_array();

}



PROGRAM CODE FOR 89C2051
/Il Program for prepaid card programmer with security no: '22' //

#include<reg51.h>
#i'nclude<eeprom_pro.c>

void delay();
void get_data();
void initial();
void load_data();

int temp,val1 :valz,sno ;

void main()

{

initial();

while(1)

{

get_data(); I receive the card value from PC
load_data(); //'load value to card

}

}

void delay()

{

unsigned int loop, inner;
for(inner = O;inner_<=20;inner++)
{
for(loop=0;loop<=20000;loop++)
¢

}

}

void get_data()



Do

{;}
while(Ri==0);
temp = SBUF;
RI=0;

}

while(temp 1= Oxaa);
Ti=0;

SBUF = Oxab;
do{;}
while(TI==0);
TI=0;

RI=0;

do{;}
while(RI==0);
sno = SBUF;
RI =0;

TI=0;

SBUF = sno+1;
dof;}
while(T1==0);
Ti=0;

RI=0;

do{;}
while(RI==0);
vall = SBUF;
Rl =0;

TI=0;
SBUF = val1 +1;

/1 wait for initial ack signal from pc

/1 replay for ack signal

/ receive the user serial no

// send receive ack to pc

// receive the higher byte

// send receijve ack to pc



do{’}
while(TI==0);
TI=0;

RI=0;

do{;}
while(RI==0);
val2 = SBUF;
Rl =Q;

TI=0;

SBUF = val2+1;
do{;}
while(TI==0);
TI=0;

}

void initial()

{

IE=0X90;
SCON = 0x50:
TMOD=0x20:
TL1=0xe8;
TH1=0xe8;
TR1 =1;

Tl =0;

RI =0;

ep[0] =0;
ep[1] =0;

}

void load_data()

{
ep[0] = val1;
ep[1] = val2:

ep[2] = snor

/l receive the lower byte

/l send ack receive ack to pc

/l'initialize SFR's for serial communication

//B.R=1200 @ 11.069MHz



word_add=0x11; // write value to card 1
nof_data=3;

dev_add=0xa0:

eep_write();

word_add=0x11;

nof_data=3;

dev_add=0xac; /! write value to card 2
eep_write();

}



Il security pc card Programming program//

#include <bios.h>

#include <conijo.h>

#include <stdio.h>

#include <dos.h>

#include <time.h>

#include<string.h>

#include<ctype.h>

#include<stdlib.h>
#include<process.h>

/l#define COMO 1

#define COM1 0

/#define  SETTINGSO (_LCOM_1200|
~COM_NOPARITY)

#define SETTINGS1 (_COM_1200|
__COM_NOPARITY)

/#define TRANSO 0x2f8

#define TRANS1 0x3F8

unsigned int value,temp,temp1 ,count;
unsigned int ve,timeout,countq ,SNO;
void main()

{

_COM_CHRS

_COM_CHRS

_bios__serialcom(_COM__lNlT,COM1 SETTINGS1);

clrscr();
textcolor(BLACK);
textbackground(CYAN);
outportb(TRANS 1 ,0xaa);
timeout = 0;
count = 0;

count1 = Q;

ve = inportb(TRANS1);

gotoxy(10,15);

printf(" CONNECTING TO OUR HARDWARE....");

do{

|

_COM_STOP1

_COM_STOP1



count++;
delay(10);
if(count >= 40)
{
count1++;
outportb(TRANS1,0xaa);
count =0;
}
if(count1 >= 10)
{
gotoxy(10,15);
printf(" HARDWARE NOT CONNECTED
sound(1500);
sleep(2);
nosound();
exit(0);
}
ve = inportb(TRANS1);
while(vel=0xab )
cirscr();
gotoxy(25,10);
printf(" PREPAID CARD PROGRAMMER");
gotoxy(10,12);
printf(" ENTER USER SERIAL NO (<255) :");
scanf("%d",&sno);
gotoxy(10,14);

