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ABSTRACT

In present scenario, each and every analog system present in the world is
getting digitized and automated. The need for automation comes in due to
precision and accuracy. It is an added advantage of monitoring the parameters
like energy, power factor of any industries at remote end. The maximum demand
of the industries must be kept within the limit specified by Electricity board.
Accurate record of any maximum demand limit violations can be made for future

rcferences.

Taking account of all above factors, our project includes designing and
fabricating a system to measure the necessary parameters using PIC
Microcontroller. The datas are transmitted through telephone lines with the use
FSK modulation technique. The datas are received, demodulated and then
interfaced with personal computer. A LCD display connected to the PIC
microcontroller displays the necessary parameters at the transmitter end. Battery
back-up and EEPROM are provided for storage and retrieval of energy value

°

during power shutdown.
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1. INTRODUCTION

Our project deals with online monitoring of energy consumption and
maximum demand through telephone line networks. Power is an essential
requirement of all industries and the maximum demand of the industries should
be kept well within the boundaries specified by Electricity Board. Hence it is

essential to make monitoring of these parameters.

In olden days analog meters were used for measuring energy in the
industries. The analog meters lags in precision and accuracy due to the

frequently occurring errors such as

> Incorrect phase displacement error.
» Frictional error.
>

Creeping error.

Thus in our project the digital meters is used instead of conventional
analog meters. The digital meters have many advantages over analog meters

such as the readings are precise and accurate, the lifetime is high as no

mechanical moving parts and also the efficiency is improved.

The digital meter is designed using PIC microcontroller. The datas are
transmitted from PIC microcontroller using telephone lines. FSK modulator and
demodulator are used in the transmitting and receiving end respectively. Thus

the energy and maximum demand are monitored in the personal computer.



1.1 BLOCK DIAGRAM
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The block diagram comprises of two main parts namely transmitter and
receiver. In the transmitter side voltage, current and powerfactor signals are
sensed and given to the microcontroller. Energy and maximum demand are
calculated in the PIC microcontroller. A LCD display connected to the PIC
microcontroller displays the necessary parameters on the transmitter side. The
datas are transmitted through telephone lines. FSK modulation technique is

used to interface the datas with the telephone lines.

In the receiver side the modulating signal is recovered using FSK

demodulator. The datas are then interfaced with personal computer.

The voltage and current signal ise sensed and stepped down using
potential transformer and current transformer respectively. The signals are then
given to precision rectifier to be converted into an equivalent dc signals. The
voltage measurement circuit and the current measurement circuits are alike
except that a current measurement circuit consists of a shunt resistor. The output

is then given to PIC microcontroller.

The same voltage and current signals are given to power factor
measurement circuit. The circuit comprises of zero crossing detector along with
ICS to calculate the time lag between voltage and current signals from which

power factor can be calculated. The output of the ICS is also given to the PIC

microcontroller.

The voltage, current and power factor is then manipulated in the PIC
microcontroller and the power, energy and maximum demand are calculated.

The Peripheral Interface Controller used is PIC 16F877.The presence of an



inbuilt A to D converter; power saving sleep mode and many other features has

made this PIC suitable for this project.

The voltage, current, power factor and energy are displayed using a LCD
display. The maximum demand is also displayed whenever the demand is

exceeded.

In the case of power failure, the microcontroller is powered by the 3V
batteries in series, which provides voltages in the range of 4.5V to 5.5V. The
serial EEPROM is available to provide non-volatile storage. Hence this circuit
provides the additional advantage of viewing the energy even at the times of

power failure.

The above mentioned parameters are then transmitted through telephone
lines to the personal computer at the receiving end. At the transmitting end a
FSK modulator is used to modulate the signal suitable for the transmission.
IC6 is used to design the FSK modulator. At the receiving end, a FSK
demodulator receives the datas and retrieves the original signal. IC7 is used to

build the demodulator circuit. The datas are then interfaced with personal

computer.
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2. HARDWARE DESCRIPTION

2.1 POWER SUPPLY CIRCUIT

Power supplies are extensively used in all industrial application. It provides

regulated ripple free output waveform.

+ 8V POWER SUPPLY

. N <
e o VI
2
Cl C2
230V AC * * 10 F
1000 p.F —
T, 2sv - 8v
v . GND
LS A3
N

Figure 2.1.1 Power supply circuit

The present chapter introduces the operation of power supply circuits
built using rectifiers, filters, and then voltage regulators. Starting with an ac
voltage, a DC voltage is obtained by rectifying the AC voltage, then filtering
to a DC level, and finally, regulating to obtain a desired fixed DC voltage. The

regulation is usually obtained from an IC voltage regulator unit, which takes a



even if the input DC voltage varies, or the output load connected to the. DC

voltage changes.

A block diagram below in figure 2.2.2 the parts of a typical power supply.
The AC voltage is connected to a transformer, which steps that AC voltage
down to the level for the desired AC output. A diode rectifier then provides a
full-wave rectified voltage that is initially filtered by a simple capacitor filter to -

produce a steady dc voltage.

1L
1l

IC
FILTER REGULATOR ::) LOAD

1L

RECTIFIER

ﬁl’RANSFORMER

AC input voltage

Figure 2.2.2 Power Supply Block Diagram

The resulting DC voltage usually has some ripple or AC voltage
variation. The DC voltage is then given to a regulator circuit. A regulator
circuit provides a DC voltage that not only has much less ripple voltage but
also remains the same even if the input DC voltage varies, or the load
connected to the output DC voltage changes. This voltage regulation is usually

obtained using one of a number of popular voltage regulator IC units.



2.1.1 STEP DOWN TRANSFORMER

The AC voltage is applied to the primary winding of a power
transformer. It is stepped down to required value. In our circuit, the
transformer of 230V / 9V, 15V-0-15V is used to perform the step down
operation from 230V AC to required voltages at the secondary windings. The
reason for selection of such a transformer is that +5V DC can be got from 9V

AC and +12V,-12V can be got from 15V-0-15V.

2.1.2 RECTIFIER UNIT

In the power supply unit, rectification is normally achieved using full
wave bridge rectifier. For positive half cycle, diode D1 and D4 conducts
together and for negative half cycle diode D2 and D3 conducts. Thus the

output is obtained for both positive and negative cycles.

2.1.3 FILTERING UNIT

Filter circuits, in which usually capacitor is acting as a surge arrester,
always, follow the rectifier unit. This capacitor is also called as a decoupling
capacitor or a bypassing capacitor, is not only used to ‘short’ the ripple to

ground but also to leave the frequency of the DC to appear at the output.



2.1.4 VOLTAGE REGULATOR

It plays an important role in any power supply unit. The primary purpose
of a regulator is to aid the rectifier and filter circuit in providing a constant DC
voltage to the device. Power supplies without regulators have an inherent
problem of changing DC voltage values due to variations in the load or due to
fluctuations in the AC voltage. With a regulator connected to the DC output,
the voltage can be maintained within a close tolerant region of the desired

output.

The series 78XX regulators provide fixed regulated voltages from 5 to
24 V. IC1, is connected to provide voltage regulation with output from this
unit of +5V dc. An unregulated input voltage is filtered by capacitor C1 and
connected to the IC’s terminal 1. The IC’s terminal 3 provides a regulated
+5V, which is filtered by capacitor C2 (mostly for any high-frequency noise).
The third IC’s terminal 2 is connected to ground (GND). While the input
voltage may vary over some permissible voltage range, and the output load
may vary over some acceptable range, the output voltage remains constant
within specified voltage variation limits. A table of positive voltage reguiated

ICs is provided in table



TABLE 2.1.1 POSITIVE VOLTAGE REGULATORS IN 7800 SERIES

IC Part Output Voltage (V) Minimum Vi (V)
7805 +5 7.3
7806 +6 8.3
7808 +8 10.5
7810 +10 12.5
7812 +12 14.6
7815 +15 17.7




2.2 VOLTAGE MEASUREMENT

Voltage measurement circuit comprises of a potential transformer
and precision rectifier. Potential transformer is used for sensing and stepping
down the voltage signal. Precision rectifier converts the AC signal into an
equivalent DC signal. The PT output is also used for power factor
manipulation. The output of this circuit (Vout) is given to Microcontroller and

a linear programming is executed in the controller to manipulate and acquire

original voltage of the transformer. '

&
potential
transformer

Figure 2.2.1 Voltage Measurement Circuit



2.2.1 POTENTIAL TRANSFORMER

The primary winding of the potential 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 small, sometimes only a few volt-amperes. The normal

secondary voltage rating is 6 V.

