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SYNOPSIS

This project is microcontrolier based Energy Monitor and transmission of energy
through wireless to an EB substation This Project deals with the transmission of the
various parameters automatically to the Computer based server through wireless

media. The various parameters that would be transmitted are:

s Voltage Reading
« Current Reading
« Power Factor

s Power

¢ Energy Consumed

The mode of transmission used is wireless, but depending on the economy and
various factors it could be done with the help of a telephone line or power line too.
Our project uses 89C52 micro controller effectively for reading the above mentioned
parameters by efficient programming. Since the core component is the micro
controller it is cost effective as well as accurate, which is one of the main criteria for
any measuring device, The parameters measured are displayed using LCD display
through 8255 PPI. For the conversion of analog signa! to digital signal ADC is used.

The measured parameter readings are transmitted using Frequency Shift Keying
(FSK) Technique. This FSK technique uses two frequencies of lower range. So in
order to transmit without attenuation this frequencies are modulated with high
frequency carrier signal. By having server based control the main advantages like
24- Hour Surveillance, automatic fault detection, preventing illicit usage, reduced
man power can be achieved.

On the receiver end the received signal is demodulated using a technique which then
converted in to 0's and 1’s in order to receive at the computer. We have used C as a
front-end tool, which displays various parameters. With the help of a computer
based server we can calculate the Bilis for the used electricity, which could be
received like the telephone bills of the present days.
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1. INTRODUCTION

1.1 NEED FOR THIS PROJECT

This project is microcontroller based Energy Monitor and transmission of
energy through wireless to an EB substation. This project will be very much useful to
EB distribution system. This project will not only useful to monitor and transfer

energy, and also it can show the electricity theft.

If suppose we implement the project for a complete network in an area, that
will be consuming very huge amount and it can calculate the energy transmission
and energy consumption. By using the above two values we can calculate the
transmission loses we are going to implement an energy meter with wireless

transmission for single house.

1.2 OVERVIEW

In a house to caiculate the energy we need the following parameters to be
measured. They are voltage, current, power factor, power with power and time we
can calculate the energy. By using potential transformer we can measure voitage,
the potential transformer (P.T.) will give a step down AC output. That AC output will
be converted into DC with the help of a rectifier. The rectifier is actually a precision
rectifier. The precision rectifier will give you a pure DC output according to the input
voltage. The precision rectifier is based on operational ampiifiers. Then the converted

Analog DC voltage will be given to an ADC.



The current transformer is used to measure the current with the help of the
precision rectifier as described earlier. The only difference between voltage
measurement and current measurement is we can directly measure the voltage from
P.T., to measure the current. The C.T has to connect with a shunt resistor. Then the

rectified current output will also be given to the ADC.

The ADC is an eight bit eight channel ADC (ADC0809). This will convert the
analog voltage into digital data and those digital data will be fed into the

microcontroller.

Then the microcontroller will display the voltage and current output in an LCD
display. The accuracy for voltage wiil be 1V and the current will be 0.1 Amps. If you

want to increase the accuracy just we have to increase the number of bits.

Then the power factor will be measured with the help of both C.T & P.T. The
P.T & C.T output will be given to a zero crossing detector and the zero crossing
detector output wil! be given to a logic circuit, that will detect the phase difference
between voltage and current waveform. The voltage and current waveform output

will be given to a timer program that will calculate the power factor.

After measuring the voltage, current, power factor we can easily calculate the
power with the help of a multiplication program. Then by using power and timer we

can calculate the energy.

While transmitting it, we have to transmit all the above parameters, that is
voltage, current, power, power factor and energy, the transmission will take place

through FSK modulation. FSK modulation IC XR2206 will produce two different



frequencies for two logic levels and that will be given to an AM transmitter board.
The AM output will be transmitted through air.

At the receiver end the AM demodulation take place with the help of diode
demodulation technique. Then the AM demodulated output will be given to PLL, the
PLL will give ‘1's and ‘0’s for the frequencies. Then the TTL output will be converted
into RG232 output and that will be given to a PC there we have to write a ‘C++'

program there we can monitor all the measured parameters.

1.3 BLOCK DIAGRAM
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2. POWER SUPPLY UNIT

Since all electronic circuits work only with low D.C. voltage we need a power
supply unit to provide the appropriate voltage supply. This unit consists of
transformer, rectifier, filter and regulator. A.C. voltage typically 230V rms is
connected to a transformer which steps that AC voltage down to the level to the
desired AC voltage. A diode rectifier then provides a full-wave rectified voltage that
is initially filtered by a simple capacitor filter to produce a DC voltage. This resulting
DC voltage usually has some ripple or AC voltage variations. A regulator circuit can
use this DC input to provide DC voltage that not only has much less ripple voltage
but also remains the same DC value even the DC voltage varies some what, or the

load connected to the output DC voltages changes.
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2.1 TRANSFORMER

A transformer is a static (or stationary) piece of which electric power in one
circuit is transformed into electric power of the same frequency in another circuit. It
can raise or lower the voltage in a circuit but with a corresponding decrease or
increase in current. It works with the principle of mutual induction. In our project we
are using step down transformer for providing a necessary supply for the electronic

circuits. In our project we are using a 15-0-15 center tapped transformer.

2.2 RECTIFIER

The DC level obtained from a sinusoidal input can be improved 100% using a
process called full-wave rectification. It uses 4 diodes in a bridge configuration. From
the basic bridge configuration we see that two diodes (say D2 & D3) are conducting
while the other two diodes (D1 & D4) are in “off” state during the period t =0 to T/2.
Accordingly for he negative of the input the conducting diodes are D1 & D4. Thus the

polarity across the load is the same.

2.3 FILTER

The filter circuit used here is the capacitor filter circuit where a capacitor is
connected at the rectifier output, and a DC is obtained across it. The filtered
waveform is essentially a DC voltage with negligible rippies, which is ultimately fed

to the load.



2.4 REGULATOR

The output voltage from the capacitor is more filtered and finally regulated.
The voltage regulator is a device, which maintains the output voltage constant
irrespective of the change in supply variations, ioad variation and temperature
changes. Here we use two fixed voltage regulators namely LM 7812, LM 7805 and
LM7912. The IC 7812 is a +12V regulator IC 7912 is a -12V regulator and IC 7805 is

a +5V regulator.



VOLTAGE & CURRENT TRANSFORMERS

Transformers are used in a.c. systems for the measurement of current,
voltage, power and energy. They are also used in connection with measurement of
power factor, frequency and for indication of synchronism. The transformer used for
measurement of current is called a “Current Transformer” or simply “C.T".
Transformers used for voltage measurements are called “Voltage Transformers” or

“potential Transformers” or simply “P.T.”

2.5 CURRENT TRANSFORMER

The current transformer is used with its primary winding connected in series
with line carrying the current to be measured and, therefore, the primary current is
dependant upon the load connected to the system and is not determined by the load
(burden) connected on the secondary winding of the current transformer. The
primary winding consists of very few turns and, therefore, there is no appreciable
voltage drop across it. The secondary winding of the current transformer has larger
number of turns, the exact number being determined by the turn’s ratio. The
ammeter, or wattmeter current coil, are connected directly across the secondary
winding terminals. Thus a current transformer operates its secondary winding nearly
under short circuit conditions. One of the terminals of the secondary winding is
earthed so as to protect equipment and personnel in the vicinity In the event of an

insutation breakdown in the current transformer.



2.6 POTENTIAL TRANSFORMER

Potential transformers are used to operate voltmeters, the patential coils of
wattmeters and relays from high voltage lines. The primary winding of the
transformer is connected across the line carrying the voltage to be measured and the

voltage circuit is connected across the secondary winding.

The design of potential transformers is quite similar to that of a power
transformer but the loading of a potential transformer is always smail, sometimes
only a few volt-amperes. The secondary winding is designed so that a voltage of 100
to 120 V is delivered to the instrument load. The normal secondary voltage rating is

110 V.

2.7 DIFFERENCE BETWEEN C.T. AND P.T.

There are a few differences in the operation of a current transformer and a

potential transformer.

1. The potential transformer may be considered as’ parallel’ transformer with its
secondary winding operating nearly under open circuit conditions whereas the
current transformer may be thought as a ‘series’ transformer under virtual
short circuit conditions. Thus the secondary winding of a P.T. can be open-
circuited without any damage being caused either to the operator or to the

transformer.



2. The primary winding current in a C.T. is independent of the secondary
winding circuit conditions while the primary winding current in a P.T. certainly

depends upon the secondary circuit burden.

3. In a potential transformer, full line voltage is impressed upon its terminals
whereas a C.T. is connected in series with one line and a small voltage exists

across its terminals. However, the C.T. carries the full line current.

4. Under normal operation the line voltage is nearly constant and, therefore, the
flux density and hence the exciting current of a potential transformer varies
only over a restricted range whereas the primary winding current and

excitation of a C.T. vary over wide limits in normal operation.



3. PRECISION RECTIFIER AND ZERO CROSSING
DETECTOR

3.1 PRECISION RECTIFIER

An absolute-value circuit, or full-wave precision rectifier, can be implemented
by summing the output of a half-wave rectifier and its input with the proper phase
and amplitude relations. Such a circuit in its basic form is shown in figure. This circuit
will be the starting point for a number of other absolute-value circuits, which have

evolved from this basic form.

In this circuit given below, Al is an inverting rectifier similar to the figure. The
output from Al is added to the original input signal in A2 (a summing mixer) with
the signal amplitude and phase relations shown. Negative alterations of Ein feeds A2
through 20-kQ resistor, and E1 feed A2 through a 10-kQ resistor. The net effect of
this scaling is that, for equal amplitudes of Ein and E1, Elwill provide twice as much

current into the summing point.

This fact is used to advantage here, as the negative alteration of €1 produces
twice the input current of that caused by the positive alternation of Ein. This causes
a current of precisely half the amplitude, which E1 alone would generate due to the
subtraction of Ein. It is the equivalent of having El1 feed through a 20-kQ input
receiver and having Ein non-existent during this half cycle, and it results in a positive
going output at A2. During negative alterations of Ein, E1 is absent and Ein produces

the alternate positive output swing that, in summation, produces the desired fuli-



wave rectified response. As before, operation with the opposite output polarity is

possible by reversing D1 and D2.
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Precision Rectifier Circuit

The general —purpose dual-741 type is used in the above circuit. The relation-
ships between resistors for proper circuit operation are noted in the illustration, and
may be satisfied best by a single network. Note that resistor R6 can be used as an

overall gain trim, or for scaling to net gains of (n} other than unity.



3.2 ZERO CROSSING DETECTOR

An important application of comparator is the zero crossing detector or sine
wave to square wave converter. The basic comparator may be used as zero crossing
detector provided that Vg is set to zero. With V; in the form of a sine wave, fig shows
the output waveform. It is clear from fig that the output voltage V, is driven into
negative saturation when the input signal Vi passes through zero and goes in positive
direction. Similarly when Vi passes through zero and goes in negative direction, the
output voltage Vo is driven into positive saturation. This idealized waveform has
vertical sides which in reality, should extend over a range of few mV of input voltage

Vi.

+ 12V

Cl% diodes

i ’ \I D2 Vo
1 l 1—{

<« S
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Zero Crossing Detector
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Input and output waveforms

In some cases, the input voltage Vi may be a slowly changing waveform i.e. a
signal low freguency. Then it takes Vi more time to cross zero fevel. Hence Vo may
not be able to switch quickly from one saturation level to other saturation level. On
the other hand , noise present at the op-amp input may cause Vo to fluctuate
between the two saturation levels +Vsat and -Vsat, thus detecting zero crossing for
noise voltages also in addition to Vi. Both the above problems may be overcome by
using positive or regenerative feedback which causes the output Vo 10 change faster
thereby eliminating the possibility of any false zero crossing due to noise voltages at

the Op-amp input.



3.3 ZERO CROSSING DETECTOR FOR PHASE MEASUREMENT

Isv

10 k
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Zero Crossing Detector for phase angle measurement

Circuit of zero crossing detector of the figure is used for measurement of
phase angle between two voltages or between voltage and current. In our project
this is used to measure the phase angle between voltage and current to calculate the
power factor of the circuit. Both the voltage and current are converted into square
waves using the above circuit and this is given to the transistor to get only the
positive half cycles. Then time interval between the voltage and current wave is
measured using an NAND gate (DM 7400) which produces an output of 1 & 0. These

outputs are given to 89¢52 Microcontroller which with help of timer calculates the



time interval that is proportional to the phase difference between the voltage and

current.

Pulse Waveforms for phase angle measurement



4.1 MICROCONTROLLER 89C52

4.11 ABOUT THE MICROCONTROLLER

The microcontroller 89C52 is widely used in the electronic and almost
all industries. Since the microcontroller controls all the operations it is essential to
discuss about its architecture. The special function registers (SFRs) are described
below.

ACCUMULATOR

ACC is the accumulator register. The mnemonics for accumulator specific
instructions, however, refer to the accumulator simply as A. The accumulator is one

of the important register.

B REGISTER

The B register is used during multiply and division operations. For other
instructions, it can be treated as another scratch pad register.
PROGRAM STATUS WORD (PSW)

The program status word register contains the information regarding program

status as described in the figure.

(MSB)
FO | RSi | RS2 | ov l
-y F
REGISTER BANK SELECT PARITY FLAG
CARRY FLAG AUXILLARY FLAGO IST FLfégl‘s OVERFLOW RESERVED

CARRY FLAG

Program Status word



4,12 89C52 PIN DIAGRAM
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4.13 89C52 ARCHITECTURE
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STACK POINTER

The stack pointer register is 8 bits wide. It is incremented before data is
stored during PUSH and CALL executions. While the stack may reside anywhere in on
chip RAM, the stack pointer is initialized to 07H after a reset. This causes the stack to

begin at location 08H.

DATA POINTER

The data pointer consists of 2 bytes which can be accessed as two separate
bytes as DPH and DPL or as a single 16 bit register as a whole. It is being used to

hold the 16 bit address to refer any data in the data memaory.

PORTS

PO, P1, P2 and P3 are the special function registers (SFR) which are having
the RAM address of 80H, 90H, AOH and BOH respectively. These registers can be bit

addressable also.

SERIAL DATA BUFFER

The serial data buffer is actually two separate registers, a transmit buffer and
a receive buffer register. When data is moved to SBUF, it goes to the data buffer
where it is held for serial transmission. When data is moved from SBUF, it comes

from the receiver.



TIMER/COUNTER REGISTERS

The microcontroller 89C52 has two timer registers namely TO and T1 which
are 16 bit up counters. The counters are being used to monitor both external and
internal events and to provide accurate delays. These registers can be accessed as

single byte registers also. (THO, TLO, TH1 and TL1).

CONTROL REGISTERS

Special function registers IP, IE, TMOD, TCON, SCON and PCON content
control and status bit for the interrupt system, the timer/counter, and the serial

ports.

SERIAL INTERFACE

The serial port is full duplex, meaning it can transmit and receive
simultaneously. It is also receive buffered, meaning that it can commence the
reception of second byte before a previously received byte has been read from the
receive register. The serial port receive and transmit register are both accessed at
special function register SBUF. Writing from SBUF loads the transmit register, and
reading SBUF accesses a physically separate register. The serial port can operate in

following four modes as shown in figure which can be controlied by SCON register.