Printf(" ENTER THE VALUE (0-9999) .
scanf("%d",&value);

if{value >=10000 || value < 0 | sno >=256)

{

clrscr();

gotoxy(10,10);

printf(" ENTER CORRECTLY ")
sound(1500);

");



sleep(2);
nosound();

}

else

{
temp = value / 100;
temp1 = value % 100:
delay(100);
outportb(TRANS1,sno);
do{
ve = inportb(TRANS1);
}while(vcl=sno+1);
delay(100);
outportb(TRANS1 temp);
do{
ve = inportb(TRANS 1 )
}while(vel=temp+1);
delay(100);
outportb(TRANS 1 temp1);
dof
Ve = inportb(TRANS1 )
}while(vc!=temp1 +1);
printf("%d",vc);

clrser();

gotoxy(10,10);

printf(" CARD PROGRAM COMPLETE ")
gotoxy(10,12);

printf(" CARD VALUE |S = %d " value);

sleep(3);

Y/ else

exit(0);
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Features

* Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flagh Memory
~ Endurance: 1,000 Write/Erase Cyoles

Fully Statio Operation: 0 Hg to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmabls /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low-power Idle and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM), The device
is manufactured using Atmel's high-density nonvoiatile memory technology and is
compatible with the Industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed In-gystem or by a conven-’
tional nonvolatile memory programmer, By combining a versatile 8-bit CPRU with Flash
on a monolithic chip, the Atmel ATB9C51 s g powaerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/0 lines, two 16-bit
timer/counters, a five vector two-level Interrupt arohitecture,
a full duplex serial port, on-chip osclllator 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

vce
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional 1/0 port. As an
output port, each pin can sink elght 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 1/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs,

Port 1 pins that are externally being pulied low will source
current (I, ) because of the internal puliups.

Port 1 also recsives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional I/0 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,

Port 2 pins that are externally being pulled low will source
current (I, ) 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 internai 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 Flagh programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL Inputs.
When 18 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 (1) because of the pullups.

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

Port Pin
P3.0 RXD (serial input port)
P3.1 TXD (serlal output port)

Alternate Functions

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 _TO (timer O external Input)

P3.5 T1 (timer 1 external Input)

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

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

RST

Resst 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 puise 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
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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 a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

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

EANVPP

External ‘Access Enable. EA
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 wiil be
internally latched on reset,

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volit-
age (Vpp) during Flash programming, for parts that require
12-voit Vpp.

XTAL1 .
Input to the inverting osciilator amplifier and input to the
internal clock operating circuit.

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 ag
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

must be strapped to GND in

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 circultry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voitage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU Puts itself to sieep while all the on-
chip peripherals remain active. The mode Is invoked by
software. The content of the on-chlp RAM and all the spe-
cial functions registers remain unchanged during this
mode. The Iidle 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 possiblilty 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

c2
F‘I—“— XTAL2
—d
XTAL1
GND

Note: C1,C2 =g3g PF £ 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 PSEN PORTO PORT1 PORT2 ] PORT3
Idle Internal 1 1 Data Data Data ’ Data

ldle External , 1 1 Float Data Address I Data
Power-down Internal 0 0 Data Data Data Data
Power-down Externai 0 0 Float Data Data Data )

4 AT89C51

\,‘
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Figure 2. External Clock Drive Configuration

NC ————

EXTERNAL
OSCILLATOR
SIGNAL

i

Power-down Mode

XTAL2

XTAL1

GND

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

Lock Bit Protection Modes

ters retain their values until the power-down mods 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 Vee
Is restored to its normal operating level and must be held
active long enough to allow the osclilator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can bs programmed (P) to obtalin the
additional features listed in the table below.