2.2.2 ABSOLUTE VALUE CIRCUITS (FULL-WAVE 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. 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, 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 R2 resistor, and E1 feed A2 through a RS resistor. The
net cffect of this scaling is that, for equal amplitudes of Ein and El, Elwill
provide twice as much current into the summing point. This fact is used to
advantage here, as the negative alteration of El produces twice the input
current of that caﬁsed by the positive alternation of Ein. This causes a current

of precisely half the amplitude, which El alone would generate due to the



receiver and having Ein non-existent during this half cycle, and it results in a
positive going output at A2. During negative alterationé of Ein, El is absent
and Ein produces the alternate positive output swing that, in summation,
produces the desired full-wave rectified response. As before, operation with

the opposite output polarity is possible by reversing D1 and D2.

2.3 CURRENT MEASUREMENT

The current measurement circuit consists of Current transformer of
turns ratio 100:1.The Current Transformer’s primary winding is connected in
series with the line. The secondary of the Current Transformer is connected to
a precision rectifier network. The CT is rated at 15A/150mA.The shunt resistor
R1 is connected across the secondary of the CT. AC voltage proportional to the
current flowing through the secondary of the CT is given as the input to the
rectifier unit and by a similar procedure as seen in case of voltage

measurement, we get pure DC at the output stage of the rectifier.
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2.4 POWER FACTOR MEASUREMENT

The Power Factor measurement circuit comprises of zero crossing
detector, buffer using transistor and an XOR gate. PT and CT are used to
provide the voltage and current signals respectively. The secondary winding is
connected to ZCD, where the sine wave is converted into square wave at the

output.

In inverting Zero crossing detector, time varying signal is applied at the
inverting input terminal. The output of the Zero crossing detector swings
between two voltage levels according to the input voltage épplied. Thus a square
wave is obtained as the output. Hence the circuit is also called as sine to square

wave generator.

The pulsating output is given as an input to the buffer. Corresponding to
the input, the buffer provides OV or 5V as an output which is then given to the
XOR gate. The output of the gate depends upon the input given. The truth table
of XOR gate is ,

F=XY"+XY
Table 2.4.1 Truth Table

™ oo A
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The IC5 output will be high during the non-overlapping period of voltage
and current, which is the indirect measure of lag or lead between voltage and
current. A timer is incremented during the non-overlapping period; its value in
millisecond is equivalent to corresponding phase angle in degrees. Leading or
lagging power factor is determined based on the pulse at the output of voltage’s

Zero Crossing Detector during non-overlapping period.
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Figure 2.4.1 Power Factor Measurement Circuit



2.5. BATTERY BACKUP CIRCUIT

In general in the conventional analog meters the reading of the meter can
be noted even if there is any possible power failure. But this is not the case
regarding the digital circuits and hence a battery backup is provided in any case

of power failure. The battery backup section consists of two 3V batteries, Bl

and B2, in series with diodes D9A and D9B, and an inbuilt serial EEPROM in

PIC microcontroller.

2.5.1. BATTERIES

In the event of power failure, the 3V batteries in series, which provides
voltages in the range of 4.5V to 5.5V at the cathode of D9B.The 3V batteries

used are lithium ion cell batteries, which power the microcontroller. The

batteries have a 180-mAh rating.

2.5.2. DC POWER SUPPLY

IC2 is a low dropout 5.0V regulator. Diode D6 in series with diode D1
increases the virtual ground point for regulator IC2 by one schottky diode drop.
Diode D1 provides the virtual ground point for regulator IC2, which is one diode
drop above ground potential. The regulated output of IC2 adds to the diode drop
at IC2 GND terminal.

Diode D8, D15, and diode D9, provides an output of 4.5V — 5.5V from
batteries B1 and B2.Diode D13, limits voltage undershoot at the output of 5V

reotilatar 1C? when the AC innut voltacse drops out. Clampine the IC2 output at



ground potential prevents the regulator from sensing a negative output voltage

and entering an output shut down mode when AC input voltage returns.

Battery operation requires D8 and D13 to have a low reverse current
specification. These diodes which have a reverse leakage current of 200 nA at

maximum reverse peak voltage.
2.5.3. SERIAL EEPROM

The inbuilt serial EEPROM is available in PIC microcontroller to
provide non-volatile storage for key parameters during power failures. The last
calculated watt-hour value should be added to the last cumulative watt-hour
value previously written to the serial EEPROM. The resulting sum should be
written to the serial EEPROM. The serial EEPROM is 256x8 byte electrically
erasable PROM that-operates-downto1:8V.

DIs D13

K

Vin V Vout D8

IC2
—\_ D9A  D9B

DI Z T

+5v digital

16 Z‘:] Bl B2 - 27
O L-S

Figure 2.5.1 Battery Backup Circuit
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3.PIC16F877
3.1 GENERAL DESCRIPTION

All PIC employ an advanced RISC architecture. PIC microcontroller has
following architectural features to attain the high performance:
%  Harvard architecture
% Long word instructions
%  Single word instruction
¢ Orthogonal instruction
o Instruction pipeline

< Register file architecture

The instruction and data bus of Harvard architecture allows a 14-bit wide
instruction word with separate 8-bit wide data bus. The two stage instruction
pipeline allows all instruction to execute in single cycle except for program

branches which requires two cycle. Only 35 instructions are to be learned.

The PIC family has special feature to reduce external components thus
reducing cost, enhancing system reliability and reducing power consumption.
There are four oscillator options of which the single RC pin oscillator, which
minimizes power consumption. Highly reliable Watch Dog Timer with its own

on chip RC oscillator provides protection against software lock-up.

The device has flash memory, which allows it to be used for prototyping

and protection. The circuit reprogram ability allows the code to be

updated without devices to be removed from the end application where the



3.2 HIGH PERFORMANCE RISC CPU FEATURE

All instructions are single cycle except for program branches, which are
two cycles. Operating speed is DC - 20 MHz clock input, 14 bit wide
instruction, 8 bit wide data bus, 14 interrupts, up to 8Kx 14 words of FLASH
Program Memory, up to 368 x 8 bytes of Data Memory (RAM), up to 256 x 8
bytes of EEPROM data memory.

3.3 PERIPHERAL FEATURES
& TimerO: 8-bit timer/counter with 8-bit prescaler.
& Timerl: 16-bit timer/counter with prescaler, can be incremented during
sleep via external crystal/clock.
& Timer2: 8-bit timer/counter with 8-bit period register, prescaler and
postscaler.
& Two Capture, Compare, PWM modules
= Capture is 16-bit, max. resolutlon is 12.5 ns.
» Compare is 16-bit, max. resolution is 200 ns.
= PWM max. resolution is 10-bit.
< 10-bit multi-channel Analog-to-Diagital converter.
% Universal Synchronous Asynchronous Recetver.
& Transmitter (USART/SCI) with 9-bit address detection.
& Parallel Slave Port (PSP) 8-bits wide, with external RD, WR and CS
controls (40/44-pin only).