SCON bit 7 SCON bit 6

. 3
SMo SM1 MODE DESCRIPTION
0 0 0 Shift register : baud = /12
1 1 1 8 bit UART : baud = variable
0 0 2 9 bit UART : baud = {/32 or /64
1 1 3 9 bit UART : baud = variable

Four serial Modes Of 89c52

INTERRUPTS

The 89c52 microcontroller consists of five interrupt sources in which three are
internal and two are external. The two external interrupts are INTO and INT1 which
can be level activated or transition activated, depending on bits of ITO and IT1 in
register TCON. The other three interrupts, which are internal, are the Timerl, Timer2
interrupts and the serial port interrupt.

The Timer0 and Timerl interrupts are generated by TFO and TF1, which are
set by a rollover in their respective timer/counter registers. The serial port interrupt

is generated by the logical OR of RI and TI.

4.14 MEMORY ORGANISATION

PROGRAM MEMORY
The 89c52 has separate address spaces for program and data memory. The
program memory can be up to 64K bytes long. The lower 8K can reside on-chip. The

figure shows the map of the 89¢52 program memory.



FFFF FFFF
56K BYTES
EXTERNAL
64K BYTES
;: EXTERNAL
8000
7FFF
8K BYTES
0000 INTERNAL 0000

DATA MEMORY

The 89c52 has 128 bytes of on-chip RAM, plus a number of Special Function
Registers (SFRs). The lower 128 bytes of RAM which can be accessed by both direct
and indirect addressing can be divided into three segments as,

1. Register Banks 0-3, 2. Bit Addressable Area, 3. Scratch Pad Area.

O0FFF

’i TERNAL
64K BYTES

EXTERNAL
FF
SFRs
DIRECT ADDRESSING
ONLY ,
80 h>
7F o
DIRECT AND INDIRECT
ADDRESSING
nn 0000




4.2 ANALOG TO DIGITAL CONVERTER (ADC0809)

The ADCO809 data acquisition component is a monolithic CMOS device with an 8-bit
analog-to-digital converter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive approximation as the
conversion technique. . The 8-channel multiplexer can directly access any of 8-single-
ended analog signals. The device eliminates the need for external zero and

full-scale adjustments. Easy interfacing to microprocessors is provided by the latched
and decoded multiplexer address inputs and latched TTL TRI-STATE outputs. The
ADC0O809 offers high speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and consumes minimal power. These
features make this device ideally suited to applications from process and machine

control to consumer and automotive applications.

The device contains an 8-channel single-ended anaiog signal multiplexer. A particular
input channel is selected by using the address decoder. Table below shows the input
states for the address lines to select any channel. The address is latched into the

decoder on the iow-to-high transition of the address latch enable signal.

SELECTED ADDRESS LINES
. ANALOG CHANNEL G B A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H H




In our project the analog inputs namely Voltage and Current are to be converted in
to digital outputs in order to access by the 89c52 microcontroller. At regular intervals
one of the inputs is selected and converted to digital 8-Bit output data. The

converted digital output is given to 89¢52 through port 0.

The clock at which this ADCO809 is to be operated is 750 KHz. This clock signal
comes from the external crystal oscillator operating at a frequency of 12 MHz. This
12 MHz clock is used for 89¢52 microcontroller. By using counter this clock frequency
of 12 MHz is divided to obtain 750 KHz and given as clock input for ADCO809, During

each clock period the conversion take place.

Pin details of ADCO809 is shown below

IN3_| 1 28 [ IN2
ING | 2 27 |- IN1
INS — 3 26 |— INO
ING — 4 . 25— ADD A
IN7 T 5 ‘ 24 ADD B
START ~| 6 23| ADDC
EOC | 7 & 22 ALE
2~-5 _| 8B 0 21| 2A-1(MSB)
OUTPUT ENABLE—| 9 & 20 [— 2~-2
€LOCK—] 10 e 19 |—2~-3
vce—| 11 g 18{— 2~-4
VREF{+) —| 12 17 [ 2~-8(LSB)
GND _| 13 16 | VREF(-)
2~-7 _|14 15| 248

Pin diagram of ADC0O809



4.3 DM74LS138 DECODER

These Schottky-clamped circuits are designed to be used in high performance
memory-decoding or data-routing applications, requiring very short propagation
delay times. In high-performance memory systems these decoders can be used to
minimize the effects of system decoding. When used with high-speed memaories, the
delay times of these decoders are usually less than the typical access time of the
memory. This means that the effective system delay introduced by the decoder is
negligible. The LS138 decodes one-of-eight lines; based upon the conditions at the

three binary select inputs and the three enable inputs.

The decoder is used to select 8255-PPI and ADC0809 depending upon the address
lines input of 89¢52. By default the output of the decoder is high. As the chip is

selected the output turns low which selects either ADC or 8255.

4.4 DM7414- HEX INVERTER WITH SCHMITT TRIGGER
INPUTS

This device contains six independent gates each of which performs the logic INVERT
function. Each input has hysteresis which increases the noise immunity and

transforms a slowly changing input signal to a fast changing, jitter free output.,



The function is given by Y=A'

Input Output
A Y
L H
H L

H=High Logic Level
L = Low Logic Level

4.5 DM74LS373-TRANSPARENT LATCH

These 8-bit registers feature 3-STATE outputs designed specifically for driving highly

capacitive or relatively low-impedance loads. They are particularly attractive for

implementing buffer registers, 1/O ports, bidirectional bus drivers, and working
registers. The eight latches of the DM54/74LS373 are transparent D-type latches
meaning that while the enable (G) is high the Q outputs will follow the data (D)
inputs. When the enable is taken low the output will be latched at the level of the

data that was set up.

OF’

D-Flip flop



Function Table

Output Enable D Output
Control G
L H H H
L H L L
L L X QO
H X X Z

H=High Level (Steady State), L = Low Level (Steady State), X = Don't Care
Z = High Impedance State, Q 0 = The leve! of the output before steady-state input

conditions were established.

4.6 74LS393 COUNTER

The 74LS39 is actually dual 4-bit binary ripple counter. It consists
of two 4-bit binary counters. There are separately two master resets to clear each 4-
bit counter separately. Each counter has separate clock so that they can operate
independently. The counters are triggered by a HIGH-to-LOW transition of the clock
inputs.

We are using a master crystal of generating 12MHz signal for the
microcontroller and our ADC operates at the 750 KHz. There is a requirement of
generating 750 KHz frequency signal for ADC using the same crystal. This can be
achieved by applying the master crystal signal to this counter and by loading the

counter with proper count value before ADC begin operations.



4.6 8255-PROGRAMMABLE PERIPHERAL INTERFACE

4.61 DESCRIPTION

The 8255 is general purpose I/0Q interfacing device. It provides 24 1/0 lines

organized as three 8-bit I/O ports labeled A, B, and C. It is a very versatile device in

the means that this can be programmed to look like three simple I/O ports (mode0),

two handshaking 1I/0 ports (model), or a bidirectional I/O port with five handshaking

signals (mode2). There is also a bit reset/set mode that aliows individual bits of port

C to be set or reset for control purposes. Pin definitions and a block diagram are

provided in the following figures.

a

PA3CT— —PA4
PAZC: » [TPA5S
PAL—» w [TIPAG
PAOL—] + # [PA7
RD—]: w CIWR
TS« » [TTIRESET
GND———} » DO
Alr—+ » b1
AQ—» s D2
PC7C—] » 8255 » D3
PC6— v » DY
pPCS—] n » D5
PC4— » D6
PCOT— ~ v D7
PCIC— s % [TV
PC2— =  — 7 4
PC3C— | v u [T IPB6
PBOC | » [CTIPBS
PBIC | v s T _pB4Y
PB2C— | n [JPB3

4.62 PIN DIAGRAM

PIN NAMES
D7-Do |DATA BUS (BIDIRECTIONAL)
RESET |RESET INPUT
CS |CHIP SELECT
RD |READ INPUT
WR |WRITE INPUT
AO,Al1 |PORT ADDRESS
PA7-PAO |PORT A (BIT)
PB7-PBO |PORT B (BIT)
PC7-PCO |PORT C (BIT)
Vce |+5 VOLTS
GND |0 VOLTS

PIN DETAILS




4.63 BLOCK DIAGRAM

1/0
PA7-PAD

K
GROUP B
CONTROL

L

R ——— ettt

1/0
PC4-PC7
1
]
]
]
]
]
]
1
)
-
1/0
\ PCO-PC3
[ ]
1
]
]
]
]
]
]
1 :
i T
L 1/0

GROUPA




CONTROL WORD

As mentioned above the programmable peripheral interface 8255 can be operated in
three different modes as well as bit SET/RESET mode. The mode of operation can be
controlled by a word, which is going to be stored in controi register of the 8255,

called as control word. The format of the control word is shown below.

MODE 0 (BASICI1/0)
when there is no need for conditional or handshaking I/O mode 0 can be

selected. In this mode of operation all the ports are simply treated as 1I/0 ports.

MODE 1 (STROBED 1/0)
This mode of operation is mainly intended for handshaking and interrupt
driven I/0 interfaces. Here, ports A and B are programmed as data ports and pot C

is programmed to carry status signals.

MODE 2 (STROBED BIDIRECTIONAL I/0)

When operated in mode 2, port A of the 8255 becomes a hidirectional data

port supported by five handshaking signals. Port B can operate in mode 0 or mode 1.

BIT SET/RESET MODE

When bit 7 of the 8255 control word is a 0, the bit set/reset mode is active.
In this mode any one bit of port C can be set to a logic 1 or reset to a logic 0. Only
one bit can be set or reset at a time. This feature of 8255 can be taken advantage of

to generate strobe signals.



D2 D3 D4 DS 213 D7

BIT SET/RESET

T SET/RESET MODE 1-SET

O-RESET

2

DO D1 D2 D3 D4 D5 D6 D7

1
\ N, -/ \ NV, / GROUB B L
M DO PC LOWER
. 1-INPUT
0-OUTPUT
1/0 MODE
{ D1 PB
L., ‘ 1-INPUT
0-OUTPUT
D2 MODE SEL
GROUB A 0-MODE 0
D3 PC UPPER 1-MODE 1
1-INPUT
0-OUTPUT
D4 PA
1-INPUT
0-OUTPUT
D5 D6 MO SEL
00-MODE 0
01-MODE 1

1X-MODE 2




5. AM TRANSMITTER

5.1 FSK GENERATOR

In digital data communication, binary code is transmitted by shifting a
carrier frequency between two preset frequencies. This type of transmission is called
frequency shift keying technique. A 555 timer in astable mode can be used to
generate FSK signals. When the input is high, transistor Q is cutoff and 555 timer
works in the normal astable mode of operation. The frequency of the output
waveform is given by

FO = 1.45/(RA+2RB) C

When the input is low Q goes on and connects the resistance RC across Ra.

The output frequency is given by
FO = 1.45/ ((RA| {RC)+2RB) C

The resistance is used to get the desired output frequency.

Frequency shift keying (FSK) is the mostly used method for transmitting
digital data over telecommunications links. In order to use FSK a modulator-

demodulator (modem) is needed to translate digital 1's and O's into their respective

frequencies and back again.

In FSK modulation, the carrier frequency is shifted in steps (or) levels
corresponding to the levels of the digital modulating signal. In case of binary signal,
two carrier frequencies are used, one was corresponding to binary "0’ and ancther to

binary *1°.



TIMER

The 555 timer used in the above circuit is highly stable for generating time
delays or oscillations. A single 555 timer can provide a time delay ranging from
microseconds to hours where as counter timer can have maximum timing range of
days. The 555 timer can be used with supply voltage in the range of +5volts to
+18volts and can drive load up to 200milli ampere. It is compatible with both TTL
and CMOS logic circuits. Because of wide range of supply voltage the 555timers are
versatile and easy to use in various applications. The various applications include
oscillator, pulse generator, ramp generator, square wave generator, monoshot

multivibrator, burglar alarm etc. In our circuit, astable mode of 555 timers is used.

MODULATION

The purpose of a communication is the source and user being physicaily
separate from each other. To do this, the transmitter modifies the message signal
into a suitable form for transmission over the channel. This modification is achieved
by a process known as modulation, which involves varying some parameters of a
carrier wave in accordance with the message signal. The receiver recreates the
original message signal from a degraded version of the transmitted signal after

propagation through the channel.

A process known as demodulation, which is a reverse process of modulation used in
the transmitter, achieves the recreation. However owing to the unavoidable presence
of noise and distortion in the received signal, we find that the receiver cannot

recreate the original message signal exactly. The type of modulation scheme used



influences the resulting degradation in the overall system performance. Specifically
we find that some modulation schemes are less sensitive to the effects of noise and

distortion than others.

5.2 AMPLITUDE MODULATION

The amplitude of the carrier wave is varied in acordance with the amplitude of the

modulating signal. Consider a sinusoidai carrier wave c (t)_ defined by,

C (t) = Ac Cos (2*Pi*Fc*t+¢),

where Ac is the carrier amplitude and Fc is the carrier frequency. We have assumed
that the phase of the carrier wave is zero for specification of the message. The
source of the carrier wave c (t) is physically independent of the source responsible
for generating m (t). An amplitude-modulated wave may thus describe, in its most

general form, as a function of time.

In the circuit shown, schmitt trigger NAND gate CD4011 is used. The carrier
frequency is generated using the ceramic filter of value 10.7 MHz. The resistor R1
and R2 provide the necessary biasing. The modulated output is than transmitted
through the antenna after passing through a capacitor. The antenna used is of aerial

type. In our project the transmitted frequency is 5.5 MHz. The maximum distance to

Which we can transmit is around 30ft to 40ft. the distance to which it can be
transmitted can be improved further by providing some amplification at the output of

the amplitude modulation circuit.
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AM Transmitter

4.3 CD4011-CMOS NAND GATES

The XR2206 IC generates two frequencies namely 1200 Hz and
1000 Hz representing the digital data 1 and O respectively. These generated
frequencies get attenuated while transmitting. In order to avoid that, we are padding
up those frequencies with the high frequency carrier of 5.5 MHz. This transmission is
carried out using the CD4011- NAND GATES where the inputs are 5.5MHz carrier
and one of the two low frequency signals. The presence of logic 1 is represented as

5.5MHz carrier output and logic 0 as zero Hz signal.



6.AM RECEIVER

The encoded message has to now be decoded. The encoded message is received by
receiving antenna and than given to demodulator circuit. This is then given to a
DFSK circuit where O's and 1's are separated out by using carrier at two different
frequencies. Then the output is given to a P.C where message is decoded using the

same algorithm as in encrypment process and the original message is taken out.

6.1 ENVELOPE DETECTOR

An envelope detector is a simple and yet highly effective device that is well suited for
the demodulation of a narrow band AM wave, for which the percentage modulation is
less than 100%. Ideally, an envelope detector produces an output signal that follows

the envelope of the input signal waveform.