When lock bit 1 Ig 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 unti| reset is activated. It is nec-
essary that the latched value of EA be in agreement 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 U No program lock features
2 P U U MOVC instructions exacuted from external Program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further Programming of the Flash is disabled
P U Same as mode 2, aiso verify is disabled
P P Same as mode 3, also external execution Is disabled T
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Features

* Compatible with MCS$-51™ Products

* 2K Bytes of Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

2.7V to 8V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-blit internal RAM

15 Programmabile 1/0 Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serlal UART Channel

Direct LED Drive Outpyts

On-chip Analog Comparator

Low-power Idle and Power-down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K bytes of Flash programmable and erasable read only memory (PEROM). The
device is manutactured using Atmel's high-density nonvolatile memory technology
and Is compatible with the industry-standard MCS-51 Instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atme! AT89C2051 is a power-
ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 1/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. in addition, the AT89C2051 is designed with static logic for opera-
tion 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 osclllator disabling all other chip functions until the next
hardware reset,

Pin Configuration

PDIP/SOIC
L\

RSTVPP [ 1 20pvee
(RXD) P3.0 ]2 19P17
(TXD)P3.1(33 18[1P1.6
XTAL2 (4 17[P1s
XTAL1 5 16[OP1.4
(INT0) P3.2 s 150P1.3
(NTT) P33 7 1413P1.2

(TO)P3.4 8 13 P1.1 (AIN1)

(T)yPass 121 P1.0 (AIND)

GND!:iw 110P37

8-bit
Microcontrolier
with 2K Bytes
Flash

AT89C2051

Rev. 0368E~02/00



Block Diagram
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Features

* Low-voltage and Standard-voltage Operation

~ 5.0(Vee=4.5Vto 5.5V)

=27 (Vec=2.7Vio 5.5V)

= 25(Vee = 2.5V to 5.5V)

= 1.8 (Vge = 1.8V to 5.5V)
Internally Organized 128 x 8 (1K), 256 x 8 (2K), 512 x 8 (4K),
1024 x 8 (8K) or 2048 x 8 (186K)
2-wire Serial Interface
Schmitt Trigger, Filtered Inputs for Noise Suppression
Bi-directional Data Transfer Protocol
100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility
Write Protect Pin for Hardware Data Protection
8-byte Page (1K, 2K), 16-byte Page (4K, 8K, 16K) Write Modes
Partlal Page Writes are Allowed
Self-timed Write Cycle (10 ms max)
High-rellability

- Endurance: 1 Million Write Cycles

~ Data Retention: 100 Years
* Automotive Grade and Extended Temperature Devices Available
* 8-lead JEDEC SOIC, 8-pln PDIP and 8-lead TSSOP Packages

® ¢ @ @ o ¢ 0 o o

Description

The AT24C01A/02/04/08/16 provides 1024/2048/4096/8192/16384 bits of serial elec-
trically erasable and programmable read-only memory (EEPROM) organized as
128/256/512/1024/2048 words of 8 bits each. The device Is optimized for use in many
industrial and commercial applications where low-power and low-voltage operation
are essential. The AT24C01A/02/04/08/16 Is available in Space-saving 8-pin PDIP,

Pin Configurations 8-lead TSSOP
Pin Name | Function A0 [ 10 8favce
AO - A2 Address Inputs 2; E § ; - :I:,_
SDA Serial Data GNDH 4 53 sDA
SCL Serial Clock Input
WP Write Protect
NC No Connect

8-pin PDIP 8-lead SOIC

2-wire

Serial EEPROM
1K (128 x 8)

2K (256 x 8)

4K (512 x 8)

8K (1024 x 8)

16K (2048 x 8)