3.4 INPUT/OUTPUT PORTS

The input/output ports are used to interface the external peripherals with
the microcontroller. Some of these input/output ports are multiplexed with an
alternate function for the peripherals, which are in-built in the micro
controller. In general when a perip‘herals is enable that pin may not be use a
general-purpose input/output pin.

The analog channels present in the PORT A and PORT E are used as
analog inputs for the voltage and current signals. These pins are configured as
an input pins.

The PORT D is configured as an output port in order to communicate
the 8 bit data for the LCD module. The three pins from PORT C are used as
control line for the LCD module.

In PORT B the pins RBO and RBS are used as input pin and RB3 as
output pin. The pin RBO is connected with XOR gate output for the power
factor calculations. The pin RB5 is connected with an external key provided to
display the energy value during the power shut down periods. RB3 is
connected to transistor driven buzzer unit. Its gives SV signal to the transistor
base whenever the maximum demand is exceeded and an alarm will be
produced.

The pin RC6/TX is used for serial communication through USART
module. It is also configured as output pin and connected to MAX-232 input.

The above said input/output pins are shown in the Figure 3.1



3.5 A/D MODULE

PIC micro controller has a 10-bit A/D module. It consists of the

following registers,

% A/D Result High Register (ADRESH).
> A/D Result Low Register (ADRESL).
> A/D Control Register O (ADCONO).

> A/D Control Register I{(ADCONTI).

ADCONI1 register is used to configure the analog and digital I/O pins
and ADCONO for selecting the channels and to start the A/D conversion

process.

The ADRESH:ADRESL register contains the 10-bit result of the A/D
conversion when the cénversio’n is completed. The result is loaded in this
A/D result register pair. The voltage and current signal are converted
into10 bit equivalent digital value. These values are then get manipulated in

the microcontroller, for power and energy calculation.
3.6 TIMER 0 MODULE

This module operates in either 8-bit timer/counter mode. In our project

it is used as timer for time calculations.



The timer mode is selected by clearing bit TOCS of OPTION_REG<5>.
The prescalar range is selected as 1: 256. The timer O module will

increment after every 256 instruction cycles.

From the increment of TMRO register the seconds are incremented and

the time calculation are made to calculate the energy and to display the

parameters on LCD.
3.7 TIMER 1 MODULE

It is a 16-bit timer/counter consisting of two 8-bit register (TMR1H and
TMRI1L). These register pair increments from 0000 to FFFFh. |

This module is used as timer in order to calculate the time period of

XOR gate output pulse, from the time period power factor can be

calculated.

The timer] control register (TICON) is used to set the pre scalar value
and to start the timer to increment the register pair (TMR1H and TMRI1L).
are made to increment on the rising edge and stopped at falling edge of the
count pulse. The incremented values are then used for the calculation of

power factor.
3.8 USART

The Universal Synchronous Asynchronous Receiver Transmitter
(USART) module is one of two serial I/O modules. It is also known as
serial communications interface. This module is configured as an

e cuctern that can used to communicate with personal



The following register are used to configure in asynchronous mode:
%  TXSTA - Transmit status and control register.
> SPBRG - Baud rate generator register.

» RCSTA - Receive status and control register

The TXSTA register is used to enable the transmission, select
asynchronous mode (to set Low/High baud rate) and to check the TSR

register is empty or full.

The SPBRG register has the value of baud rate to be generated. The

formula used 1s-

Baud rate=Fosc/16(X+1)

Where F osc — frequency of oscillator.

X — SPBRG register value

In our project 110-baud rate is used with SPBRG register value as 141.

RCSTA register is used to select and enable serial port.
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4. LCD DISPLAY

Liquid crystal displays (LCDs) have materials, which combine the
properties of both liquids and crystals. Rather than having a melting point, they
have a temperature range within which the molecules are almost as mobile as
they would be in a liquid, but are grouped together in an ordered form similar to
a crystal. An LCD consists of two glass panels, with the liquid crystal material
sand witched in between them. The inner surface of the glass plates are coated
with transparent electrodes which define the character, symbols or patterns to be
displayed polymeric layers are present in between the electrodes and the liquid
crystal, which makes the liquid crystal molecules to maintain a defined

orientation angle.

One each polarizer are pasted outside the two glass panels. These
polarizers would rotate the light rays passing through them to a definite angle, in
a particular direction. When the LCD is in the off state, light rays are rotated by
the two polarizers and the liquid crystal, such that the light rays come out of the

LCD without any orientation, and hence the LCD appears transparent.

When sufficient voltage is applied to the electrodes, the liquid crystal
molecules would be aligned in a specific direction. The light rays passing
through the LCD would be rotated by the polarizer, which would result in
activating / highlighting the desired characters. The LCD’s are lightweight with

only a few millimeters thickness. Since the LCD’s consume less power, they



wre compatible with low power electronic circuits, and can be powered for long

jurations. The LCD doesn’t generate light and so light is needed to read the

display. By using backlighting, reading is possible in the dark. The LCD’s have

long life and a wide operating temperature range.
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5. TRANSMITTER

The purpose of a communication system is to deliver a message signal
from an information source in recognizable form to a user destination, with the
source and the user being physically separated from each other. When the
distance involved is large, it will not be economical to provide separate wires for
communication purposes. In fact, for such long distance the telephone line
provides a very good medium for transmission of information.

Within a limited environment, digital data can be transmitted directly as
base band pulses. However, for transmission over telephone cables, it is
necessary to encode the signals in forms in which spectra are shifted to higher
frequencies. Hence we have combined the various advantages of telephone lines

and digital communication for monitoring various electrical parameters.
5.1 MODULATION

The transmitter modifies the message signal into a form suitable for
transmission over a channel. This modification is achieved by means of a
process known as modulation, which involves varying some parameters of a

carrier wave in accordance with the message signal.



5.1.1 MODULATION TECHNIQUES

The basic methods for binary transmission are amplitude shift keying

(ASK), frequency shift keying (FSK), phase shift keying (PSK).

» ASK involves turning a carrier on and off to represent the binary
values.

» FSK involves switching between two frequencies to represent the
binary data. |

» PSK involves switching between two phase to represent the binary

data.

Here in our project we use FSK due to various advantages.

5.1.2 ADVANTAGES OF FSK

Principle benefits include: immunity to "adverse environment"
conditions, the ability to transmit data across commutates or sparking sources
the transmission of any type of data over any two conductor wire, shielded or
unshiclded, twisted or untwisted, including existing in-place writing .In
summary, the FSK Advantage results in user-friendly ease of installation,
operation and reconfiguration as well as significantly enhanced range, accuracy,
reliability, and data integrity in hostile, harsh environments with the utmost in
transparency . The advantage of FSK over on-off keyed continuous wave is that
it rejects unwanted signals (noise) that are weaker than the desired signal. A

signal is always present in the FSK receiver, automatic volume control methods

mav be used to minimize the effects of signal fading caused by ionosphere



variations. The amount of inherent signal-to-noise ratio improvement of FSK

over AM is approximately 3 to 4 dB.

This improvement is because the signal energy of FSK is always present
while signal energy is present for only one-half the time in AM systems. Noise
is continuously present in both FSK and AM, but is eliminated in FSK reception.
Under the rapid fading and high-noise conditions that commonly exist in the
high frequency (hf) region, FSK shows a marked advantage over AM. Overall
improvement is sometimes expressed as the ratio of transmitted powers required

to give equivalent transmission results over the two systems.

Such a ratio varies widely, depending on the prevailing conditions. With
little fading, the ratio may be entirely the result of the improvement in signal-to-

noise ratio and may be under 5 dB. However, under severe fading conditions,
large amounts of power often fail to give good results for AM transmission. At

the same time, FSK may be satisfactory at nominal power.