Envelope detector consists of a diode and a resistor-capacitor filter. The operation is
as follows. On the positive half-cycle of the input signal, the dicde is forward-biased
and the capacitor C charges up rapidly to the peak value of the input signal. When
the input signal falls below this value, the diode becomes reverse biased and the
capacitor C discharges slowly to the load resistor RI. The discharging process
continues until the next positive half cycie. When the input signal becomes greater
than the voltage across the capacitor, the diode conducts again and the process is
repeated. Thus the demodulation is carried out. In our circuit we are using 0A79

diode.



In digital data communication and computer peripheral, binary data is transmitted by
means of a carrier frequency, which is shifted between two preset frequencies. This
type of data transmission is called frequency shift keying (FSK) technique. The
binary data can be retrieved using FSK demodulators at the receiving end.

The 565 PLL is a very useful as a FSK demodulator. As the signal appears at the
input, the loop locks to the input frequency and tracks it between the two
frequencies with a corresponding and the DC shift at the output. A three-stage filter
removed the carrier component and the output signal is made logic compatible by

the voltage camparator.

6.2 IC PLL 565

The phase detector of this PLL is comprised of differential amplifier pairs provided
with current sink bias source. The output voltage phase detector is limited by diodes

to maximum of +0.7V.

This limiting action helps to minimize the effect of high amplitude noise pulses and
other transient effects on the operation of the PLL. The phase detector has a
balanced output and is supplied to the differential amplifier pair, which serves an
amplifier stage in amplifying the phase detector; output a single ended output is
taken frorm this stage from across the load resistor R1 and connected internally to

the VCO.

Connection of an external capacitor C between Pin 7 and ground will produce a first
order low-pass (lag) network. A capacitor C and a resistor R2 connected in series

between pin 7 and ground will result in lag lead network.



The VCO consists of a voltage controlled current source, which supplies equal
magnitude of charging and discharging currents to an externally connected (pin 9)
timing capacitor CO. A timing resistor is connected between pin8 and positive power
supply. The rest of the VCO circuit is Schmitt trigger with a differential amplifier

output circuit. This controls the turn-on and turn-off for the switching action of the

current source for the charging and discharging.
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MICROCONTROLLER PROGRAMMING

#pragma src;

#include<regS1.h> 7

#include<math.h>

void htdt();

void dist();

void cal();

void disr(};

void htdp();

void htdpi();

void ser_init();

void ser_out{);

void ser_out0(};

void ser_outi();

void ser_out2();

J/void serout(};

void led_init(};

void tkcd_dis{unsigned char*,unsigned char);
void del{});

void delay();

void read();

void write();

void adc0();

void htd0();

void dis0();

void adci();

void htd1();

void disl1();

void power();

void htd2();

void dis2();

void powf(};

void htd3(};

void dis3();

sbit pul=P372;

pdata unsigned char ch0 _at_ 0x08;

pdata unsigned char chl _at_ 0x09;

pdata unsigned char soc _at_ 0x10;

pdata unsigned char_porta _at_ 0x18;

pdata unsigned char portb _at_ 0x19;

pdata unsigned char portc _at,_ Oxla;

pdata unsigned char cwr _at_ Ox1b;

idata unsigned char a0,b0,c0,d0,a1,bl,c1,d1,82,¢2,2,f2,92,h2,i2,j2;
idata unsigned char i,j,x,dat0,datl,ser_data;
idata unsigned int 5,b2,d2;

unsigned int mask,mask2;

unsigned char maskl,data2;

[loat pow_f,pow,dat;

unsigned int pow_f,pow,dat;

idata unsigned int countr=0,ix,b1p,d1p,fip,li1p,bp,dp,fp,hp,reg=0,tt;
unsigned long av;

}/float ttemp1,ttemp2,countl, energy=0,date;
unsigned int ttempl,ttemp2,countl,energy=0,date;
idata unslgned char alp,clp,elp,g1p,ap,cp.ep.ap,l;
idata unsigned int be,de,fe;

idata unsigned char ae,ce,ge, heee;

idata unsigned int bt,dt,ft;

idata unsigned char at,ct,gt, ht,et;

s mr me e ms mE mdme ke WP MT WE WA N ORE mEmE wa he %d Maowe Rl Momeomw oS R
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main{)
RSEG ?PR?main?KCT_PF
maic:
USING o}
; SOURCE LINE # 59
H -
; SCJRCE LINE # 60
; bed_Imit();

; SOURCE LINE # 61
LCALL led_init
; porta=0x80;
; SOURCE LINE # 62
; read();



; delay();

LCALL

LCALL

; led_dis(" PARAMETER ", 16);

; porta=0xc0;

; read{);

; defay();

MOV
MOV
LCALL

MOV
MOV
MOVX

LCALL

LCALL

; led_dis(" DISPLAY. ",16);

; del{);

; del();

; del();

; del();

; del();

; del(};

; porta=0x80;

; read();

; delay();

; led_dis(”

; porta=0xcO;

; read();

; delay();

; led_dis("

; THO=0x00;

MOV
MoV
MOV
MOV
LCALL

LCALL
LCALL
LCALL
LCALL
LCALL

LCALL

LCALL

LCALL

",16);
LCALL
MOV

MOV
MOVX

LCALL
LCALL
",16);

LCALL

SETB

; SOURCE LINE # 63
L?70059

; SOURCE LINE # 64
delay

; SOURCE LINE # 65
R2,#HIGH {?SC_0)
R1,%#10W (?SC_0)
L7000

; SOUHCE LINE # 66
RO, *LOW (porta)

A #CCOH

@R, A

; SCURCE LINE # 67
read

; SCURCE LINE # 68
delay

; SCURCE LINE # 69
R3,#0FFH
R2,#HIGH {?SC_17)
R1,#LOW (?SC_17)
R5,#010H

_led dis

; SCURCE LINE # 70
del

; SOURCE LINE # 71
del

; SOURCE LINE # 72
del

; SOURCE LINE # 73
del

; SCURCE LINE # 74
del

; SOLRCE LINE # 75
del

. SOLILCE LINE # 76

; SCURCE LINE # 77
L?0050

; SOURCE LINE # 78
delay

: SOURCE LINE # 79
L?0061

; SQURCE LINE # B0
RO,#%LOW (porta)

A #OCOH

@RO, A

; SCURCE LINE # 81
read

; SOURCE LINE # 82
delzy

; SOURCE LINE # 83
L?0061

; SOURCE LINE # 84
EA

; SCGURCE LINE # 85



CLR A
MOV THO, A~
; TLO=0x00;
s SOURCE LINE # 86
MOV TLO, A
; TMOD=0x01;
: SOURCE LINE # 87

MOV TMCD, #01H
; ETO=1;
; SOURCEILINE # 88
SETB ETO
; TRD=1;
; SOURCE LINE # 89
SETB TRO
7C0001:
» while(1)
; SOLIRCE LINE # 91
i {
r
» SCURCE LINE # 92
; ser_init();

: SOURCE LINE # 93
LCALL ser_irit
; ser_data=0xff;
; SOURCE LINE # 94
MOV RO, #i.0W (ser_data)
MOV @RC, = 0FFH
: ser_out();
: SOURCE LINE # 95
LCALL ser_cul

H
s for(ix=1;ix<=50;ix++)
: SOLRCE LINE # 97

MOV RO, =1 OW (1x)

MOV @RO, % COH

INC RO

MOV @RG, #01H
?C0003:
H

; SOURCE LINE # 98

HC0006:

; while(pul==0);
: SOURCE LINE # 99
INB pul,7C0006
?C0008:
; while(pul==1);
< : SOURCE LINE # 100
18 pul,?C0008
C0010:
; while{pul==0};
; SOURCE LINE # 101

e pul,?C0010
H
; bb:
s SOURCE LINE # 103
main?bb:
; if(pul==1)
: SOURCE LINE # 104
INB pul,?CH005
HE 4

; SOURCE LIMNE # 105
; countr=countr+1;
; SOUSCE LINE # 106

MOV RO, =L W {rountr+C1H)
INC @RD
MOV A, @R
DEC RO
INZ man i
INC @RO
7C0054:
; goto bb;
» SOURCE LINE # 107
SIMP Tmain?bb
HY

; SOURCE LINE # 108
M



?CO005:

?C0055:

?C0004:

; countl =countr/50;

; cal);

: if{ktempt>10000)

HE
; ttempl1=10000;

; ttemp2=1;

i

?C0014:
; if(ttempl <2000)

HR

; ttempl=10000;

; ttemp2=1;

.

?C0015:
; tt=ttempl;

MOV
INC
MOV
DEC
INZ
INC

MOV
MOV
XRL
DEC
ORL
INZ

MOV
MOV
MoV
INC
MOV
MOV
MOV
MOV
LCALL
MOV
MOV

LCALL

SETB

MOV

suee

MOV

SuBB

JC ?C0014

MOV
MOV

MOV
MOV

CLR
MOV
SUBB
MOV
SuUBB
INC

MOV
MOV

MOV
MOV

s SCURCE LINE # 109

RO, #LOW (ix+01H)
@RC

A@R

RO

00055

@RO

RO, = W (ix+01H}
A@RE

A FOL5H

RO

A@RI

2000073

; SOURCE LINE # 110
RO, #1.0W (countr)
a,6R)

RE,A

RO

A@RO

R7.A

R4, z00H
R5,#032H
*CUIDIY
countl,R6

count: +01H,R7

+ SOURCE LINE # 111
cal

s SOURCE LINE # 112
c

Attempl+01H
A,#010H

Attenipl

A #EUDIH

; SOURCE LINE # 113

; SOUXCE LINE # 114
ttemy: s, ®#027H
ttem;:. +01H, #010H

s SOURCE LINE # 115
tterp2, #00H
ttemp? +01H, #01H

; SOURCE LINE # 116

; SOURCE LINE # 117
C

Attempl+01H

A, #000H

Attempl

A, 8071

7C00L5

; SCURCE LINE # 118
; SOURCE LINE # 119
ttemp?, #027H
ttenu: i +01H, #010H

s SOURCE LINE # 120
ttenyp 2, #00H
tten:2+01H,#01H

: SOUKCE LINE # 121

; SCURCE LINE # 122



r

I

i

’

htdp();

disr();

; mask=tt;

; ser_out2();

adcO();

htdQ(};

dis0();

del(};

ser_out0();

adci();

htd1(});

dis1();

dei();

ser_outl();

del(};

del();

del();

dei():

del();

dei(};

del();

del();

MOV
MOV
INC

MOV

LCALL

LCALL

MOV
MOV
MOV
INC

MOV
MCV

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

RO, 0W (tL)
@RO,ttempl

RO

@RO,tiempl +01H

; SOURCE LINE #
htdp

+ SOURCE LINE #
disr

; SOURCE LINE #
RO, L0OW (tt)
ABRD

masi, N

RO

A,@1R0
mask-+01H,A

; SOURCE LINE #
ser_o.1t2

; SOURCE LINE #
adcC

; SCUNCE LINE #
htd
; SOURCE LINE #
disC

+ SCURCE LINE #
del

; SOURCE LINE #
ser_outd
; SOURCE LINE #

adcl

; SOURCE LINE #
htd1

; SOURCE LINE #
dis1

: SOURCE LINE #
del

; SCURCE LINE #
ser_oull

; SOURCE LINE #
del

; SCLURCE LINE #
del

; SOURCE LINE #
del

; SOURCE LINE #
del

; SQURCE LINE #
del

» SUURCE LINE #
del

: SOURCE LINE #
del

123

124

125

126

128

129

130

131

132

134

135

136

137

138

140

141

142

143

144

145

146



LCALL
H
; power();

LCALL
; powf();

LCALL
i htd2();

LCALL
; dis3(); °©

LCALL
; mask=dat;

MOV

MOV
; ser_out2();

LCALL
‘; date=energy,;

® MoV

MOV
;3 htd3();

LCALL
; dis2();

LCALL
H mask=date;

MOV

MOV
3 ser_out2();

LCALL
; dei();

LCALL
; del();

LCALL
; del();

LCALL
» del(); o

LCALL
i del();

LCALL
H 3

LIMP
; END OF main
CSEG 'AT 0Q000BH

LIMP

H

; void timerQ{void) interrupt 1

 SOLRCE LINE # 147
del

; SCURCE LINE # 149
pow.l

; SOUHCE LINE # 150
powf

; SOUNCE LINE # 151
htd2

; SOURCE LINE # 152
disz

:'SCHURCE LINE # 153
mask,cat
mack--01H,dat+01H

; SCURCE LINE # 154
ser_out2

: SOURCE LINE # 156
date, energy
date+01H,energy+01H

; SOURCE LINE # 157
htd3

; SOURCE LINE # 158
dis2

; SOURCE LINE # 159
mask,date
mask : DIH,date+01H

5 S0URCE LINE # 160
ser_cilt2

s SULIRCE LINE # 161
del

: SOULRCE LINE # 162
del

3 SCnCE LINE # 163
del

: SQURCE LINE # 164
del

; SOURCE LINE # 165
del

; SOURCE LINE # 167
7Co001

timari

© RSEG ?PRYtimer0?iKCT_PF

USING
timerQ:

PUSH

PUSH

PUSH

MOV

PUSH

0

ACC

B

PSw

PSV:, « DOH
ARD



; TRO=Q;

; regl++;

; if(regl==0x10)

HIR ¢
; regl=0;

unsigned char regl;

PUSH
PUSH
PUSH
PUSH
USING

CLR

INC

MOV

CINE

MOV

;  energy=energy+{pow_f/3600};

H
?C0017:

; THO=0x00;
; TLO=0x00;

; TRO=1;

M

; END OF timer0Q

; vaid ser_init(}

ser_init:

HE
; TH1=0x72;

; TMOD=0x20;

MOV
MOV
MOV
MOV
LCALL
MOV
ADD
MOV
MOV
ADDC
MOV

MOV

MOV

SETB

POP
POP
POP
POP
pOP
POP
pOP
pOP
RETI

AR4

ARS

ARG

AR7

0

; SOURCE LINE #

; SOURCE LINE #
TRO

; SOURCE LIME #
regl? 140

: SOURCE LINE #
A,reni?140
A% 010H,?C0017

; SOURCE LINE #

s SCURCE LINE #
regl?140,#00H

s SOLKCE LINE #
R6,paw f

RS,=010H
IV
AR/

Aenergy+01H
energy +01H,A
ARG

Aenargy
enerqy, A

; SOURCE LINE #

; SOURCE LINE #
THO, #00H

: SOURCE LINE #
TLO,#00H

; SOURCE LINE #
TRO

; SOURCE LINE #
ARY

ARG

ARZ

AR

ARC

PSW/

B

ACC

RSEG ?PRZ?ser_init?XCT_PF

USING

MOV

0
; SOURCE LINE #

; SOURCE LINE #

; SOURCE LINE #
TH1,%072H

; STNRCE LINE #

170

173

176

177

178

179

180

181

182

183

186
187

188

189



; TR1=1;
; delay();

i SCON=0x40;

; END OF ser_init
'

; void ser_out()
ser_out:

i {
; SBUF=ser_data;

; delay();

5 SCON=0x40;

; END OF ser_out
H
; vold adcO()

adc0:

+ x=ch0;

; delay();

; dat0=soc;

+ END OF adc0
H
; void htd0()

htd0:

MOV

SETB

LCALL

MOV

RET

TMC 2, #020H

; SOURCE LINE # 190
TR

; SOURCE LINE # 191
delay

; SCU

SCOM,

CELINE # 192
+040H

s SOURCE LINE # 183

RSEG ?PR?ser_ouf?KCT_PF

USING

« MOV
MOV
MOV

LCALL

MOV

RET

0
; SOURCE LINE # 195

; SOURCE LINE # 196

: SOURCE LINE # 187
RO, #1.0W (ser_data)
A,@RO

SBUF, A

; SOURCE LINE # 198
datay

; SCLRCE LINE # 199
SCOM, #0404

Pl
; SOURCE LINE # 200

RSEG ?PR?adcO7(i PF

USING

MOV
MOVX
MOV
MOV

LCALL

MOV
MOVX
MOV
MOV

RET

0
3 SOURCE LINE # 202

; SOURCE LINE # 203

; SOURCE LINE # 204
RD,#LOW {ch0)
A,®RO

RO, #LOW (x)

@RO, A

;s SOURCE LINE # 205
delay

; SOURCE LIMNE # 206
RO, #1L.OW (soc)
AEROD

RO, = L.OW (datd}
@RU, A

; SOURCE LINE # 207

RSEG ?YPR7ZhtdO?HUI PR

USING

0
; SO ICE LINE # 209



iq
; a0=dat0Q/0x64;

; b0=dat0%0x64;

; c0=b0/0x0a;

; d0=b0%0x0a;

; END OF htd0
H

; void dis0{)
dis0:

HE
; porta=0x89;

; read();
; delay();

; porta="V';

write();

; delay();

i porta=':";

; write();

MOV
MoV
MOV
o MQV
DIv
MOV
MOV

MOV
MOV
DIV

MoV
MOV

MOV
MOV
MOV
DIV

MOV
MOV

MOV
MOV
Div

MOV
MOV

RET

; SCURCE LINE # 210

; SOURCE LIME # 211
RO, #LOW {dat0)
A,@RD

R7.A

8,4064H

AB

RO, #LOW (a0}

@RC,A

; SOURCE LINE # 212
AR7

B, #064H

AB

RO, : i OW (D)

@RE, 5

; SOIMCE LINE # 213
A, @10

R7.A

B, #0501

AB

RO, = LOW (¢0}

@RU.

; SCURCE LINE # 214
AR7

B,#CAH

AB

RO, =LOW {d0)
@R,

; SOURCE LINE # 215

RSEG ?PR?disO?KCT PF

USING

MOV
MOV
MOVX

LCALL

LCALL

MOV
MOV
MOVX

LCALL

LCALL

MOV
MOV
MCVX

0
; SOURCE LINE # 217

; SOURCE LINE # 218

; SOUACE LINE # 219
RO, =L OW {porta)

A, #DRIOH

@RO, A

7 SOURCHE LINE # 220
read

; SCUICE LINE # 221
delay

3 SUURCE LINE # 222
RO, = LW {porta)

A, #GSGH

@RO, A

; SCURCE LINE # 223
write

: SOURCE LINE # 224
delay

; SOURCE LINE # 225
RO, #LOW (porta)

A, #03AH

@RO,A

; SOURCE LINE # 226



~

delay();

porta=a0+0x30;

write();

detay();

porta=c0+0x30;

write();

delay();

porta=d0+0x30;

write();

delay();

porta='";

write();

delay(};

porta='";

write();

delay();

porta="";

write();

delay();

porta="";

write();

delay();

porta="";

LCALL
LCALL

MOV
MOV
ADD
MOV
MOVX

LCALL
JLCALL

MOV
MOV
ADD
MOV
MOVX

LCALL
LCALL

MOV
MOV
ADD
MOV
MOVX

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

9
LCALL

LCALL

LCALL

LCALL

write

s SOURCE LINE # 227
delay

; SOLRCE LINE # 228
RO, LDV (aC)
A@RE

; SOLIRCE LINE & 229
write

; SCURCE LINE # 230
delay

; SOURCE LINE # 231
RO, #LOW {c0)
A,@RO

A,#030H

R1,#L0OW {porta)
@R1.A

; SOURCE LINE # 232
write

; SOURCE LINE # 233
delay

; SOURCE LINE # 234
RO, #L0OW (d0O)

A @RN

A, #020H

R1,=.OW {porta)
@R1.A

; SCGURCE LINE # 235
write

; SCURCE LINE # 236
delay

; SOURCE LINE # 239

; SOURCE LINE # 238
L?0357

; SOURCE LINE # 239
delay

; SOURCE LINE # 240

; SOURCE LINE # 241
L?0057

; SOURCE LINE # 242
delay

; SODURCE LINE # 243

; SOURCE LINE # 244
L?00553

; SCIRCE LINE # 245
delny

; SOURCE LINE # 246

; SOURCE LINE # 247
LrCce

; SOVRCE LINE # 248
delery



write();

delay();

; porta='";

write();

delay();

porta="";

write();

delay(};

END OF disQ

b

void ser_outQ({)

.~

.-

ser_outQ:

i{

; ser_data=dat0;

; ser_out{);

; END OF ser_out0
V¥

: void adc1()

adel:

; x=chl;

; delay();

; datl=soc;

; END OF adci

5 SOURCE LIME # 245

; SOURCE LINE # 250
LCALL L?P0053

; SOURCE LINE # 251
JCALL delay

5 SOURCE LIME # 252

; SOURCE LINE # 253
LCALL L?0058

; SOURCE LINE # 254
LCALL delay

; SOUACE LINE # 255

i SOURCE LINE # 256
LCALL L2653

; SOURCE LINE # 257
UMp deiay

RSEG ?PR?ser_outC?KCT_PF

USING 0 .
. SOURCE LINE # 260

; SOURCE LINE # 261

; SOURCE LINE # 262

MOV RO, #LOW {dat0)

MOV A,@RO

MOV RO, #LOW {ser_data)
UMOV @RO, A

; SOURCE LINE # 263
UmMp ser _out

RSEG 7PR?adel?KIT_PF

USING 0
; SULIRCE LINE # 2586

3 SULIRCE LINE # 267

; SOLRCE LINE # 268

MOV RC, #.0W (chl)
MOVX A, 1Ry
MOV RO, =L OW (x)
MOV @RO,A

; SOURCE LINE # 269
LCALL delay

; SOURCE LINE # 270
MOV RO, #LOW (s0c)
MCVXY A,EGRD
MoV RO, #L0W (dat1)
MOV @RI, A

; SCURCE LINE # 271
RET



; void htd1i()
htdi:

i

; al=datl/0x64;

; bl=dat1%0x64;

; cl=bl/0x0a;

; d1=b1%0x0a;

; END OF htd1
H

; void dis1{)
disl:

HES
; porta=0xc0;

; read();
i delay();

porta='T";

r write();

; delay();

RSEG ?PR?htd1?kCI_FF

USING

MoV
MOV
MOV
MOV
DIV

dVIOV

MOV

MOV
MOV
DIV

MOV
MOV

MOV
MOV
MOV
DIv

MOV
MOV

(¥}
MOV
MOV
DIv
MOV
MOV

RET

0
; SOURCE LINE # 273

; SCLRCE LINE # 274

; SOURCE LINE # 275
RO, #LOW (datl)

A, @R

R7,A

B,#0G4H

AB

RO,%1.0W (a1)

@RI, A

; SOURCE LINE # 276
AR7
,£054H
AB
RO, #LOW (b1)
@RrO,B

: SOURCE LINE # 277
A,GR

R7.1

B, #0/H

AB

RO, 5L0W (c1)

@RD, A

s SOURCE LINE # 278

dn

; SOURCE LINE # 279

RSEG ?PR?dis1?KC1 _Pl

USING

MOV
MOV
MOVX

LCALL

LCALL

MOV
MOV
MOVX

LCALL

LCALL

0
; SOURCE LINE # 281

; SOURCE LINE # 282

: SOURCE'LINE # 283
RO, =.OW {porta)
A,#0C0H

@RO, 5

; SOURCE LINE # 284
reard

5 SCLIRCE LINE # 285
delay

; SOVRCE LINE # 2B6
RO, #1.OW {porta)

A, FCOH

@RO, A

; SOURCE LINE # 287
write

; SOURCE LINE # 288
delay



-

-

porta=':";

MOV

MOV

MOVX
write();

LCALL
delay();

LCALL
porta=al+0x30;

MOV

MOV

ADD

MOV

MOVX
write();

LCALL
delay();

LCALL
porta=cl+0x30;

MOV

MOV

GADD

MOV

MOVX
write();

LCALL
delay();

LCALL
porta=".";

MOV

MOV

MOVX
write();

LCALL
delay(); u

LCALL
porta=dl+0%x30;

MOV

MOV

ADD

MOV

MOVX
write();

cCALL
delay();

LCALL
porta="";
write();

JCALL

delay();

LCALL
porta='";
write();

LCALL
delay();

; SOURCE LINE # 289
RQ,#1.0W (porta)

A, #03AH

@RO, A

: SOURCE LINE # 290
write

; SCURCE LINE # 291
delay

1 SOURCE LINE # 252
RO, #L.OW (al)

AORD

A #07

@R1,A

; SOULRCE LINE # 283
WriLe

- SOURCE LINE # 294
delay

3 SOURCE LINE # 295
RO, #_0OW (c1)

A@RT

A, #030H

R1,#1 OW (porta)
@R1,A

; SOURCE LINE # 296
write
; SOURCE LINE # 297
delay

; SOURCE LINE # 298
RO, 7LOW (porta)
A,%02EH

@RO, N

; SOURCE LINE # 299
write

; SOURCE LINE # 300
delay

7 SOURCE LINE # 301

5 SOURCE LINE # 302
write

; SOURCE LINE # 303
delay

5 SOURCE LINE # 304

: SGURCE LINE # 305
L?0058

; SOURCE LINE # 306
delay

; SOURCE LINE # 307

; SOURCE LINE # 308
L7008

; SOURCE LINE # 309



porta="";

write();

-

delay(};

i porta='’;

write();

delay(};

; porta='’;

write();

delay{);

; porta='";

write();

.

; delay();

; porta='’;

write();

delay();

.

i porta='";

write();

delay();

END OF dis1

}

void ser_outi{)

.

ser_outl:

o

; ser_data=datl;

; ser_out();
; END OF ser_outl
H

; void power()

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

LCALL

dCALL

LCALL

vmp

delay
s SOURCE LINE # 310

; SUURCE LINE # 311
L7000

; SOURCE LINE # 312
delay

; SOURCE LINE # 313

; SOURCE LINE # 314
170058

; SOURCE LINE # 315
delay

; SOURCE LINE # 316

; SOURCE LINE # 317
L?0058

; SOURCE LINE # 318
delay

; SOURCE LINE # 319

; SOURCE LINE # 320
L?0058

; SOURCE LINE # 321
delay

; SCURCE LINE # 322

; SCURCE LINE # 323

; SOLRCE LINE # 324
delay

; SOURCE LINE # 325

; SOURCE LINE # 326
L?0058

; SCURCE LINE # 327
delay

RSEG ?PRYser_outl KCT_PF

USING

MOV
MOV
MOV
MOV

LIMp

0
; SOURCE LINE # 330

T SUURCE LINE # 331

; SOURCE LINE # 332
RO, = OW (datl)
A@1
RQ, % .OW (ser_data)
@RaO, A

; SOURCE LINE # 333
ser out



power:
HE S

; float volt,cur;
; volt=dat0;

; cur=(float)dat1/10;

RSEG ?PR?power?KCT_PF

USING

N

MOV
MOV
MOV
CLR
LCALL
MOV
MOV
YoV
MOV

MOV
MOV
MOV
CLR
LCALL
CLR
MOV
MOV
MOV
MOV
LCALL

0
; SOURCE LINE # 336

; SOURCE LINE # 337

; SOURCE LINE # 339
RO, #1.0W (det0)

A, ORD

R4,4

A

PCYFLUASTC

volt?1 241 +03H,R7
velt?:2414+02H,R6
volt?1241+01H,R5
volt?1741,Ra

; SOURCE LINE # 340
RO, #1 QW {darl)
A,©R

R4,/

A

PCPFCASTC

A

R3,A

R2,A

R1,#020H

RO, %#041H
?C7FPDIV

;==-- Variable 'cur?1242* assigned to Register 'R4/R5/RE/R7" -

; pow=voit*cur;

; dat=pow*100;

H

; END OF power
;

; void hed2()
htd2:

o
; a2=dat/0x2710;

+ b2={unsigned long)dat%0x2710;

~

MOV
MOV
MOV
MOV
LCALL
LCALL
MOV
MOV

MOV
MOV
LCALL
MOV
MOV

L)
RET

; SOURCE LINE # 341
R3,volt?1241+03H
R2,volt?1241+02H
R1,volt?1241+01H
RO,voIt?71241
CPFPMUL

2C?CASTF

pow, G

pow+{1H,R7

; SOURCE LINE # 342
R4, 00H

RS, #1564 H

CYIMUL

dat, R’

dat i-i:LH,R7

; SOUACE LINE # 343

RSEG ?PR?htd27KCY_PF

USING

MOV
MOV
A0V
MOV
LCALL
MOV
MOV

MOV
MOV

0
; SQURCE LINE & 345

; SOURCE LINE # 346

; SOURCE LINE # 347
RS, dat

R7 dat+01H
R4,#027H

R5,#010H

PCPUIDIV

RO,#1.OW (a2}
@RO,ART

; SOURCE LINE # 348
R6,dar
R7,du+01H



CLR A

MOV R4, A

MOV RS, A

MOV R3,%C10H
A0V R2,%027H
MOV R1,A

MOV RO, A

LCALL ?C?UIOIV
MoV RE,AR2
MOV R7,AR3
MoV RO, #LOW (b2)
MOV @RO, ARG
INC RG

MOV @RJO,AR7 o

: £2=b2/0x3e8;
: SOURCE LINE # 549

DEC RO

MOV A @R
MOV RZ,A

INC RO

MOV A@RD
MOV R3,A

MOV R4,= 030
MOV RS, 0ESH
MOV R7,A

MOV RG, A2
LCALL PCIUIDIV
MOV RO,#LOW (c2)
MOV @RO,AR7

; d2=b2%0x3e8;
; SOURCEZ LINE # 350
MOV R4, #{03H

MOV RS, # GESH
MOV RY, A3

MOV RE,AR2

LCALL PCUIDIY
MOV RO, %LOW {d2}
MOV BRO,ARY

INC RO

MOV @RO,ARS

; e2=d2/0x64;
; SOURCE LINE # 351

DEC RO

MOV A,@RO
MOV R2,A

INC RO

MOV A,@RO
MOV R3,A

MOV R4, %00H
MOV RS, 5064H
MOV R7.A

MOV RG, AR
LCALL PCUIDIV
MOV RO, #LOW (e2)
MOV @R0,ARY

; f2=d2%0x64;
; SOURCE LINE # 352

MOV R4 #00H
MOV RS, #0554H
MOV R7,AR3

MOV RE ARD
LCALL PCTIIDIV
MOV RO, «1.OW (2}
MOV @RI, ARS

; 92=f2/0x0a;
; SOURCE LINE # 353

MOV AR
MOV R7, M
MOV B, E0AH
Div AB

INC RO
MOV @RI, A

; h2=f2%0x0a;
; SOURCE LINE # 354
MOV AR7
MOV B,#0AH



Div AB
INC RGO
MOV @R, B

3 SOURCE LINE # 355
RET
3 END QF htd2

; void htd3()