AT24C01A
AT24C02
AT24C04
AT24C08
AT24C16

Rev. 0180F-06/01



Absolute Maximum Ratings

.58° o *NOTICE:  Stresses beyond those listed under “Absolute
Operating Temperature.................... §5°C to +126°C MAXImU FRtngs” may eae maer AbS0 aam.
O -85°C to +150°C age to the device, This is a stress rating only an
Storage Temperature functional operation of the device at thes‘e or any
the
Voltage on Any Pin other conditions beyond those indicated in
with Fg!espect t)c'a Ground ...ocovevveonenresere -1.0V to +7.0V operational sections of this specification Is not
implied. Exposure to absolute maximum rating
Maximum Operating VOREEE .................ccoosrvvvveriovossonn, 6.25Vv conditlons for extended perlods may affect device
reliabllity.
DC OUtpUL CUIMENL ..coevecvcrrrrossiresreser e 5.0mA
Block Diagram
VCC -vop
GND ——p
we —
S TART j
seL T " SS:OP v
SDbA T LoGIc
SERIAL |
* LoGic
LOAD
Y
DEVICE cowmp DATA RECOVERY
ADDRESS
COMPARATOR LOAD |iINC
A, - T o
Ay ' R/W | DATA womD g EEPROM
Ay —_ S ——— ADDR/COUNTER -
l Y DEC T— SERIAL MUX
Din T ) Doyr/ACK
L‘[ LOGIC
lfl .- S ]
v

Pin Description

SERIAL CLOCK (SCL): The SCL input is used to positive
edge clock data Into each EEPROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bi-directional for
serial data transfer. This pin is open-drain driven and may
be wire-ORed with any number of other open-drain or
open-coliector devices.

DEVICE/PAGE ADDRESSES (A2, A1, A0): The A2, A1
and A0 pins are device address inputs that are hard wired
for the AT24C01A and the AT24C02. As many as eight
1K/2K devices may be addressed on a single bus system
(device addressing Is discussed in detail under the Device
Addressing section).

The AT24C04 uses the A2 and A1 inputs for hard wire
addressing and a total of four 4K devices may be

addressed on a singie bus system. The A0 pinis a
no connect,

The AT24C08 only uses the A2 input for hardwire address-
ing and a total of two 8K devices may be addressed on a
single bus system. The A0 and A1 pins are no connects,

The AT24C16 does not use the device address pins, which
limits the number of devices on a single bus to one. The
A0, A1 and A2 pins are no connects.

WRITE PROTECT (WP): The AT24C01A/02/04/16 has a
Write Protect pin that provides hardware data protection.
The Write Protect pin allows normal read/write operations
when connected to ground (GND). When the Write Protect
pin is connected to Ve, the write protection feature is
enabled and operates as shown in the following table.

2 AT24C01 A/02/04/08/16 T ———



HD44780U (LCD-II)
(Dot Matrix Liquid Crysi:al Display Controller/Driver)
HITACHI

Description

The HD44780U dot-matrix liquid crystal display controller and driver LSI displays alphanumerics,
Japanese kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display
under the control of a 4- or 8-bit microprocessor, Since all the functions such as display RAM, character
generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally
provided on one chip, a minimal system can be interfaced with this controller/driver.

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

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

‘The low power supply (2.7V to 5.5V) of the HD44780U is suitable for any portable battery-driven
product requiring low power dissipation,

Features

* 5x8andS5 x 10 dot matrix possible
® Low power operation support:
— 2710 5.5V
* Wide range of liquid crystal display driver power
=30t 11V
¢ Liquid crystal drive waveform
~— A (One line frequency AC waveform)
* Correspond to high speed MPU bus interface
~— 2MHz (when V= 5V)
* 4-bit or 8-bit MPU interface enabled
* 80 x 8-bit display RAM (80 characters max.)
*  9,920-bit character generator ROM for a total of 240 character fonts
— 208 character fonts (5 x 8 dot)
— 32 chardcter fonts (5 x 10 dot)

167



HD44780U

64 x 8-bit character generator RAM

—- 8 character fonts (5 x 8 dot)

— 4 character fonts (5 x 10 dot)

16-common x 40-segment liquid crystal display driver
Programmable duty cycles

— 1/8 for one line of 5§ x 8 dots with cursor

—— 1/11 for one line of 5 x 10 dots with cursor

— 1/16 for two lines of 5 x 8 dots with cursor

Wide range of instruction functions:

— Display clear, cursor home, display on/off, cursor on/off, display character blink, cursor shift,
display shift

Pin function compatibility with HD447808

Automatic reset circuit that initializes the controller/driver after power on

Internal oscillator with external resistors

Low power consumption

Ordering Information

Type No. Package CGROM
HD44780UAOOFS FP-80B Japanese standard font
HCD44780UA00 Chip

HD44780UA00TF TFP-80F

HD44780UAQO2FS FP-80B European standard font
HCD44780UAD2 Chip

HD44780UA02TF TFP-80F

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBxxTF TFP-80F

Note: xx: ROM code No.