The power ratio (FSK versus AM) would become infinite in such a case.



5.2 BINARY FSK

Frequency shift keying (FSK) is the most common form of digital
modulation in the High frequency radio spectrum, and has important
applications in telephone circuits. Binary FSK (usually referred to simply as

FSK) is a modulation scheme typically used to send digital information

The data are transmitted by shifting the Frequency of a continuous
carrier in a binary manner to one or the other of two discrete frequencies. One
frequency is designated as the “mark” frequency and the other as the “Space”

frequency. The mark and space correspond to binary one and zero, respectively.

By convention, mark corresponds to the higher Radio frequency. Figure 5.2.1

shows the relationship between the data and the transmitted signal.
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Figure 5.2.1 FSK Modulation



The minimum duration of a mark or space condition is called the
element length. Typical values for element length are between 5 and 22
milliseconds, but element lengths of less than 1 microsecond and greater than 1
second have been used. Bandwidth constraihts in telephone channels and signal
propagation considerations in HF channels generally require the element length
to be greater than 0.5 millisecond. An alternate way of specifying element length
is in terms of the keying speed. The keying speed in “bauds” is equal to the
inverse of the element length in seconds. Frequency measurements of the FSK
signal are usually stated in terms of “shift” and center frequency. The shift is the
frequency difference between the mark and space frequencies. Shifts are usually
in the range of 50 to 1000 Hertz. The nominal center frequency is half way
between the mark and space frequencies. The deviation is equal to the absolute
value of the difference between the center frequency and the mark or space

frequencies. The deviation is also equal, numerically, to one half of the shift.
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Figure 5.2.2 FSK Parameter



5.3 FSK GENERATOR

[n our project, we use function generator (IC6) to generate two different
frequencies to represent the binary data. The frequency which represents bitl, is
called mark frequency and the one, which represents bit0, is called as space

frequency.
5.3.1 MODULATOR IC

The XR-2206 (IC6) 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
generalor applications requiring sinusoidal tone, AM, FM, or FSK generation.
The oscillator frequency can be linearly swept over a 2000:1 frequency range

with an external control voltage, while maintaining low distortion.

5.3.1.1 SYSTEM DESCRIPTION

The IC6 is comprised of four functional blocks; a voltage-controlled
oscillator (VCO), an analog multiplier and sine-shaper; a unity gain buffer
amplifier; and a set of current switches. The VCO produces an output frequency

proportional to an input current, which is set by a resistor from the



iming terminals to ground. With two timing pins, two discrete output
requencies can be independently produced for FSK generation applications by
ssing the FSK input control pin. This input controls the current switches, which

select one of the timing resistor currents, and routes it to the VCO.
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Figure 5.3.1.1 Block Diagram of IC6



.3.1.2 FREQUENCY-SHIFT KEYING GENERATION

The 1C6 can be operated with two separate timing resistors, R 1 and R 2,
-onnected to the timing Pin 7 and 8, respectively. Depending on the polarity of
the logic signal at Pin 9, either one or the other of these timing resistors is
activated. If Pin 9 is open-circuited or connected to a bias voltage >= 2V, only
R 1 is activated. Similarly, if the voltage level at Pin 9 is <=1V, only R 2 is
activated. Thus, the output frequency can be keyed between two levels. f 1 and

2 ,as:
f1=1/R1Candf2=1/R2C

For split-supply operation, the keying voltage at Pin 9 is referenced to V -. Mark
and space frequencies can be independently adjusted by the choice of timing
resistors, R 1 and R 2; the output is phase-continuous during transitions. The
keying signal is applied to Pin 9. The circuit can be converted to split-supply

operation by simply replacing ground with V-

The pin 9 FSK input terminal of IC6 can be also used to provide the
waveform generator with FSK operation, here a keying or pulse waveform is fed
directly to pin 9 and circuit action is such that when this keying waveform is
greater than +2V relative to —ve supply rail pin 7.R1 timing resistor is selected,

but when the keying waveform is below +1V pin 8 R2 timing resistor is selected

instead.
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6. RECEIVER

The transmitted data are retrieved using a FSK demodulator circuit. The

modulating signal is recovered from the demodulator circuit and interface to PC

using-RS232dogic. 2

6.1 FSK DEMODULATOR

A demodulator is a device that recovers the original information from a
modulated signal (a signal that is modulated onto a carrier frequency). There are

a large numbers of options for FSK detectors.

Some important considerations, which should be kept in mind, are
sensitivity (ie does the detector require volts or micro volts to operate),
maximum carrier frequency, and bandwidth. PLLs are a good option: eg the

NES65 (up to .5 MHz). Thus in our project IC7 used as FSK demodulator.

The IC7 is a general purpose phase-locked-loop. The main advantages are
accuracy and excellent rise time integrity. This signal may be fed through a
capacitive coupling network to the Phase Detector reference input, Pin 3, and

provides good matching for the input.



6.2 PHASE LOCKED LOOPS (PLL)
6.2.1 BASIC PRINCIPLES

The basic block diagram of PLL consists of
» Phase detector\comparator
» Low pass filter
» Error amplifier

Voltage Controller Oscillator (VCO)

5
A
PO— ) Phase ve ) Low-Pass —
fs Detector Filter
fO vC
VCO —
VO

Figure 6.2.1.1 Block Diagram of PLL

The VCO is a free running multi-vibrator and operates at a set frequency
f0 called free running frequency. This frequency is determined by an external
timing capacitor and an external resistor. It can also be shifted to either side by
applying a DC control voltage Vc to an appropriate terminal of the IC. The
frequency deviation is directly proportional to the DC control voltage and hence

it is called as “Voltage Controller Oscillator”, or in short VCO.



If an input signal Vs of frequency fs is applied to the PLL, the phase
detector compares the phase and fréquency of the incoming signal to that of the
output v0 of the VCO. If the two signals differ in frequency and\or phase, an
error voltage Ve is generated. The phase detector is basically a multiplier and
produces the sum (Fs+F0) and difference (Fs-FO) components at its output. The
high frequency component (FS+F0) is removed by the low pass filter and the
difference frequency component is amplified and then applied as control voltage
VO to VCO. The signal Ve shifts the VCO frequency in a direction to reduce the
frequency difference between FO and Fs. Once this action starts, we say that the
signal is in capture range. The VCO continues to change frequency till its output
frequency is exactly the same as the input signal frequency. The circuit is said to
be locked. Once locked, the output frequency of VCO is identical to Fs expect
for a finite phase difference. This phase difference generates a control voltage
Ve to shift the VCO frequency from FO to Fs and thereby maintain the lock.
Once locked, PLL tracks the frequency changes of the input signal. Thus, a PLL
tracks the frequency changes of the input signal. Thus, a PLL goes through three
stages |

/

% Free running

@

% Capture

®,

#»  Locked or tracking

As capture starts, a small sine wave appears. This is due to the difference
frequency between the VCO and the input signal. The DC component of the beat
drives the VCO towards lock. Each successive cycle causes the VCO frequency
to move closer to the input signal frequen;y. The difference in the frequency
becomes smaller and a larger DC component is passed by the filter, shifting

VCO frequency further. The process continues until the VCO locks on to the



The low pass filter controls the capture range. If VCO frequency is far

away, the beat frequency will be too high to pass through the filter and the PLL
will not respond. We say that the signal is out of the capture band. However,
once locked, the filter no longer restricts the PLL. The VCO can track the signal
well beyond the capture band. Thus tracking range is always larger than the

capture range.

Some of the important definitions in relation to PLL are:

LOCK-IN RANGE: once the PLL is locked, it can track frequency changes in
the incoming signals. The range of frequencies over which the PLL can maintain
lock with the incoming signal is called the lock-in range or tracking range. The

lock range is usually expressed as a percentage of FO, the VCO frequency.