RSEG ?PR?htd37?KIY _PF
htd3: o
USING 0
7 SOUNRCE LINE # 357
HEY

; ae=date/0x2710;

; SOURCE LINE # 358

: SOURCE LINE # 359

MoV R&, i

MOV R7,date+01H
MOV R4,%1U27H
MOV RS, #010H
LCALL CPUIDIV
MOV RO, #LOW (ae;}
MOV @R0O,AR7

; be=(unsigned long)date%0x2710;
; SOURCE LINE # 360

MOV R&,date

MOV R7,date+01H
CLR A

MoV R4,A

MOV RS, A

MOV R3.#010H
MoV R2,4%027H
MoV R1,A

MOV RO, A

LCALL FCTULDLY
MOV R& ARZ

MOV R7.ARZ

MOV RO, #LOW (be)
MOV @R, ARG
INC RO

MOV @RO,AR7

; ce=be/0x3e8;
s SOURCE LINE # 361

DEC RO

MOV A GOROD
MOV RZ.MA

INC RG

MOV A ERE
MOV R3.A

MCV R4, & C3H
mMov RS, #1ESH
MOV R7.,4

MOV RE,AR2
LCALL CPUIDIV
MOV RO, #LOW (ce)
MOV @RO,ARY

; de=be%0x3e8,
; SOURCE LINE # 362

MOV R4,#03H

MOV RS, #0ESH
MOV R7,AR3

MOV R6,AR2

LCALL ICZUIDIY
MOV RO, ZLOW (de)
MOV @R, ARA

INC RO

MOV @RO,ARS

; ee=de/0x64;
; SOURCE LINE # 363

DEC RC
MOV A, RO
MOV R2,A

INC RO



; fe=de%0x64;

; ge=fe/0x0a;

; he=fe%0x0a;

i}

; END OF htd3
: void dis2()
dis2:

HR

5 porta=0xc0;

3 read();
; delay();

; porta='E'";

; write();

MOV
MOV
MOV
MOV
MOV
MOV
LCALL
MoV
MoV

MOV
MOV
Rov
MOV
LCALL
MOV
MOV
INC
MOV

DEC
MOV
MOV
INC
MOV
MOV
MOV
MOV
MOV
MOV
LCALL
MOV
MOV

MQV
MOV
MOV
MOV
LCALL
MOV
MOV

RET

AR

3,8
R4,z 00
RS, #0061H
R7, A
RG,ARD
2C2UIDIV
RO, #L0OW (ec)
@RO,ARY

; SOURCE LINE # 364
R4,#00H

RS, £064H

R7,AR3

R6,AR2

PC7UIDIV

RO, #LOW (fe)

@R, AR

RO

@RO,ARS

; SOURCE LINE # 365
RO

A RO

R2,A

RG

A ERI

R3,4

R4,700H

RS, < 0AH

R7.,A

RG, AR
FCRULNIY
RC,#1.0W {ge?}
@RO,ARY

; SOURCE LINE # 366
R4, #GOH

RS,#0AH

R7,AR3

RE,ARZ

PCIUIDIY

RO, #LOW (he)
@RO,ARS

; SOURCE LINE # 367

RSEG ?PR?dis2?KCT_PF

USING

MOV
MOV
MOVX

LCALL

LCALL

MOV
MOV
MOVX

0
; SOURCE LINE # 369

; SOURCE LINE # 370

s SOURCE LINE # 371
RO, %10V (porta)

A, E0COH

@R, A

7 SOURCE LINE # 372
read

; SOURCE LINE # 373
deloy

; SOURCE LINE # 374
RO, #L.OW (porta)

A, #045H

@RO, A

; SOURCE LINE # 375



delay();

porta="";

write();

delay();

porta=ae+0x30;

write();

delay();

porta=ce+0x30;

write();

delay();

porta=ee+0x30;

write();

delay();

porta='.";

write();

delay(});

porta=ge+0x30;

write();

delay();

LCALL
LCALL

MoV
MoV
MOVX

LCALL
LCALL

MOV
MOV
ADD
MOV
MovX

LCALL
LCALL

MOV
MOV
ADD
MOV
MOVX

LCALL
LEaLL

MOV
MOV
ADD
MOV
MOVX

LCALL
LCALL

MOV
KoV
MOVX

LCALL
LCALL

MOV
MOV
ADD
MOV
MOVX

LCALL

write

; SOURCE LINE # 376
delay

; SOURCE LINE # 377
RO, #L0OW {porta)

A, 7 O3AH

@RO,A

; SOURCE LINE # 378
Write

; SOURCE LINE # 379
deloy

; SOURCE LINE # 380
RO, #LOW (ac)

A RO
A, % 030H
RL,7LOW {porta)
@R1,A

+ SCURCE LINE # 3B1
write

; SOURCE LINE # 382
delay

+ SOURCE LINE # 383
RO, #LOW (ce)

A,@RO

A, #0350H

R1,#LOW {porta)
@R1,~

+ SOURCE LINE # 384
write

+ SCURCE LINE # 3B5
delay

; SOURCE LINE # 386
RO, 21 OV {ee)

A,@RU

A, E030H

R, =10 (porta)
@i

3 SUOURCE LINE # 387
writo

i SOURCE LINE # 388
delay

; SOURCE LINE # 389
RO, #LOW {porta)
A,#02EH

@RO, A

; SQURCE LINE # 390
Write

; SOURCE LINE # 391
delay

; SOURCE LINE # 392
RO, #LOW {ge?)
A,@RO

A, #030H

R1,#L0OW (porta)
@R, A

; SOURCE LINE # 393

write



porta=he+0x30;

write();

delay();

porta="";

write();

delay();

porta="";

write();

delay(};

porta="";

write();

delay();

porta='";

write();

delay();

porta='";

write();

delay();

porta="'";

write();

delay();

porta='";

write{};

delay();

porta="";

write();

LCALL

MOV
MOV
ADCD
MOV
MOVX

LCALL

LCALL

LoALL

LCALL

LCALL

LCALL

LCALL

LEALL

LCALL

LCALL

LCALL

L2ALL

LCALL

LCALL

LCALL

LCALL

LCALL

; SOURCE LINE # 394
delay

; SOURCE LINE # 395
RO, %L0OW (he)

A,@R0

A,#020H

R1,#LOW (porta)
@R1,A

; SOURCE LINE # 386
write

; SOURCE LINE # 357
delay

7 SOURCE LINE # 358

; SOURCE LINE # 389
L?70058

s SOUACE LINE # 400
delay

» SDURCE LINE # 401

; SOURCE LINE # 402
L?03258

; SOURCE LINE # 403
delny

; SDURCE LINE # 404

; SOURCE LINE # 405
L?0058

; SOURCE LINE # 406
delay

; SOURCE LINE # 407

; SOURCE LINE # 408
L70058

; SOURCE LINE # 409
delay

; SOURCE LINE # 410

; SOURCE LINE # 411
L?0058

; SOURCE LINE # 412
detay

; SOURCE LINE # 413

; SOURCE LINE # 414
L?0058

; SOURCE LIMNE # 415
delay

3 SOURCE LINE # 416

; SOURCE LINE # 417
L?0058

; SOURCE LINE # 418
delay

; SOURCE LINE # 419

; SOURCE LINE # 420
L?0058



; delay();

; END OF dis2
M

r
: void ser_out2(}
ser_out2:

HEY

ser_data=maskl;

-

; ser_out();

del(};

-

del();

; del();

; mask2=mask&0xffO0;

mask2=mask2>>8;

.

; data2=mask2;

; ser_data=dataz;

ser_out();

e

del();

; del();

dgel();

; END OF ser_out2

}

void powf{)

powf:

i {

5 pow_f=pow*ttemp2;

Ump

; SOURCE LINE # 421
delay

RSEG ?PR?ser_outZyKCT_Pt

USING

maskl={unsigned charjnrask;

MOV

MOV
MOV

LCALL
LCALL
LCALL
LCALL

MOV
MOV

MOV
MQV
MOV

MOV
MoV
MOV
LCALL
LCALL

LCALL

LImp

0
s SOURCE LINE # 424

7 SOURCE LINE # 425

; SOURCE LINE # 426
maski, mask+01H

5 SOURCE LINE # 427
RO, #L0OW (ser_data)
@R0O, maskl

: SOURCE LINE # 428
ser_out

7 SOURCE LINE # 429
del

; SOURCE LINE # 430
del

; SOURCE LINE # 431
del

 SOURCE LINE # 432
mask2,mask
mask2 +01H, #00H

; SOURCE LINE # 433
A, mask?
meask2-HO1H, M
mask?Z, #J0H

i SOURCE LINE # 434
dara?,mask2-+-01H

» SOURCE LINE # 435
RO, #LOW {ser_data)
@RI, data2

; SOURCE LINE # 436
ser_out

; SOURCE LINE # 437
del

; SOURCE LINE # 438
de!

+ SOURCE LINE # 438
del

RSEG ?PR?powf?<KCT _[F

USING

0
s SOURCE LINE # 443

7 SOURCE LINE # 444



; dat=pow_f*100;

S

; END OF powf
;; void dis3()
dis3:

i<
; porta=0x80;

; read();

delay();

; porta='P';

write(};

; delay();

; porta="t";

; write();

delay(};

; porta=a2+0x30;

i write();

; delay();

; porta=c2+0x30;

MOV
MOV
MOV
MOV
LCALL
MOV
MoV

MOV
MOV
LCALL
MOV
MOV

RET

; SOURCE LINE # 445
R4, ttemp2
R5,ttemp2+01H
RE,pow

R7,pow+01H

0P IMUL

pow_f,R6
pow_f+01H,RY

; SOURCE LINE # 448
R4, #00H

RS, #064H

PCIMUL

dal,R6

det+01H,R7

s SOURCI: LINE # 447

RSEG ?PR?dis32KCT PF

USING

LCALL
LCALL

MoV

MOV

MOVX
o

LCALL
LCALL

MOV
MOV
MOVX

LCALL

LCALL

tur

MOV
MOV
ADD
MOV
MOVX

LCALL
LCALL.

MOV
MGV

0
s SOURCE LINE # 449

; SOURCE LINE # 450
; SOURCE LINE # 451

; SOURCE LINE # 452
L?00G0

s SOURCE LINE # 453
delay

; SOURCE LINE # 454
RO, #LOW (porta)

A, #050H

@RO,A

: SOURCE LINE # 455
write

3 SOURCE LINE # 456
deiay

; SOURCE LINE # 457
RO,#1L.0OW (porta)

A, =03AH

@RO, A

s SOURCE LINE # 458
wWriLo

; SOURCT LIMNE # 459
de.ay

5 SOURCE LINE # 460

; SOURCE LINE # 461
write

: SOURCE LINE # 462
delay

; SOURCE LINE # 463
RO, #LOW (c2)
A, @RO



-

-

write();

delay();

porta=e2+0x30;

write();

delay(};

porta=".";

write();

delay();

porta=g2+0x30;

write();

delay();

porta=h2+0x30;

write();

delay(};

porta="";

write(});

delay();

porta="";

write();

delay();

porta='";

ADD
MOV
MOVX

LCALL
LCALL

MoV
MOV
ADD
MOV
MAVX

LCALL
LCALL

MQV
MOV
MOVX

LCALL
LCALL

-

MOV
MOV
ADD
MOV
MOVX

LCALL
LCALL

MOV

MOV

ADD

MOV

MOVX
'

LCALL

LCALL

LCALL

LCALL

LALL

LCALL

A, #030H
R1,#L0OW (porta)
@RL,A

; SOURCE LINE # 464
wrile

; SOURCE LINE # 465
delay

; SOURCE LINE # 466
RO, ZLOW (&2)

A @RO

A, 20305

R1,.zL0OW (porta)
@14

5 SOURCE LINE # 4867
write

: SOURCE LINE # 468
delay

; SOURCE LINE # 469
RO, #LOW (porta)

A, #02EH

@RO,A

+ SOURCE LINE # 470
write

s SOURCE LINE # 471
delay

; SOURCE LINE # 472
RO, # LOW (g2)
ARG

A, #020H

R1,%#LOW (porta)
@R

; SOURCE LINE # 473
wrig

: SODURCE LINE # 474
delay

; SOURCE LINE # 475
RO,2L0OW (h2)

A GIRD

A, 7 030H

R1,#LOW {porta)
@R1,A

; SOURCE LINE # 4786
write

; SOURCE LINE # 477
delay

; SOURCE LINE # 478

; SOURCE LINE # 479
L0058

s SOURCE LINE # 480
delay

: SOURCE LINE # 481

; SOURCE LINE # 482
L?00SH

5 SOURCE LINE # 483
deiay



write();

delay();

e

, porta='";

write();

delay();

; porta='";

write();

delay();

-

; porta="";

; write();

delay();

i porta='";

write();

delay();

; porta='";

write();

delay();

END OF dis3
}

void led_init()

lcd_init:

HR

; cwr=0x380;

; porta=0x38;

; read();

; delay();

LCALL

LCALL

'
LCALL

LCALL

LCALL

LCALL

LCALL

~
LCALL

LCALL

LCALL

LCALL

LIMP

; SOURCE LINE # 484

, SOURCE LINE # 485
L?0058

; SOURCE LINE # 486
delay

; SOURCE LINE # 487

; SOURCE LINE # 488
L?0058

; SOQURCE LINE # 48%
deiay

; SOURCE LINE # 490

; SOURCE LINE # 491
L?0058

; SOURCE LINE # 492
delay

; SOURCE LINE # 493

; SOURCE LINE # 494
LP00%:

y SOURCE LINE # 495
delay

; SCURCE LINE # 496

; SOURCE LINE # 497
L?0058

; SOURCE LINE # 498
delay

» SOURCE LINE # 499

+ SOURCE LINE # 500
L?0058

; SOURCE LINE # 501
delay

RSEG ?PR?lcd_init?KCT_PF

USING

MOV
MOV
MOVX

MoV
MOV
MOVX

LCALL

LCAlLL

0
; SOLRCE LINEG # 505

» SOUNCE LIMNE # 506

; SUURCE LIMNE # 507
RO, #L0OWY [Cwr)

A, = CE0H

@RO, A

; SOURCE LINE # 508
RO, #LOW (porta)

A, #0328H

@R, A

; SOURCE LINE # 509
read

; SOURCE LINE # 510
delay



’

r

I

r

’

’

’

r

’

'

?