168
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

-

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VCC) -..v.vveveeverereeeonrooo -0.3V to +6V Continuous Power Dissipation (TA = +70°C)

Input Voltages 28-Pin Wide SO (derate 12,50mW/°C above +70°C) .cvnnnn, 1w
Tin, ENA, . ENR, ENT, ENRA, 40-Pin Plastic DIP (derate 11.11mW/C above +70°C) ...611mwW
Eﬁlﬁﬁ. ENTAENTE. cooooveeorveoeosso -0.3Vto (Veo + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) o, 1.07W
RIN oo *25V Operating Temperature Ranges
TOUT (NOE B)...ooovvimiinncnenninanivsoc oo =15V MAX225C_ _, MAX24_C_. _ oo 0°C to +70°C
ROUT ©orvirciecmnniiniinneoiossessoesoss e -0.3Vio (Vce + 0.3V) MAX225E_ _, MAX24_E_ _ |, ....~40°C to +85°C

Short Circuit (one output at a time) Storage Temperature Range................ ..-85°C to +160°C
Tout to GND Continuous Lead Temperature (soldering,1088¢) ..........c..cocrvrovnr. .. +300°C
Rout to GND Continuous

Note 4: input voitage measured with transmitter output in a high-impedance state, shutdown, or Vg = 0V,

Stresses beyond thoss listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device, These are stress ratings only, and functional
operation of the device at thess or any other conditions beyond those indicated In the cperational sections of the specifications Is not Implied. Exposurs to
absolute maximum rating conaitions for extancled periods may affact cavice reliabliity,

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-—MAX249

(MAX225, Ve = 5.0V £5%; MAX244-MAX249, Vee = +5.0V £10%, external capacitors C1-C4 = 1F; Ta = TMIN to Tmax; unless oth-
erwise noted.)

PARAMETER | CONDITIONS | MIN"TYP maAX| UniTs
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 \
Input Logic Threshold High : 2 1.4 \%
) Normal operation 10 50
Logic Pull-Up/input Current Tables 1a~1d Shutdown 2007 1 UA
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Output Voltage Swing All transmitter outputs loaded with 3k to GND 5 7.5 v
, ENA, ENB, ENT, ENTA, ENTB =
Vee, Vour = £15v +0.01 +25
Output Leakage Current (shutdown) Tables ta-1d - LA
Vee =0v,
VOUT = £15V v +0.01 +25
Transmitter Output Resistance Vee = Ve = V- = 0V, Vour = +2V (Note 4) 300 10M Q
Output Short-Circuit Current Vout = 0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 v
RS-232 Input Threshold Low Vee =5V 0.8 1.3 \
RS-232 Input Threshold High Vee = 5v 1.8 2.4 v
RS-232 Input Hysteresis Vee = 5V ’ 0.2 0.5 1.0 \
RS-232 input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 Y
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vec-0.2 v
TTL/CMOS Output Short-Circut Current f-o0u®ing Vour = GND 20
Shrinking Vout = Vee 10 30 mA
Normal of eration, outputs di ,
TTL/CMOS Output Leakage Current Tables 1ap_1 d.ovV< VCF:ST sdvsca:'%{-_ =Vee +0.05  10.10 LA

° NAX LN
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W AXI/V

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where =12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—~MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications

¢ Multiple Drivers and Recelvers ‘

+ 3-State Driver and Recsiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -556°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply R8-232 No, of Cap. Value & Three- Active In Data Rate
Number %) Orivers/Rx Ext. Caps (LF) State SHDN kbps %
+ o —_ ira-low-power, Industry-standard pinout
+5 2/2 4 0. Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes (4 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery suppties;
+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, smali caps
MAX233 (MAX203) +5 22 0 — No — 120 No external caps
MAX233A +8 2/2 0 o No ~— 200 No external caps high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 - Yes - 120 No external caps
MAX236 (MAX208) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/8 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete 1BM PC serial rt
MAX242 +5 2/2 4 0.1 Yes 4 200 Separate shutdown and enable
MAX243 +5 2/ 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes (4 120 - High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes 4 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
N/ Xim Maxim Integrated Products 1

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-8800.

For small orders, phone 1 -800-835-8769.
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Low Power Dual Operational Amplifiers

General Description

The LM 158 series consists of two independent, high gain, in-
ternally frequency compensated operational amplifiers which
were designed specifically to operate from a single power
supply over a wide range of voltages. Operation from split
power supplies is also possible and the low power supply
current drain s Independent of the magnitude of the power
supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM 158 series can be directly oper-
ated off of the standard +5V power supply valtage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15v
power supplies.

The LM358 is also available in a chip sized package
(8-Bump micro SMD) using National's micro SMD package
technology.

Unique Characteristics

® In the linear mode the input common-mode voltage
range Includes ground and the output voltage can also
swing to ground, even though operated from only a
single powar supply voltage,

® The unity gain cross frequency is temperature
compensated.

® The input bias current is also temperature compensated.

Advantages

® Two internally compensated op amps

® Eliminates need for dual supplies

® Allows direct sensing near GND and Vg also goss to
GND

® Compatible with all forms of logic

® Power drain suitable for battery operation

® Pin-out same as LM1558/LM1458 dual op amp

Features

8 Avallable in 8-Bump micro SMD chip sized package,
(See AN-1112)

® Internally frequency compensated for unity gain

w Large dc voltage gain: 100 dB

® Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

m Wide power supply range:
— Single supply: 3V to 32v
— or dual supplies: *1.5V to £16V

M Very low supply current drain (500 HA)—essentially
independent of supply voltage

® Low input offset voltage: 2 mv

% [nput common-mode voltage range includes ground

™ Differential input voltage range equal to the power
supply voltage

® Large output voitage swing: OV to V*- 1,5v

Voltage Controlled Oscillator (VvCO)

0.05:F

|-

R
100k
VW \
1/2 LMI5R

V" Omed
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VVy +

V' 61k
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Connection Diagrams (continued)

1
CUTPUT A et

2
INVERTING INPUT A s

NON-INVERTING
INPUT A

(1]

DIP/SO Package

() .
7
P OUTPUT B
3f L= NN
[ 5
Top View

Ordering Information

INVERTING INPUT 8
NONINVERTING
INNUT D

DS007787-2

Temperature Range
NSC Drawl
Package -55°C to 125'C ~25'C1085'C | 0'Cto70C | —40°C 10 85°C rewing
SO-8 LM358AM LM2804M
* LM35BAMX :
LM358M MosA
LM358MX

8-Pin Molded LM358AN LM2904N NOBE
DIP LM358N
8-Pin Ceramic | LM158AJ/883(Note 17)
DIP LM158J/883(Note 11)

LM158J JOBA

LM158AJLQML(Note 12)

LM158AJQMLV(Note 12)
TO-5, 6-Fin LM158AH/883(Note 11) LM258H LM358H
Metal Can LM158H/883(Note 11)

LM158AH

LM158H Ho8C

LM158AHLQML(Note 12)

LM158AHLQMLY(Note

12)
8-Bump micro LM358BP
SMD ' LM358BPX BPAOBAAA

Note 11: LM158 Is available per SMD #5862-8771001
LM158A is available per SMD #5962-8771002
Note 12: See STD Mil DWG 5962187710 for Radiation Tolerant Devices

]
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