CAPTURE RANGE: The range of frequencies over which the PLL can acquire

lock with an input signal is called the capture range. This parameter is also

expressed as percentage of FO.

PULL-IN TIME: The total time taken by the PLL to establish lock is called
pull-in time. This depends on the initial phase and frequency difference between

the two signals as well as on the overall loop gain and loop filter characteristics.



6.3 DEMODULATOR IC

6.3.1 GENERAL DESPRIPTION

The IC7 (IC PLL 565) is general purpose phase locked loops containing
a stable, highly linear voltage controlled oscillator for low distortion FSK
demodulation, and a double balanced 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 closed loop system bandwidth, response speed, capture and
pull in range may 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 frequency divider to obtain frequency multiplication.
565 is available as a 14_pin DIP package and as 10 pin metal can
package. The output of the VCO (both inputs pins 2 and 3 grounded) is given by
F0=0.25/ (Rt+Ct) Hz

where Rt and Ct are the external resistor and capacitor connected to pin 8 and
pin9. A value between 2Kohms and .2OKohms is recommended for Rt. The VCO
free running frequency is adjusted with Rt and Ct to be the centre of the input
frequency range. It may be seen that phase locked loop is internally broken
between the VCO output and phase comparator input. A short circuit between
pins 4 and 5 connects the VCO output to the phase comparator so as to compare
FO with input signal Fs. Capacitor C is connected between pin 7 and pin 10 to

make a low pass filter with the internal resistance of 3.6 Kohms.
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Figure 6.3.1.1 Pin Diagram of IC7

6.3.2 FEATURE

» 200 ppm/ deg C frequency stability of the VCO.

> Power supply range of 5 to 12 volts .

» 0.2% linearity of demodulated output.

» Linear triangle wave with in phase zero crossings available.

» TTL and DTL compatible phase detector input and square wave output.
» Adjustable hold in range .



6.3.3 FSK DEMODULATOR

The binary data can be retrieved using a FSK demodulator. The

frequency range is 1070 Hz to 1270 Hz. As the signal appears at the input, the

loop locks to the input frequency and tracks it between the two frequencies
with a corresponding DC shift at the output. A three stage filter removes the

carrier component and the output signal is made logic compatible by a voltage

comparator.
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Figure 6.3.3.1 FSK Demodulator
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7.RS232
7.1 RS232 SERTAL DATA STANDARD

In the 1900’s as the use of time-share computer terminals became more
widespread; modems were developed so that terminals could use phone lines
to communicate with distant computers. Modems and other devices which are
used to send serial data are often referred to as data communication equipment
or DCE. The terminals or computers that are sending or receiving the data are
referred to as data terminal equipment or DTE. In response to the need for
signal and handshake standards between DTE and DCE, the Electronic
Industries Association (EIA) developed standard RS-232. This standard also
describes the voltage levels, impedance levels, rise and fall times, maximum

bit rates, and maximum capacitance for these signal lines.

The voltage levels for all Rs-232 signals are as follows. A logic high, or
mark, is a voltage between -3V and -15V under load (-25V under no load). A
logic low or space is a voltage between 3V and 15V under load (25V under no
load). Voltage such as 12V is commonly used. The output signal level usually
swings between +12V and -12V. The “dead area” between +3V and-3V is
designed to absorb line noise. Many receivers designed for RS-232 are

sensitive to differentials of 1V or less.
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Figure 7.1 Pin diagram of RS232

TABLE 7.1 RS232 PIN ASSIGNMENTS

Pinl Received line signal detector (data carrier detect)
Pin2 Received data

Pin3 Transmit data

Pin4 Data terminal ready

Pin5 Signal ground

Pin6 Data set ready

Pin7 Request to send

Ping Clear to send

Pin9 Ring indicator




7.1.1 PIN DESCRIPTION

1. DTR (Data Terminal Ready)
When the terminal is turned on, after going through a self-test, it sends

out signal DTR to indicate that it is ready for communication.

2. DSR (Data Set Ready)

When DCE is turned on and has gone through the self-test, it asserts

DSR to indicate that it is ready to communicate.

3. RTS (Request to Send)
When DTE device has a byte to transmit, it asserts RTS to signal the

modem that it has a byte of data transmit.

4. CTS (Clear To Send)
In response to RTS when the modem has room for storing the data it is
to receive, it sends out signal CTS to the DTE (PC) to indicate that it can

receive the data now.

5. DCD (Data Carrier Detect)
The modem assert signal DCD to inform the DTE (PC) that a valid

carrier has been detected and that contact between it and other modem is

established.



6. RI (Ring Indicator)

An output from the modem (DCE) and an input to a PC (DTE) indicates
that the telephone is ringing. It goes on and off in synchronization with the

ringing sound.

While signals DTR and DSR are used by the PC and modem
respectively, to indicate that they are alive and well, it is RTS and CTS that
actually control the flow of data. RTS and CTS are also referred to as hardware

control flow signals.

This concludes the description of the most important pins of the RS232
handshake signals plus TxD, RxD and ground. Ground is also referred to as

SG (signal ground).



7.2 MAX 232
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Figure 7.2.1 Typical operating circuit

The MAX232 device is a dual driver/receiver that includes a capacitive
voltage generator to supply EIA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V,

and can accept +30-V inputs. Each driver converts TTL/CMOS input levels
into EIA-232 levels.

Each of the two transmitters is a CMOS inverter powered by +10v

internally generated supply. The input is TTL and CMOS compatible with a



threshold of about 26% of Vce. The input if an unused transmitter section can
be left unconnected, an internal pull up resistor connected between transistor
input and Vec will pull the input high forming the unused transistor output
low. The open circuit output voltage swing is guaranteed to meet RS 232
specification +5V output swing under the worst of both transmitter driving
the minimum load impedance, the Vcc input at 4.5V and maximum allowable

ambient temperature typical voltage with 5kQ and Vce = +9V.

IC4
Ci+__§ 16 f—— Vce
V+__ 12 M {5 L GND
Cl- — 4 A 4 L TIOUT
C2+ 4 X 3 b— RIIN
2|5 2 [ L RIOUT
v- g 3 L TIN
T20UT ___| 5 2 o L TN
RAIN___| g 9 | R20UT

Figure 7.2.2 Pin Diagram of max 232



7.2.1 ELECTRICAL CHARACTERISTICS OF MAX 232

Vce = 6V.
V+ = 12V.
V-=12V.

7.2.1.1 INPUT VOLTAGE

Tl in, T2 in=-0.3 to (Vcc + 0.3V)
Rl in, R2 in = +30V or -30V.

7.2.1.2 OUTPUT VOLTAGE

Tlout, T2 out = ((V+)+0.3V)to ((V-) +0.3V).
R1out,R2out =-0.3Vto (Vcc+ 0.3V).

Power dissipation = 375 mW.

Output resistance = 300Q.



Conclusion



CONCLUSION

Initially the hardware of our project has been designed and tested
successfully. The assembly codes for PIC Micro controller for calculation of

necessary parameters were developed. In addition to that, battery backup circuit

and EEPROM for storage of previous values was implemented.

The difficulties, which experienced, were the noise overlapping the data

during transmission.

This project would serve its purpose where remote monitoring of the

system is needed and maximum demand should be maintained within the limits.

Apart from this it can be employed for domestic applications also.



FUTURE ENHANCEMENT

L/

¢ Instead of telephone lines for transmission, wireless communication can

be adopted.

% Maximum demand if exceeded can be controlled by disconnecting the

excess loads using relays.