’

r

; END OF led_init

¢

porta=0x08;

; read();

; delay();

; porta=0x01;

; read();

; delay():

; porta=0x06;

; read(});

delay();

porta=0x0c¢;

read();

delay();

porta=0x45;

read();

delay();

H

; SOURCE LINE # 511

MOV RO,=LOW (porta)
MOV A, 208
MOVX @RO, M

3 SOURCE LINE # 512
LoALL read

s SOURCE LINE # 513

LCALL delay

; SOURCE LINE # 514
MOV RO, =1.0OW {porta)
MOV A, FOiH
MOVX @RI, A

; SOURCE LINE # 515
LCALL reqs

. SOURCE LINE # 516
LCALL delay

; SOURCE LINE # 517
Mt RO, #LOW (porta)
MOV A, #06H
MOVX @RO,A

s SOURCE LINE # 518
LCALL read

; SOURCE LiNE # 519

LCALL delay

; SOURCE LINE # 520
MOV RO, #LOW (porta)
MOV A, 0CH
MOVX @RC,A

s SOURCE LINE # 521
LCALL reac
o : SOURCT LINE # 522
LCALL deiny

3 SOURCE LINE # 523
MOV RO, =#L0W (porta)
MOV A, #045H
MOVX @R0, N

s SOURCE LINE # 524
LCALL read

; SOURCE LINE # 525
LMP delay

; vold Icd_dis(unsigned chav *mess,unsigned char n)

L?0061:

L?0062:

_lcd_dis:

RSEG 7PR?_lcd_dis?XCT_PF

USING 0
MOV RZ,#HIGH (78C_34)
MOV R1,=L0OW (?SC_34)
MOV
MOV
USING 4}

= LINE # 528
MOV 557 2043,R3
MOV mess? - 043+ 01H,R2
MOV Fr043+02H,RL

MOV 230440, 15



HR

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

?C0037:

HIR

; porta=mess[i];

7 write();
; delay();

Pk

P}
7C0040:

; END OF _lcd_dis
: void read()
L?20059:

L?0060:

read:

HES

; porte=0x04;

; delay(});

H portc=0xb0 ;

; delay();

; END OF read

CLR
MOV
MOV

MOV
MOV
MOV
CLR
SuUBB
INC

MOV
MOv
MOV
MOV
MOV
LCALL
MOV
MOVX

LEALL

LCALL

MOV
INC
SimpP

RET

L

; SOURCE LINE # 529

; SOURCE LINE # 530
A

RO, LW (i)

@RO, A

RO, #LOW (i)
A,@RO

R7,A

C

A,r32044
?C0040

; SOURCE LINE # 531

R2,
R1,m
DPL,R/
DPH, & 00k
?CTCLL
RO, # LW {porta)
@EO, A

; SOURCE LINE # 533

7 SOURCE LINE # 534
delay

; SOURCE LINE # 535
RO, #L.OW (1)

@RO

200037

; SOURCE LINE # 536

RSEG ?PR?read?kCT PF

USING
MOV
MOV
MOVX

USING

MOV
MOV
MOV

LCALL

CLR
MOV
MOVX

LIMP

0

RO, = LW (porta)
A, = UE01
Q@RG, M~

0
: SOURCE LINE # 538

; SOURCE LINE # 539

Z LINE # 540

[d]
3 SOURCE LINFE # 541
delay

; SOURCE LINE # 542
A

RO, #LOW (portc)
@RO,A

; SOURCE LINE # 543
delay



5}

!

; void write()
L?0057:
L?0058:
write:

i {
5 porte=0x05;

; delay{);

; portc=0x01;

; delay();

; END OF write
H S

; void delay()
delay:

i {

RSEG ?PR?write?KCT _I'F

USING
MOV
MoV
MOWVX

USING

MV
MoV
MOVX

LCALL

MOV
MOV
MOVX

ume

~

0

RG, # Ly {porta)

A, HO20H
@RO, A

0
§ SOURCE LINE

; SOURCE LINE

; SOURCE LINE

T
#

#
#

#

RO, #LOW {portc)

A, #05H
@RO,A

546
547

548

; SOURCE LINE # 549

cdelay

; SOURCE LINE # 550
RO, #L0OW (portc)

A, 01
@RO, A

; SOURCE LIME # 551

deley

RSEG ?PR?delay?KC™_PF

USING

; for(j=0x00;j<=0xfe;j++)

?C0043:

.
?C0046:

; END OF delay
H

; void del()
del:

i {

CLR
MOV
MOV

MOV

IRC

MOy

SETB

suBBs

JC 7CC043

RET

o]
; SUUCE LINE

; SUURCE LINE

; SOURCE LINE
A

RO,4LOW (3)
@R0,A

; SOURCE LINE
RO, £LOW (§)
@R

A,@RO

C

A,z QR

; SOURCFE LINE

RSEG ?PR?del?KCT i

USING

L™

; for(s=0;5<=30000;s5++)

CLR

LME

; SO LINE

i

#

it

554
555

556

557

558

560
561

562



TC0047:
: {3

2C0056:

)
?C0050:

; END OF del
i

; void cal{)
cal:

i1

; reg=countl;

5 countl=count1*216;
)

; countl=count1/1000;

MOV
MoV
INC

MoV

MOV
INC
MOV
DEC
INZ
INC

MOV
CINE
INC

CINE

RET

RO, #LOW (s)
@R, 4

RO

@RO,A

; SOURCE LINE # 563
RO, #LOW (5+01H)
@R0

A,@RD

RO

20056

@R0

RO, #LOW (s)
@0, = (7 5H,7C0047
RO

@RO, = 031H,700047

; SOURCE LINE # 564

RSEG ?PR?cal?KCT_PF

Q
USING

MOV
MOV
INC

MOV

MOV
MGV
MOV
MOV
LCALL
MoV
MOV

MoV
MOV
LCALL
MOV
MOV

; ttemp2=({count1*2*3.14)/180);

MOV
ADD
MOV
MOV
RLC
MOV
CLR
LCALL
MOV
MOV
MOV
MOV
LCALL
CLR
MOV
MOV
MOV
MOV
LCALL

0
; SDURCE LINE # 566

; SOURCE LINE # 567

; SOURCE LINE # 568
RO, #L0OW {req)
@RO,count1

RO

@RO,countl+01H

; SOURCE LINE # 569
R&,countl
R7,countl+01H

R4, #00H

RS, #Ci38H

FCIMUL

counti RRG
count:FGIH,RT

7 SOURCE LINE # 570
R4, #0311

RS, #00EH

PCIUILTIY

countl Ro
countl+01H,R7

; SOUSCE LINE # 571
Acounti +011
A NCC

RS,A

A,countt

A

R4,A

A

FCIFCASTI
R3,#0C32H
RZ,#0F5H
R1,%048H
RQ,#040H
PCPFPMULL

A

R3,A

RO, #CA%H
CIFPLIY



LCALL PCICASTE

MOV ttemp2,R6

MOV ttermn s +01H,RY?
; ttemp2=cos{ttemp2);

CELINE # 572

MOV w2

MOV RS, ttemp2+401LH
CLR A

LCALL PCFCAT ]

LCALL _cos

LCALL PCICASIE L

MOV ttemp2, R I'e}
MOV ttermp? 1 01H,R7

; ttempl =ttemp2*10000;
. ; SOURCE LINE # 573

MOV R4, #027H
MOV R5,#010H
LCALL FCPIMUL
MOV ttempl,RG
MOV ttempi+QLH,R7
Hit S
; SOURCE LINE # 574
RIT
; END OF cal

: void htdp()

RSEG ?PR?htdp?KCT FF
htdp:
USING 0
; SOURCE LINE # 578
i

; ap=tt/0x2710;

5 SOURCE LINE # 577

5 SOURCE LINZ # 578

MOV Vio(et)
MOV
I?V
INC
MOV
MOV
MOV R4, #0714
MOV RS, =#01CH
MOV R7,A
MOV RE,ARZ
LCALL PCTUIDIY
MOV RO, #LOW {ap}
MoV @RO,ARY ~

; bp=tt%0x2710;

; SOURCE LINE # 579

MOV R4,#027H
MOV RS5,#010H
MOV R7,ARZ
MOV RE,AR2
LCALL PCPUIDIV
MOV RO, #L.OW (bp)
MOV @RO, A
INC RO
MOV @RO,ARD

; cp=bp/0x3e8;

7 SCURCE LINE # 580

DEC R(
MOV A, @0
MOV R2,A
INC RO
MOV AL ERG
MOv R3,A
MOV R4, %011
MOV RY, (LR
MOV R7 .~
MOV RO AR
LCALL ALY
MOV RG, &L (ep)
MOV @RO, A

; dp=bp%0x3e8;



; SOURCE LINE # 581

MOV R4,#03H
MOV RS, #0E8H
MOV R7,AR3
MOV RE,AR2
LCALL 2CPUIDIV
MOV RO, #LOW (dp)
MOV @RO, AR
INC RO
MOV @RO, AR

; ep=dp/0x64; o

: SOURCE LINE # 582

DEC RO

MOV A, @RG
MOV R2,A

ENC RO

MOV A @
MOV 3.4
MOV R4, = {n
MOv RS, #
MOV R7 .1
MOV RG, A
LCALL FCAULLY
MoV RO, &0V (ep)
MOV @RY, I

; fp=dp%0x64;
; SOURCE LINE # 583

MOV R4,#00H
Kov RS, #0544
MOV R7,ARZ

MOV REG,ARY
LCALL PCTUIGNY
MOV RO, #LOW (fp)
MOV @RO,ARS

INC RO

MOV @RO,ARD

: gp=fp/0x0a;
; SOURCE LINE # 584

DEC RO
MOV A,@RO
MOV RZ.A
INC RO
MOV A, @RU
MOV
MOV
MOV
MOV
MOV
LCALL
MOV
MOV
; bp=fp%0x0a;
; SOURUE LINE # 585
MQv R, 2001
MOV RS, 7GA
MOV R7, AR
MOV RO ARD
LCALL 20U
MOV RO, #LOVY (hp)
MOV @RO, A
INC RO
MOV @RO, AR
P}
H
; SOURCE LINE # 586
RET

; END OF htdp

; void disr(}

RSEG ?PR2disr?KCT Pr
disr:
USING 0
5 SCUPTE LINE # 589
HEY



-

-

-

porta=0x80;

read(};
delay(};

porta=0xec;

write();
delay();

porta=":";

write();
delay(};

porta=ap+0x30;

write();
delay():

porta='.";

write();
delay();

porta=cp+0x30;

write();
delay();

porta=ep+0x30;

write{);

LCALL
LCALL

MOV
MOV
MOVX

LCALL
LCALL
MOV
MOV
MOVX
LCALL

LCALL

MOV
MOV
ADD
MQov
MOVX

CEALL
LCALL

MOV
MOV
MOVX

LCALL

LCALL

MOV
MOV
ADD
MOV
MOVX

; SOURCE LINE # 590

; SOURCE LINE # 591

;SO
L?P00¢

ST LINE # 592

; SOURCE LINE # 593
delay

; SQURCE LINE # 594
RQ,#LOW (porta)

A, #0ECH

@RO,A

; SOURCE LINE # 595
write

; SOURCE LINE # 596
delay

; SOURCE LINE # 597
RO, #LOW (porta)

A, #0324H

@RO, A

; SOURCE LINE * 598
write

; SOUIRCE LINE # 599
delay

s SOURCE LINE # 601
writo

; SOURCE LINE # 602
delay

; SOURCE LINE # 603
RO, #LOW {porta)

A, 0701

@RA, A

; SOURCE LINE # 604
write

7 SOURCE LINFE # 605
delay

; SOURCE LINE # 606
RO, =L0W (cp)
A @R

607

608

609



-

1

delay();

porta=gp+0x30;

write();

delay(};

porta=hp+0x30;

write(};

delay(); -

porta='";

write();

delay();

; END OF disr

LCALL

LCALL

MOV
MOV
ADD
MoV
MOV

LCALL

LCALL

MOV
MoV
ADD
MOV
MOWVX

LCALL

LCALL

LCALL

ump

END

; SOURCE LINE # 610
wrile

; SOURCE LINE # 611
delay

; SOURCE LINE # 612
RO, #L0W {gp}

AGRD
A FD
R1,#
@RL,A

N (porta)

; SOUHRCE LINE # 613
write

5 SOUNCE LINE # 614
deliy

; SUURCE LINE # 615

RO, #L.v {(hn+01H)
A dni

A i

RO, =Ly (porta)

@Ro,

; SOURCE LINE # 616

write
o

; SOURCE LINE # 617
delay

: SOURCE HINE # 618

; SOURCE LINE # 615
L?0058

: SOURCE LINE # 620
delay



Here we use ‘'C’ language as a front end to display the various
parameter readings that have been transmitted. By using ‘C’ the ports can be easily
accessed by IN and OUT instructions and hence gets the use in this project. Once the
initial test data is checked and the program starts reading the data (parameters)
using interrupt command. Simultaneously the data are stored in a file and can be
viewed in future when needed. So we use port accessing commands and file storage

related commands in our ‘C’ programming. The coding is as follows:

s s 3 S 3 9 S o oK 3k oK S o K K 5K S 5K S 3k oK SR K s 3 S o o oK o 3 K R S oK 3 3R oK oK e o K

Generates Interrupt 14 to Check Serial Port
If any new data in serial port the first bit

of 'ah’ register will go high.