)

¢ Electricity bill can also be calculated and displayed.
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PIC CODING

#include<pic.h>

#include<math.h>

#include "lcd.h"

static bit input @((unsigned) &PORTB*8+0);

bank1 unsigned char v1,v2,v3,i1,i2,i3,sec:O,ss,ad_ﬂag:O,count,pulse_f;
unsigned char pf,t,numb;

unsigned long k,ap.p;

unsigned int val,L,e.ep;

float x,y;

bit disp_f,f,md,sO,sl ,52,ﬂag,disp,read,wr_bit,tt,set;

void main()

{

ADCON1=0X80;

TRISC=0XFO;

TRISA=0XFF;

TRISD=0;

TRISB=0xFF;

OPTION=0X&7,;

GIE=1;

PEIE=1;

TOIE=1;

TMRO=0;

e=0;

wr_bit=1;

led_init();

clear_lcd();

SPBRG=242;

SPEN=1;

display_string(" DIGITAL METER ");

while(1)

{

sleep();
ADCONO=0x81;
ADGO=1;
while(ADGO);
v1=((ADRESH*25 6)+ADRESL);
ADCONO0=0x89;



v2=((ADRESH*256)+ADRESL);
ADCONO=0x91;
ADGO=1;
while(ADGO);
v3=((ADRESH*256)+ADRESL);
ADCONO0=0x99;
ADGO=1;
while(ADGO);
'11=((ADRESH*256)+ADRESL);
ADCONO=0xal;
ADGO=1;
while(ADGO);
i2=((ADRESH*256)+ADRESL);
ADCONO0=0xa9;
ADGO=1;
while(ADGO);
i3=((ADRESH*256)+ADRESL);
cal_powerfact();
calcu_power();
calcu_energy();
transmit_values();
if(sO==1 && disp_I)

{

s0=0;

disp_f=0;

display_scrl();

sl=1;

}

if(s1==1 && disp_{)

{

s1=0;

disp_t=0;

display_scr2();

s2=1;

}

void interrupt isr()
{
if(RBIF)



RBIF=0;
if(RB7)
{
disp=0;
}
}
if(TOIF)
{
TOIF=0;
count++;
if(count==135)
{
count=0;
sec++;
}
if(sec==3)
{
sec=0;
}
}
}
void sleep()
{
if('RB7)
{
RBIE=1;
}
sleep:;
if{RB7 && RB5==0)
{
if(t==5)
{
TOIE=0;
lcd_off();
if(wr_bit)
{
write_data();
}
asm("SLEEP");

)

alcp



t=0;

if(disp)

{
led_on();
TOIE=1;
disp=0;
goto sleep;

]

I
if(read && tt)
{
lcd_on();
TOIE=1;
}
}
cal_powerfact()
{
TMR1IE=0;
while(input==0);
TMRI1ON=1;
while(input==1);
TMR10ON=0;
x=(TMR1H<<8)+TMRIL;
y=cos(x);
y=y*100;
pf=y;
}
calcu_power()
{
l=v1*1l;
1=1/10;
ap=ap+l;
k=(long)I*pf;
p=k+p;
l=v2*12;
1=1/10;
ap=l+ap;
k=(long)I*pf;
p=k+p;
!
calcu_energy()

{



{

f=0;

e=(int)(p/1200);

e=ep+e;

ep=e;

)

}
display_scrl()

{
display_voltage1():
display_energy();

}

display_scr2()
{
display_voltage2();
display_energy();
}

display_scr3()
{
display_voltage3();
display_energy();
}
display_voltage1()
{

unsigned char temp=0;

display('R");

display(' );
display((v1/100)+0x30);
display((i1/100)+0x30);
display((pf/100)+0x30);

}
void display_energy()
{
unsigned int temp;
display('E');
if(md==1)
{



display((ap/10000)+0x30);

}

}

transmit_values()

{
unsigned int temp=0;
ser_tx((v1/100)+0x30);
ser_tx((v2/100)+0x30);
ser_tx((v3/100)+0x30);
ser_tx((11/100)+0x30);
ser_tx((i2/100)+0x30);
ser_tx((13/100)+0x30);
ser_tx((pf/100)+0x30);
ser_tx((e/10000)+0x30);
ser_tx((ap/10000)+0x30);

}

void ser_tx(unsigned char te)

{
TXREG=te;
while(!TRMT);
TRMT=0;

}



VB CODING

Dim i, j, k As Integer

Dim dat As String

Dim tes As String

Private Sub Command]1_Click()
If1=0 Then
Command4.Visible = True
i=1

Else

Command4.Visible = False
1=0

End If

End Sub

Private Sub Command?2_Click()
If j=0 Then
Command5.Visible = True

j=1

Else

Command5.Visible = False
j=0

End If

End Sub

Private Sub Command3_Click()
If k=0 Then
Command6.Visible = True
k=1

Else

Command6.Visible = False
k=0

End If

End Sub

Private Sub Command4_Click()
Form2.Show
End Sub

Private Sub Command7_Click()



Private Sub Form_Load()
MSComm1.CommPort = 1
MSComm1.Settings = "110,N,8,1"
MSCommI!.PortOpen = True

End Sub

Private Sub Textl_Change()
If (Mid$(Textl.Text, 1, 1)) ="Z" Or Mid$(Textl.Text, 1, 1)) = "X")
Then
If (Len(Form1.Textl.Text) >= 58) Then
dat = Textl.Text
Textl.Text=""
Form2.Text]l. Text = Mid$(dat, 1, 1)
Form?2.Label2.Caption = Mid$(dat, 3, 3)
Form2.Label4.Caption = Mid$(dat, 7, 3)
Form2.Label6.Caption = Mid$(dat, 11, 3)
Form2.Label8.Caption = Mid$(dat, 15, 4)
Form?2.Label10.Caption = Mid$(dat, 20, 4)
Form2.Label12.Caption = Mid$(dat, 25, 4)
Form?2.Label14.Caption = Mid$(dat, 30, 4)
Form?2.Label16.Caption = Mid$(dat, 30, 4)
Form?2.Label18.Caption = Mid$(dat, 30, 4)
Form2.Label20.Caption = Mid$(dat, 43, 6)
Form2.Label22.Caption = Mid$(dat, 50, 6)
tes = Form2.Label22.Caption
End If
Else
Textl. Text=""
End Sub
Private Sub Timerl_Timer()
Forml.Textl. Text = Forml.Textl.Text + MSCommI1.Input
End Sub

Private Sub Timerl_Timer()

If Textl.Text = "X" Then

Open CommonDialogl.FileName For Append As #1
Print #1, "DEMAND=" & Form2.Label22.Caption
Print #1, "DATE=" & Date

Print #1, "TIME=" & Time

Print #1, "--meemem o "

Close #1
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APPENDIX 2

NNutional Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX senes of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, sliminating the distribution prablems associated
with single point regulation. The voltages available allow
these requlators 1o be used in logic systems, instrumenia-
tion, HiFi, and other solid stata elactronic equipment. Al-
lhough designed primarniy as fixed voltage regulators these
davices can bg usad with extarnal components to oblain ad-
justable vollages and cuments.

The LM78XX seres is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adaquats heat
sinking is provided. Cument imiting is included to limit the
peak oulput current to a safe valus. Safe area prolection for
the oulpul transistor is provided to limit internal povear dissi-
pation, If inlemal power dissipation becomas too high for the
haat sinking provided, the themal shutdown circuit takes
over preventing the |C rom overheating.

Considerable effort was expanded o make the LM78XX se-
nes of requlators @asy to usa and minimiza the number of
extemal components. Itis not necessary o bypass the out-

May 2000

pul although this does improve transient response. Input by-
passing is nesded only if the regulalor is located far from the
filler capacitor of the power supply.