EE L2 S E 2L E LR ELE LIS ESES L ELEEEESE E

#include <stdio.h>
#include <dos.h>
#include <conio.h>
#include <process.h>
void main()
{
int ah, al;
int f;
int hour, min, sec;
int year, month, day;
struct time ti;
struct date d;
float temp=0.0;
float pfr, vol, ct, powr, ene, enel,
//float energy=0.0;
char x;
unsigned char a, ch;
FILE *stream,*str,*kct;
unsigned char pf=0,volt=0,cur=0,pow=0,ener=0,tariff=0;
double long pfl;
unsigned char t1=0,t2=0,tt1=0,tt2=0,ttt1=0,ttt2=0,tttt1=0,tttt2=0;
int i=0,j=0,n0=0;
intt;
int flag=0;
int count=0;
clrscr();
f=gystem("mode com1 110 n 8 1"};
gotoxy(28,3);
printf("WIRELESS SURVEILLANCE OF ENERGY"};
aa:
gotoxy(25,5);
printf("Power Factor %6.5f",(t2*¥256+t1)/10000.0);



gotoxy{(25,6);

printf("Voltage %d",volt);

gotoxy(25,7);

printf("Current %2.1f",cur/10.0);
gotoxy(25,8);

printf("Power %5.2f", (tt2*256+1t1}/100.0);
gotoxy(25,9);

printf("Energy 955.2F", (ttt2*256+tt£1)/100.0);
_AH=0x03;

_DX=0x00;

geninterrupt(0x14};

ah=_AH;

al=_AL;

if( (ah & 0x01) == 0x01)

{
a=inportb(0x3f8); // reads data from serial port

¥
if(a! =0xff)
goto aa;
i=0;

bb:
_AH=0x03;
_DX=0x00;
geninterrupt{0x14);
ah=_AH;
al=_AL:
if( (ah & 0x01) == 0x01)
{
i=i+1;
a=inportb{0x3f8);
if(i==1)
tl=a;
}
if(i==2)
{
t2=a;
b4
if(i==3)
volt=a;
H
if(i==4)
{
cur=a;
}
if(i==5)
{
ttl=a;
}
if(i==6)
{
tt2=a;
b
if{il==7}
{
tttl=a;,

T
if(i==8)



{

tt2=a;

b

b

if(i<8)

goto bb;

str = fopen("sri.dat", "r+");
ch=fgetc(str);

if(ch!="\n")

{

fscanf(str,"%f", &pfr);
fscanf(str,"%f",&vol);
fscanf(str,"%f", &ct);
fscanf(str,"%f", &powr);
fscanf(str,"%f", &ene);

fclose(str);

str = fopen("“sri.dat", "w+");
ene=ene-temp+{ttt2*256+ttt1)/100.0;
temp={ttt2*256+ttt1)/100.0;
fprintf(str,"%6.5f %d %2.1f %5.2f

%5.2f",(t2*256+t1)/10000.0,volt,cur/10.0,(tt2*256 +tt1)/100.0,ene);

fclose(str);

str = fopen("sri.dat”, "r+");
//ch=fgetc(str);
J/if{ch!="\n")

1{

fscanf{str,"%f" &pfr);
fscanf(str,"%f" ,&vol);
fscanf(str,"%f",&ct);
fscanf{str,"%f", &powr);
fscanf(str,"%f", &ene);

11}

fclose(str);

stream = fopen("result.dat”, "w+");
fprintf(stream,"%f\n", pfr);
fprintf(stream, "%M\n",vaol};
fprintf(stream,"%f\n",ct};
fprintf(stream,"%f\n", powr);
fprintf(stream,"%f\n",ene);
fclose{stream};

if(volt==0 && i==0)

{
ket = fopen{"log.dat", "a+");
getdate(&d);

year=d.da_year;

day=d.da_day;

month=d.da_mon;

gettime{&ti);

hour=ti.ti_hour;

min=ti.ti_min;

sec=ti.ti_sec;

fprintf(kct,"POWER SHUT DOWN TIME %d : %d : % d DATE %d

\n", hour,min,sec,day,month,year);

}

fclose(kct);

h
goto aa;

: %d

. Y%d



9. CONCLUSION

This project is microcontrolier based Energy Monitor and
transmission of energy through wireless to an EB substation. This
project can be implemented for a complete network in an area, that
will be consuming very huge amount and it can caliculate the energy
transmission and energy consumption. By using the above two values

we can calculate the transmission loses as well.

This project design is cheap, efficient and showed an excellent
performance. This project is very flexible and it can also be
implemented using telephone or power lines depending on various

criteria.

The implementation of the project will be an excellent way of
reducing the man power involved in the field work today. Also this
extends 24 - Hour surveillance which is a standout quality. Hence such

qualities ensure that this is a practically feasible project.
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e
FAIRCHILD

SEMICONDLUICTOR m

DM74LS373/DM74LS374

Edge-Triggered Flip-Flops

General Description

These B-bit registers feature totem-pole 3-STATE outputs
designed specifically for driving highly-capacitive or rela-
tively low-impedance loads. The high-impedance state and
increased high-logic level drive provide these registers with
the capability of being connected directly to and driving the
bug lines in a bus-organized system without need for inter-
face or pull-up components. They are particulaly attractive
for implementing buffer registers, /O parts, bidirectional bus
drivers, and working registers.

The eight latches of the DM54/74L3373 are transparent
D-type latches meaning that while the enable (G} is high the
Q outputs will follow the data (D) inputs, When the enable is
taken low the output will be latched at the level of the data
that was set up.

The eight flip-flops of the DM54/74LS374 are edge-triggered
D-type flip flops. On the positive transition of the clock, the Q
outputs will be set to the logic states that were set up at the
D inputs.

March 1998

3-STATE Octal D-Type Transparent Latches and

Abuffered output control input can be used to place the eight
outputs in either a normal logic state (high or low logic levels)
or a high-impedance state. In the high-impedance state the
outputs neither load nor drive the bus lines significantiy.

The output control does not affect the internal operation of
the latches or flip-flops. That is, the old data can be retained
or new data can be entered even while the outputs are off.

Features

m Choice of 8 latches or 8 D-type flip-flops in a single
package

u 3-STATE bus-driving outputs

m Full parallel-access for loading

s Buffered control inputs

| P-N-P inputs reduce D-C loading on data lines

Connection Diagrams

Dual-In-Line Packages

‘L5373
ENABLE
Yee g 8D I 0 [ s0 sa G
|20 I‘lD IIB |‘|7 l16 |15 14 113 112 1%
a n‘] 5 G a nI:| B0
& Py [ cp—ediG
OF oe 3 oF
T ;Y 1 T
@ b0 b a @ b g a
oe ® :i"hl:; Soe -| oe® D_'|' ° oe
T I I T
SR /5
|1 lz | 3 4 | 5 [ [ 7 | 8 ] [y | to
ouTPUT 109 10 20 20 aq 30 4D 40 GND
CONTROL

SO0

Order Number DM54LS373J, DM54LS373W, DM74LS373N or DM74LS373WM
See Package Number J20A, M20B, N20A or W20A

© 1998 Falrchild Semiconduclor Corporation  DS008421

www.fairchildsemi.com
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Connection Diagrams (continued)

'LE374
Vee 8O ) 0 @ sa 6D D 58 CLOCK
o Js e 117 [ s s [is |12 11
Eoko [‘n_nl:l o_o‘] I:'Dioj
Sarriliiand
by 1
S0 o_o a_o =
5 <o_-|- b oK & <o_-|- > X
I T T |
I = R
|| Iz ]a 14 ls ]s I? |a |9 |1o
OUTPUT 1Q 10 20 2Q vl ao 4b a0 GHND
CONTROL

DSGEEAL1-2

Order Number DM54L5374J, DMS4LS374W, DMT4ALS374WM or DMT4LS374N
Ses Package Number J20A, M208, N20A or W20A

Function Tables

DM54/74LS373
Output Enablo D Output
Control G
L H H
L H L L
L L X Qp
H X X F4

H = Kigh Leval (Steady State), L = Low Level (Steady State), X = Don't Carg
T = Transition from low-to-high level, Z = High Impedance State
Qp = The leval of the output before steady-state input conditions were estab-

lished.
DM54/74L5374
Output Clock D Output
Control
L T H H
L T L L
L L X Qy
H X X F4

www.fairchildsemi.com 2



Logic Diagrams

L5138

15
T ] { )Yo
T (14}
1
g
a1 & (13)
J
ENABLE G2A (4) . ): Y2
INPUTS
a2 —] 2 va
4 DATA
- . OUTPUTS
va
[
19
[ Pl :% = L ]YS
rl> > 4
SELECT () | 9)
woUTS B D: :D ‘ — ¥6
- {7)
3 ] 7
C”—DO_J—‘D__‘ )
DSO06IST-3
L5139
4 5
9 vo
{1)
ENABLE 61 —CD - 5) e
6
i ® va
(2)
A1—{ S0
SELECT {7}
NPUTS § g, S2 .Do _‘,.:D_ — ¥3
DATA
OUTPUTS

(15)

ENABLE G2 {11)
2vt

10
09 v

PPRiLl

SELECT i)

INFUTS | go ﬂbo_‘ zvaJ

DEO08H1.4
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FAIRCHILD

SEMICONDUCTOR ™

DM7414
Hex Inverter with Schmitt Trigger Inputs

General Descripﬁon esis which increases the noise immunity and transforms a
. . . L X siowly changing input signal to a fast changing, jitter free

This device contains six independent gates each of which  gytput,

perfarms the logic INVERT function. Each input has hyster-

Connection Diagram

Dual-in-Line Package
AB Y6 AS ¥5 Ad ¥4

| R PO P P |
T T T T

A2 Y2 Al ¥3 GND
DSO06503-1
Order Number DM5414.), DM5414W or DM7414N
See Package Number J14A, N14A or W14B

i
Y1

Al

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Lavel
L = Low Logic Lavel

© 1598 Fairchild Semiconductar Corporalion  T'S006503 www.fairchildsemi.com
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FAIRCHILD
I

SEMICONDUCTOR m

DM741.S138, DM74LS139
Decoders/Demultiplexers

General Description

These Schottky-clarmped dircuits are designed to be used in
high-performance memory-decoding or data-routing applica-
tions, requiting very short propagation delay times. In
high-performance memory systems these decoders can be
used to minimize the effects of system decoding. W;nen used
with high-speed memories, the delay times of these decod-
ers are usually less than the typical access time of the
memory. This means that the effective system delay intro-
duced by the decoder is negligible,

The L5138 decodes one-of-eight lines, based upon the con-
ditions at the three binary select inputs and the threa enable
inputs. Two active-low and one active-high enable inputs re-
duce the need for axternal gates or inverters when expand-
ing. A 24-line decoder can be implemented with no external
inverters, and a 32-line decoder requires only one inverter.
An enable input can be used as a data input for demultiplex-
ing applications.

The LS139 comprises two separate two-line-to-four-line de-
coders in a single package. The active-low enable input can
be used as a data line in demultiplexing applications.

All of these decoders/demultiplexers feature fully buffered in-
puts, presenting only one normaiized load to its driving cir-

March 1998

cuit. All inputs are clamped with high-performance Schottky
diodes to suppress line-ringing and simplify systern design.

Features
w Designed specifically for high speed:
Memory decoders
Data transmission systems
m L5138 3-to-8-line decoders incorporates 3 enable inputs
to simplify cascading and/or data reception
= LS$139 contains two fully independent 2-to-4-line
decodersidemultiplexers
8 Schottky ¢lamped for high perfermance
m Typical propagation delay (3 levels of logic)
LS138 21ns
L8139 RQ1ns
= Typical pewer dissipation
LS138 32 mW
LS139 34 mW
= Alternate Military/Aerospace devices (54LS138,
5415139} are available. Contact a Fairchild
Semiconductor Sales Office/Distributor for specifications.

Connection Diagrams

Dual-In-Line Package
DATA QUTPUTS

~— ~

Ve YO Y1 Yz Y3 Y4 Y5 Y
Ius |15 |14 |1a |12 ‘11 lm |9

BEEDE

[ ]

1 2 ) l4 is 6 [7 ‘a
& B C G2a G28 G1 Y7 GKND
\ —_— — OUTPUT
SELECT ENABLE
DS006251-1

Order Numbsr 54L.51380MQB, 54L5136FMQB,
54| S138L MOB, DM54L5138.), DM54LS138W,
DM74LS138M or DM74LS138N
See Package Number E20A, J16A,
M16A, N16E or W1BA
Dual-in-Line Package

Dual-In-Line Package

SELECT DATA QUTPUTS

ENABLE - \
vee G2 A2 B2 2¥0 2¥1  2YZ  2¥3
116 I15 14 13 I:z in |1o |9

L4 2

T 7 1 7
[« s s 7

l 1 2 a ] 8
ENABLE A1 B1 e 171 1¥2 173 GND
G1 N p—
SELECT DATA QUTPUTS

DSOHGINT-2

Order Number 54L5139DMQB, 54L5139FMQB,
54L5139LMQB, DM54L5133J, DM54LS5139W,
DM74LS139M or DM7T4L5139N
See Package Number E20A, J16A,
M16A, N16E or W16A

© 1998 Fachild Semiconductor Corporation DS006331

www.fairchildsemi.com
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'LS139 Switching Characteristics
atVee = 5V and To = 25'C
From {Input) R, =2kQ
Symbol Parameter To {Output) C_=15pF C_ = 50 pF Units
Min Max Min Max
toLm Propagation Delay Time Select to 13 27 ns
Low to High Level Qutput Output
|y Propagation Delay Time Select te 27 40 ns
High to Low Level Output QOutput
toLH Propagation Delay Time Enable to 18 27 ns
Low to High Level Qutput Qutput
tonL Propagation Delay Time Enable to 24 40 ns
High to Low Level Output Output
Function Tables
LS138
Inputs Outputs
Enable Select
G1 | G2 (Note B) |C |[B |A YO | Y1 [Y2|Y3|Y4|Y5 Y6 |YT
X H X[xIXx|H|H|H|H|H|H]|H[H
L X X|[X|¥X|H|H|{H|H}|H]JHB|H]H
H L LfLiL}L|H|H]JHIH|[H]|H]|H
H L LILH|H}jL|[A]|]H|[H|H]JH]|H
H L L{HIL|H]H]L|[H]H]|H|[H]H
H L LIMIK|H|H}JH]|L]{H|[H[HIH
H L Hi{LILIH]|JH|H]|H|L}H]|H|[H
H L HItHIHIH[H]H]|H]L]|H|H
H L HIH|LJ]H|{H|H]|HB]JH|H]L][|H
H L HHH|H|H]{H|H]H}JH[H]L
H = High Level, L = Low Level, X = Don't Care
Note §: G2 = G2A+G28
1.$139
Inputs Qutputs
Enable Select
G B A ¥ Y1 Y2 Y3
H X X H H ] H
L L L L H H H
L L H H L H H
L H L H H L H
L H H H H H L
H = High Level, L = Low Level, X = Don't Care

www.fairchildsemi.com




Logic Diagrams

ENABLE
INPUTS

SELECT
MPUTS

L5138

o1 = T a3
c2a 1 )
aan 2 —L))Lﬂyg
L DATA
r “n OUTPUTS
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f (10}
1
t2) | .
. Do+
)
_— Y7
3
C-‘—’—D{}—A;_CD___q
L
DS006391-1
L5139
@ 1\’(;
(&)
ENABLE G1 —(1} 5 s
|
4 (6}
(2) E D "D—wa
sececr | 7 ' 7V va
INPUTS 31&Do—<|_<;>——
DATA
OUTPUTS

{15}
ENABLE G2 _Ci\f

SELECT

19)
INPUTS | g (12 D D >:D°’_2v3

DS008307-4
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EXAS CD4011B, CD4012B, CD4023B Types

eet acquired from Harris Semiconductor
121

OS NAND GATES

Voitage Types (20-Volt Rating) Features: —

u Propagation dalay tdme = 60 ns (typ.} at at JeA-n it vog
2 Input — CD4011B CL~50pF. Vpp=10V b .
4 Input — CD4012B m Buffared inputs and outputs —3 =
3 Input — CD4023B n Standardized symmstrical output charscteristics _al i

® Maximum inputcurfent of 1 zA at 18V ! KT .
CD40118, CDAOI28, and CD4G23B Over tull package tamperaturs range; e
) gates provide the system designer s 10
direct implementation of the NAND » 100% tested for quisscent current at 20V e— Pt
on and supplement the existing family ~ ® 5-V, 10V, and 15-V parametric ratings o3 LI
A0S gates. All inputs and outputs are & Noise margin {ovar fult packsge temperature wE
red. range: —_| L,
CD40118, CD40128, and CD4023B 1VvatVpp=5V
are supplied in 14-lead hermetic dual- 2vatVpp=10V 2205-24763
e coramic packages (D and F sulfixes), 25VatVpp=15V CD40118
vd dual-in-line plastic packages (E sul- ' FUNCTIONAL DIAGRAM
nd in chip form (H sutfix). & Meets o) requiremants of JEDEC Tantative

Standard No, 13B, “Standard Specifications
for Deseription of “B* Serias CMOS Devicas™

UM RATINGS, Absokute-Maximum Vaiues: i
PPLY-VOLTAGE RANGE, (Vpo) O] S eil i S (T WV
1gea refarenced to Vg Tarmingl) .....ooveoierneraanrenie. e ~C.5V lo +20V ‘
VOLTAGE RANGE, ALL INPUTS -0.5¥ ta Vpp +0.8V atii 2«
T GURRENT, ANY ONEINPUT _..eouieniimniinaneniniannees e rree e *10mA 3] iz,
R DISSIPATION PER PACKAGE (Pgk
[A==580GH0#100%C oooveiuiinneinininiciinrrennnnns r e ten et e eaeeas S00mW 2 LU
[A=+1000CH0+1269C. .couvuuanrirrinieiianoanneer Derate Linsarity at 12mW/OC 1o 200mW s '
E DISSIPATION PER OUTPUT TRANSISTOR =3 —
| Ta, = FULL PACKAGE-TEMPERATURE RANGE (Al Package Types) ne— 1* .
ATING-TEMPERATURE RANGE (TAL. ... ..ceriiaieranerranrinsos i e
AGE TEMPERATURE RANGE (Tatg) .. «evvvvieeeneeesennennneinnissassinnias R e
TEMPERATURE (DURING SOLDERING: racs. 2ersn
stance 1796 £ 1/32 Inch (1.59 £ 0.78mm) from case for 108 MAX .. ...e.vvreeereennnne.s +2659C FUNGTI mg& GRAM

OMMENDED OPQRA‘I‘lNG CONDITIONS )
naximum reliability, nominsi operating conditions mould be selected 30 that

ion is alweys within the following ranges:
’ i LIMITS
CHARACTERISTIC - UNITS
L MIN. MAX.
woiy-Voitage Range (For Tp = Fuil Package | -
° - 3 13 vV
Temperature Hm
i
TERMINAL ASSIGNMENTS
cm $2C5- 24761
S EBC Yoo FUNCTIONAL DHAGRAM
& xEFEH
[ ] L]
c [
] F
NG [ 3
vsg N
w . TOP ViEw
NCNC :onum:o»:nw piea-deanin bt bl

cD4a012B CD40238
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FAIRCHIL.D
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DM7400
Quad 2-Input NAND Gates

General Description

This device containg four independent gates each of which
performs the logic NAND function.

Features

B Alternate Military/Aerospace device (5400} is available.
Contact a Fairchild Semiconductor Sales
Office/Distributor for specifications.

March 1998

Connection Diagram

Vee B4 A4 Ya 8l A3 Y3

1 1 12 n 10 9 ]

) |2 |3 a 5 5 )

Al 81 1 Az 82 V2 GND
DS005E13-1

Order Number 5400DMQB, S400FMQB, DM5400J, DM5400W or DMT400N
See Package Number J14A, N14A or W14B

Function Table

Y=A8
Inputs. Qutput
A B Y
L L H
L H H
H L H
H H L

H = High Logic Laval
L = Low Logic Level

£ 1998 Fairchild Ssmiconducior Corporation  DS006613

www.fairchildsemi.com
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is logal on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in fogic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output fransistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sirnking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

May 2000

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM137
series provides an output voltage range from 1.2V to 57V.

Features

QOutput current in excess of 1A

Internal thermal overload protection

No external components required
Qutput transistor safe area protection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

.M7805C 5v
LM7812C 12v
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-2 {(K)
Aluminum

QUTPUT GND

NPUT
DS007746-2

Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

m—— L
P———t

L

one — O

0SB07T46-3
Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number TO3B

sioje|nbay abejjop saag XX8LW1



LM78XX

Schematic

INPUT

Ri
30k

GN
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R16
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Three-Terminal Negative
Voltage Regulators

The MC7900 series of fixed output negative voltage regulators are
intended as complements to the popular MC7800 series devices. These
negative regulators are available in the same seven—voltage options as the
MC7800 devices. in addition, cne extra voltage option commonly employed
in MECL systems is also available in the negative MC7900 series.

Available in fixed output voltage options from -5.0 V to —24 V, these
regulators employ cumrent limiting, thermal shutdown, and safe—area
compensation — making them remarkably rugged under most operating
conditions. With adequate heatsinking they can deliver output currents in
excess of 1.0 A,

® No External Components Required

® |nternal Thermal Overload Protection
¢ Internal Shoert Circuit Current Limiting
& Qutput Transistor Safe—Area Compensation
® Available in 2% Voltage Tolerance (See Ordering information)
Representative Schematic Diagram
Gnd
<
4.0 k? R4
Ry
o)
10ks Vo
F Y
—
20 pF
4 it .-|:
10pF| 10k
P ™ ‘
20k 20k 20k 240
0.3
1.1k 1
. . 750 o
v
This device contains 26 active transistors. !
ORDERING INFORMATION
Output Voltage Operating
Device Tolerance Temperature Range Package
MC7OXXACDZT 2%
Surface Mount
MC79XXCD2T 4%
Ty=0°to +125°C
MC7IXXACT 2%
Insertion Mount
MC79XXCT 4%
MC79XXBD2T Surface Mount
4% Tj=—-40°to +125°C
MC79XXBT Insertion Mount

XX indicates nominal voltage.

Order this document by MC7200/D

MC7900
Series

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface

connected to Pin 2.
Pin 1. Ground
2. input
3. Quiput
D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK) 2

3

Heatsink surface {shown as terminal 4 in
case cutline drawing) is connected to Pin 2.

STANDARD APPLICATION

Input’-IO- MC79XX T Quiput
Cin* %

0.33uF T

Acommeon ground is required between the input
and the output voltages. The input voltage must
remain typically 2.0 V above more negative even
during the high point of the input ripple voltage.

XX, These two digits of the type number
indicate nominal voltage.
* Cin is required if regulator is located an
appreciable distance from power supply filter.
** Cg improve stability and transient response.

DEVICE TYPE/NOMINAL QUTPUT VOLTAGE

MC7905 5.0V MC7912 12V
MC7905.2 52V MC7915 15V
MC7906 6.0V MC7918 28V
MC7908 8.0V MC7924 24V




ADC0808/ADC0809

Multiplexer

General Description

The ADCO0808, ADCQEO9 data acquisition compaonent is a
monglithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of B-single-ended analog signals.

The device eliminates the need for external zero and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the fatched and decoded multiplexer address
inputs and latched TTL TRI-STATE®™ outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence, ex-
cellent long-term accuracy and repeatability, and consumes
minimal power. These features make this device ideally
suited to applications from process and machine control to
consumer and automotive applications. For 16-channel mui-
tiplexer with common output (samplesheld port) see
ADC0816 data sheet. {See AN-247 for more information.)

&National Semiconductor

8-Bit uP Compatible A/D Converters with 8-Channel

October 1999

Features

® Easy interface 10 all microprocessors

B Operates ratiometrically or with 5 Vg or analog span
adjusted voltage reference

Na zero or full-scale adjust required

8-channel multiplexer with address logic

OV to 5V input range with single 5V power supply
Cutputs meet TTL voltage level specifications
Standard hermetic or molded 28-pin DIP package
28-pin molded chip carrier package

ADCO808 equivalent to MM74C949

ADC0809 equivalent to MM74C348-1

Key Specifications

® Resoiution 8 Bits
® Total Unadjusted Error 1% LSB and £1 LSB
m Single Supply 5 Vpe
m Low Power 15 mw
m Conversion Time 100 ps

Block Diagram

ITANT  EL9CK

o, T il iinel bingly|
I I WD OF CONVERSIOK
o— } contRaLATIMNG [T NTERRUPT
I 1
> ] l ]
O] CHANNELE i 1
B ARALOG PYTS MULTIFLEXING 1
o= onioues [Ty 1
o 1 } —o
' COMPARATOR l " j
= ] ma® o
] } I:"q‘:g“; Lo SMUTOUTPUTS
t 1 wHen
—o
gl | LB
: Bwitew ThEL |
*— |
sy o— L___‘_ :
= Lm 1 ﬁ |
anp
e i T | |
r AN RESIETOR LADDER |
¥eC BN ul(<|L-"_—____--Ju =i OUTRUT
ERALE
DS005672-1
See Ordering
Infermation
TRISTATE* 13 & of National Corp.
® 1999 Natienal Semicanducior Corporation DS005672 www.nalional.com
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ADCO080B/ADC0809

Connection Diagrams

Dual-In-Line Package

N3 =1 28} 1Nz
N4 —2 27}~ K1
ns—{3 26}=IN0
IN6—]4 250D A
N7 =35 24}—a00 B

START—{6 23f—a00 ¢

toc—{7 22|~ ALE

Pl ] 21f=2""use
OUTPUT ENABLE —{9 20f-272
Lok =1 1922
2-4

77858

Vrer (<)
2-5

DEDOSETZ-1Y

Order Number ADCOS0SCCN or ADCOBDICCN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

IN7
START

GUTPUT ENABLE

|24
|- 2~use
|- veer ()
| o=¢
=
- oo

r—"wf*)

D53I5672-12

Order Number ADC0808CCV or ADC0809CCV

Sea NS Package VZBA

TEMPERATURE RANGE =-40°C to +85°C

-55°C to +125°C

Error | £ LSB Unadjusted | ADCOB80BCCN ADCO80BCCY

ADCOBOBCCJ

ADCO0B08C.

1 LSB Unadjusted | ADCOS09CCN ADCOBORCCY

Package Outline N28A Mplded DIP | V28A Moided Chip Carrier

J28A Ceramic DiP

J2BA Ceramic DIP

www.naticnal.com 2




Functional Description

Multiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lected by using the address decoder. Table 1 shows the input
states for the address lines to select any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.

SELECTED ADDRESS LINE
ANALOG [ B A
CHANNEL
INO
IN1
INZ
IN3
IN4
INS
ING
IN7

I r T ITrrrr
I I T Xrr
Irr T+~ I Ir

CONVERTER CHARACTERISTICS

The Converter

The heart of this single ¢hip data acquisition system is its
8-bit analog-to-gigital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive ap-
proximation register, and the comparator, The converter's
digital outputs are positive true.

The 256R ladder network approach {Figure 1) was chosen
over the conventional R/ZR ladder because of its inherent
monotonicity, which guarantees nc missing digital codes,
Monotonicity is particularly important in closed joop feedback
control systems. A non-monotonic relationship can cause os-
cillations that will be catastrophic for the system. Additionally,
the 256R network does not cause load variations on the ref-
erence voltage.

The bottom resistor and the tap resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network, The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output transi-
tion pecurs when the analog signal has reached +14 LSB
and succeeding output transitions occur every 1 LSB later up
to full-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
corverter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC(808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R netwark.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
{SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be in-
terrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accompiished by tying the
end-of-conversion (ECC) output to the SC input. If used in
this mode, an external start conversion pulse should be ap-
plied after power up. End-of-conversion will go low between
C and 8 clock pulses after the rising edge of start conversion.
The mast important section of the A/D converter is the com-
parator. It is this section which is responsible for the uitimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest influence on the repeatability of
the device. A chopper-stabilized comparator provides the
most effective method of satisfying all the converter require-
ments.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC am-
plifier. This makes the entire A/D converter extremely insen-
sitive to temperature, long term drift and input offset errors.
Figure 4 shows a typical error curve for the ADCO808 as
measured using the procedures outlined in AN-179,

wwwe national.com
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ADCO0808/ADCO0809

Functional Description (continued;
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DFOO567Z14
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Timing Diagram
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LM565/LM565C
Phase Locked Loop

General Description

The LMS5B5 and LM565C are general purpose phase locked
loops containing a stable, highly linear voitage controlled 0s-
cillator for low distortion FM demodu!ation, and a double bal-
anced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capacitor,
and a tuning range of 10:1 can be obtained with the same
capacitor. The characteristics of the clesed loop
system —bandwidth, response speed, capture and pull in
range— rmay be adjusted over a wide range with an external
resistor and capacitor. The loop may be broken between the
VCO and the phase detector for insertion of a digital fre-
quency divider to obtain frequency multiplication.

The LM565H is specified for operation over the —55°C to
+125°C military temperature range. The LMS65CN is speci-
fied for operation over the 0°C to +70°C temperature range.

Features

= 200 ppm/ C frequency stability of the YCO

m Power supply range of 5 to 212 volts with 100 ppm/%
typical

&National Semiconductor

May 1999

m 0.2% iinearity of demodulated output

 Linear triangle wave with in phase zero crossings
avaiiable

B TTL and OTL compatible phase detector input and
square wave output

® Adjustabie hold in range from 1% to ™ *60%

Applications
= Data and tape synchronization

u Modems

m FSK demodulation

u FM demodulation

= Frequency synthesizer

® Tone decoding

m Freguency multiplication and division
» SCA demodulators

& Jelemetry receivers

u Signal regeneration

m Coherent demodulators

Connection Diagrams

Metal Can Package

TIMING
RESISTOR

VLO CONTROL
VOLTAGE

quTPUT

PHASE LOMPARATOR
VYCO INPUT

DS00TESS-2

Order Number LM565H
See NS Package Number H10C

Dual-in-Line Package
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Order Number LM565CN
See NS Package Number N14A
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Schematic Diagram

LESHI0S5

EEP - §
a
" L]
]
we
"o [
wo
A ]
> J 7 4ninl
-0
»
N ﬁ wis
s BrS ol
5 222 1 €Lk
»o ) W m
f [
[ ] tro
| _ v|.ﬂ.ﬁ.
10 U fl.
: 4 o y
ATma sm 4
S < |
e we s
.ﬁ , | ] S
b3 : 3
> 70d 4
’ +
" I9¥LI0A
MLl
i ._o“w"au HOLYHYeN0D

414

www.national.com



General Description

The LM741 series are general purpose operational amplifi-
ars which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many teatures which make their appli-
cation nearly foolproof: averload pretection on the input and

&National Semiconductor

LM741 Operational Amplifier

November 1924

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.
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FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls

wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

¢ Waveform Generation
& Sweep Generation

® AM/FM Generation

e V/F Conversion

& FSK Generation

¢ Phase-Locked Loops (VCO}

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppmy/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION
Cperating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C
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Figure 1. XR-2206 Block Diagram
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22 EXAR XR-2206

AMSI SYMA2 AMSI =] 1 ~ B3 SYMA2
STO SYMA1 sTO |2 153 SYMA1
MO WAVEAZ Mo | 3 4 WAVEA?
Vee WAVEAT Voo =t ¢ 13| WAVEA1
TCA GND TC1 =H|s 12|83 GND
TC2 SYNCC TC?2 EH|s 11| SYNCO
TR1 BIAS TR |7 1|3 BlAS
TR2 FSKI TRz |* 9 | FsKI

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO 0 Sine or Triangle Wave Output.
3 MO 0 Multiplier Cutput.
4 Vee Positive Power Supply.
5 TC1 i Timing Capacitor Input.
6 TC2 ! Timing Capacitor Input.
7 TR1 O Timing Resistor 1 Qutput.
8 TR2 O Timing Resistor 2 Qutput.
9 FSKI | Frequency Shift Keying Input.
10 BIAS o Internal Voltage Reference.
1 SYNCO 0] Sync Output. This output is a open collector and needs a pull up resistor to V.
12 GND Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEAZ | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.
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