For oulput woltage other than 5V, 12V and 15% the LM11T
seres provides an output voltage range from 1.2% o 7Y

Features

w Sutput current in excess of 14

= [nternal themmal overoad prolection

= Mo extemal components required

= Output transistor safe area protaction

= |nternal short circuit curent limit

® Available in the aluminum TO-3 package

Voltage Range

LMTBOEC 5
Lk7a12C 12
LM7815C 5%

Connection Diagrams

Metal Can Package
TO3 (K)
Aluminum

QUYL Bt U

INPUT "
IR T2
Bottom View
Qrcker Number LMTI05CK,
LMTE12CK or LM7B15CK
See NS Package Number KC0ZA

Plastic Package
TO-220(T)

LT e O

Top View
Order Rumber LM7805CT.
LIAT812CT or LM7815CT
Sae NS Package Mumber TO2B

N =———— L
e )
T e

CRO0TIE 2
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Low Dropout
Voltage Regulators

The LM2831 series consisis of positive fixed and adjustable output
yoliage reguiaiors that are specifically designed to maintain proper
regulation with an extremely low input-to—output woitage differential. These
devices are capable of supplying oufput curems in excess of 100 mA and
feature a low biag current of 0.4 mA at 18 ma oulput.

Diesigned primarily 10 survive in the harsh automotive smyironment, these
devices wili protect all external ioad circuftry from input fault conditions
caused by reverse battery connection, two baftery ump starts, and
excessive line transignts during ipad durnp. This sedies also includes intemal
current limiting, themal shutdow, and additionaly, is able to withstand
temporary power-up with mirror-image insertior.

Due ic the low dropout voliage &nd pias curent specifications, the
LM2931 series is ideally suited for battery powered industrial and consumer
equipment where an extension of useful battery lfe is desiralie. The ‘T’
suffix adjustable outpus reguiators feature an output inhibit pin which is
extremely usefut in microprocessor-hased systems.

+ Input-to-Output Woltage Diffsrential of = 0.6 @& 100 ma

« Output Current in Excess of 100 mA,

o Low S Cument

* 50 Load Dump Protection

« 50V Reverse Transient Protection

* Internal Cutrent Limiting with Thermat Shutdown

& Temporary Mirror-image Protection

+ ideally Suited for Battery Powered Equipment

» Economical 5-Lead TO-220 Package with Two Cptionat Leadforms
o Availabie in Surface Mount SOP-8, D2PAK and DPAK Packages

{See Foiowing Page for Ordering informaticn. |

Order this document by LM2931iD

LM2931

Series
LOW DROPOUT
VOLTAGE REGULATORS
FIXED OUTPUT VOLTAGE
Y
Z SUFFIX /i
PLASTIC PACKASE I
case o
Ry oo
3
T SUFFIX @
PLASTIC PACKAGE '
CHSE 2214

Healsink surfsce Pn ii W
conreied lo Pir 2. | T Geang

H T O

2 4
0T-1 SUFFIX

PLASTIC PACKAEGE

T SUFFIX
PLASTIC PACKAGE
CASE 382~
{DPAKD

D27 SUFFIX
PLASTIC PACKAGE

CASE 825

Py

{CIPAK) iy

Haatsink surlaza (shown as termenal ¢
case agine drawing) is conrested 1o Fie 2

TH SUFFIX
FLASTIC PACKAGE
CASE 3144

Top View} TV SUFFIX

PLASTIC PACKAGE
CARE 2148

D SUFFIX
PLASTIC PACKAGE
CASE 781

ADJUSTABLE (SOP-3)

Celtgeat
iraitit Adjes T SUFFIX

g PLASTC PACKAGE
CASE 314D 1

Grd

lpen sk

Oulpat

ADJUSTABLE OUTPUT VOLTAGE

Fin 1 Agust
2. Qutput Ienbit
3 Graknd
& Input
£ Quiput

3

D2T SUFFIX
SLASTIC PACKAGE
CAZEZQICA
{CRPAL
Healsing surf3ce 1303




ELECTRICAL CHARACTERISTICS {viq = ¥ VNG =30V = 10 A, Re = 27 k. Gy = 100 We CryEsR) = C3 LTy =25°C e =
LM2331C
Characteristic Symbol MWin l Typ Max \ Unit
ADJUSTABLE QUTPUT
Reference \oltage {Note 5. Figura 183 Veat . o
o= 10 ma, TJ=25”C 1Lt 1.2C 1 2?
IO:LTOSM,TJ=—4CHDH:E“C +.08 - 1.32
Crustpus Voltage Range VO range Do l4 271288 -
Lirve Regulation (Vin = VO + 0.8 to 23 V) Reghne - c.2 +.5 Aty
Load Regutation {i¢; = 5.0 A to 100 maAY Regigad - C.2 .0 o J
Sutput Impedarce 2o ML
o =1C ma, Alg = 1.0mA T 10 Hzto 10 kHz - 43 -
Bias Current B ) s,
o =100mA - €.0 -
fo=10ma - G .2
Quput Inkibited (Vi Oty = 25w - ped .2
Adjustment Pin Currant Iadj - 2 - e
Crutout Woise Vohage (f= 10 Hz to 100 kHz) Vi - 140 - WSS
Long—Term Siabilisy S - C3 - kR
Ripple Rejection (f = 120 Hz) RR .10 0003 - S
Dropout Voliage ] o
o= 10mA - 8315 v
o= 100 mé& - - .18 R
Crwver—voitage Shutdown Theashold WEh(OWY % 268 Y "
Cutput Valtage with Reverse Boiarity input (Vin = —18%) Ny . c -
Trtpu® Irhitt Threstold Woltages Yo Gl
Ouspit "OR™: Ty =28°C - 2.1 L&D
T = -4 1o 2S00 - - 1.20
Cusput "OF - Ty=285C 2.80 228 -
Ty=-40Fw +128°C 3.25 - -
Cutput Indibit Threshold Current Mo = 2.8 V) (O} - pas} = e

RGTES: 4. Low guty Cycle pulse trehniques are used during test

5 Thereferance yollags snthe ac uslanie device Is Maast

o Malniain ANCHON [erMpeTature as clase o ambient 35 FoSsibe
ragd frory M2 BLIPLT @ the ACfust DR 3LTSSE Fy.

APPLICATIONS INFORMATION

The LM2931 series reguistors are designed with many
protection features making them essentially blow--out proist.
These festures include intema current miting, thema!
shutdown, overvoltage and reverse polarity input protection,
and the capability to withstand temporary power-us Wit
miror—image insertion. Tygical applicaticn circuits for ine
fixed and acjustable output device are shown in Figures 17

and 18.

The input bypass capaciior Cip I8 recommended ¥ e
regulator is located an appreciabie distance {z 4y from e
supply input filter. This will reduce the circuit’s sensitivity 10

the input e impedance at high frequencies.

This regulator series is not internally compens

ated and

thus requires am external output capacitor for stabdity. The
capacitance value required is dependant upon the load
current, output voltage for the adjustabie reguiator, and the
type of capacitor sciected. The least stable condition i
encountersd at maximum oad current and minimum outsut
voltage. Figure 22 shows that for operation in the “Staple”
region, under the conditions specified, the magnitude of tha
output capaciior impedance 2ol must not exceed 0.4, Q. This
limit must be observed over the entire operating temperaiure

range of the reguiator circuit.

With economical elecirolylic capacitors, col

operation can pose a serious stability

electroiyte freezes, around =G,
decrease and ihe equivaient series re
increase drastically, causing the gircut
giectroiytic capacitors with extende

ne

d temperature
probiem. Ag the

capacitance Wil

sistance (ESR) wili
o oscillate. Quaiity
¢ temperature ranges of

_40" tg +B5°C and -58° to +105°C are readily avaiabie.
Slid tantalum capaciiors may be a better choice if smal! size

is a requyement, however, the maxiny
tamperature must be cbserved.
Hote that in the stable region, the oulput

lineary proportionat to I?.o

frequency roli—off point of the circuit. O
titled *Marginally Stable” will cause the output
o exhibit random bursts of osciiiation

under—damped fashion. Continucus il

operating in the area titled “Unstable”. 1t

cven testing of the entine circu

um |Zo ! limit over

neise voltage is
_In effect, Co diclates e high
peration in the area
of the regilator
that decay ih an
slion occurs when
is suggested that
it be performed with maxkimum

tozd, minimum input vollage, and minimum ambient

temperature.



ON Semiconductor™

Internally Compensated,
High Performance

Dual Operational Amplifiers

The MC1438, C was designed for use a3 a summng aniphifier.
integrator, or amplifier with operadug characteristics as a function of

<he external feedback components.

o Np Frequency Compensation Required

¢ Shor Cireuit Protection

+ Wide Conuner Mfode and Differential Voltage

i

Jalitiodd
g

w1

+ Low Power Consumption
¢ Ne Latch-Up

MAXIMUM RATINGS (T4 = +25°C, unless otherwise noted. |

Rating Symbol Yalue Unit

Power Supply Voitage Voo +15 e
Veg -8

Input Diferervial Voltage Vip £30 Ay
imout Common Mode Yoltags (Nate 1} Vicw 15 W
Duipur Short Circut Duration (Kot 2 e Continuous
Operating Ambient Temperatire Range Ta Gto+70 °C
Storage Temperature Range Telg 56 1o +125 °C
Junction Temperature Ty 1ED o

HOTES: ¢, For euppty vonages iss than £15 YV, he absaiuie AR
input voltage i3 equal bo the suppy vollags.
2. Supoly woltage equal lo or 158 than 13 V.

Representative Schematic Diagram

Ouip

. — OV
T =
o—& l 45k
MNonenedng
o 39k 25
A s
W & ot
vir g
ring %
& “
: 4 ok b5
1oed  fsox §1ox S0k £

Vee

MC1458, C

DUAL

OPERATIONAL AMPLIFIERS
(DAL MC1741)

SEMICONDUCTOR
TECHHICAL DATA

I8

P4 SUFFIX

PLASTIC FACHAGE

CASE £28

&

%

D SUFFIX

PLASTIC PACHAGE

RN

CASE TE1
(5308}

PIti CONNECTIONS

{Top View)

ORDERING INFORMATIOH

Operating
Device Temperature Range | Package
MC1458C0. D S0-8
Ta =3 +70°C
yrryrevrgee BIRCRAE S WO

Publication Orger Number:

5




ELELTRICAL CHARACTERISTICS W =

#1EY Ve =V T E 28°C, uniess

MC1458, C

atherwise nowed. (ot 3

MC1458 MC1458C ‘l
Characteristic Symbol Min Typ Max Min Typ Max l Unit
Irout Cifset Volage (Rg € 10 K} Wio - 29 a0 - 2.8 13 m
frput Cffset Current ho - 20 200 - 3 30 . Y
lrout Bias Current ha - g0 200 - 20 706 né
me Resistance [ 03 20 - - 20 - MG
|~ 20y Capacitance o) - 1.4 - - 14 - oF
~#zet Voliage Adiustment Rarge Vios - 15 - - 18 - s
 smmen Mods Input Voltage Range Vicr 1 13 - 1t 13 - Y
Large Signal Vokage Gain Bagor Ve
""v"c =+10V, R =20k} 23 200 - - - -
a0V R = WK - - - 20 260 -
rn. i Resistance Iy - 75 - - 78 - {2
l': Smreon Moce Rejecticn {R5 S 10 k) CMR 70 50 - 80 29 - )
T, opiy Voliage Rejection (R3% 10%} PSR - 30 150 - 30 - W
Suinut Voltage Swing Vo 4
Ry 2 10k} +12 +14 - +11 +14 -
Ry s 2.0k} G 113 - 8.0 £13 -
Zurout Short Cirguit Current isn - 20 - - 0 - ma.
5 oply Currents (Both Amplifiers) I - 23 58 - 23 80 mh
Power Consumption Pc - 70 170 - 73 240 me
T ~nsna~nt Responsa (Unt'y Gain}
=20 my. R 220 ki3, C( & 100 pF} Rise Time M - a3 - - 33 - uz
=20 mv, Ry dzcmqsms pF) Overshoot 03 - 15 - - 15 - %
f| =10V . R 220k Cy 100 pF) Stew Rate 5k - a5 - - 3.5 - WS
ELECTRICAL CHARACTERISTICS (Mg =+15 W, Yeg =—15 V. Ta = Tygn to Tigw: Uniless cthenwise noted. {Note 33°
r MC1458 MC1458C
Characteristic $ymbol Min Typ Max Min Typ Max Unit
jrout Offsit Voliage (Rg S 10 kA1) Vio - - 7.5 - - 12 il
imput Ofset Current (Ta =0 to +PC) ho - - 300 - - 402 n&
|~aut Bias Current (T = 0% 0 +70°CY B - - 300 - - 1020 n&
Craput Voltage Swing Vo W
Ty 10K} *12 +14 - - - -
R 5 2K) £4] £13 - 00 | 23 - B
N'Je Signal Voltage Gain BuoL Vimy
g = 210V Ry = 2K) 18 - - - - _
Sem =0V R = 10K) - - - 15 - -

Ty = G Tor MC1233. S

NOTE: 3. iapulpies ofan URUER( AMpiner Must b2 grounded

Togn = *70°C 7 MC123E. C

for SpIL BUPSTY CPETALON OF (I3BET afheas 39V abve

1igg for Single Bupply SPEratan.



MicCrROCHIPD PIC 1 6F8 7X

28/40-pin 8-Bit CMOS EEPROM/Flash Microcontrollers

Microcontrolier Core Features: ’ Pin Diagram
* High-performance Rise CPU

- . ) . PDIP
* Unly 35 single word instructions ta learn
ST . Rp— . N PR S I SC ] e RETRLD
Fh sunrglf c%:liahlnst_n{fnons xl“:xoept for program P 3, N Aosoes
ranches which are two cycle - T d: B T nee
* Uperating speed: DC - 20 MHz clock input RATANZYIEF e [] 4 7] w—w RE:
DC - 200 ns instruction cycle RASANL VI e [ 3 [] w—a REWFGH
. RALTOLK - 13 35 [ a—p RE2
* Upto 8K x 14 words of Flash Program Memory, RAZANSTT = < -
Up 0 388 x & bytes of Data Memory (RAM) REIREANS wet (] 2 RB3 N
Upto256 x & bytes of EEPROM data memory RESTHRTANG wme- [ & Q 33 (] w—
* Pinout compatible to the PIC18CT 3747677 RENCEANT ~—a O 10 s i
S b , VIO ——a [T 44 £ RETEERT
* Interrupt capabilty {up to 14 internaliexternal g [ 42 3 RC&23Ps
interrupt 3OUICES) QECVELAN ——gm [ 13 & RE&=6Rs
B < CICTCLAOUT g [] 4 - [] «—a Ro&FoRe
Eight level deep hardware stack REETICIO TR de ReTRRDT
« Direct, indirect, and relative addressing modes REHTIONTLED o,

Power-on Reset {POR}
Powee-up Timer {PWRT} and
Cscilater Start-ug Timer (OST)

‘Natchdag Timer WDT) with its own an-chip RC
oscillator for reliable operation

2 ] e RDIEgE:

* Programmable code-protection Peripheral Features:

' Power saving SLEEP mgde * TimerG: 8-bit tmer/counter with 8-it prescaier

" Selectable oscillator options * Timert: 16-bit timer/counter with prescaier

" Low-power, high-speed CMOS EPROM/ can be incremenied during sleep vig exiemal
EEPROM technology crystaliclock

Fully static design Timer2: 8-bit timer/counter with 8-it periad
in-Circuit Seriat Programening™ via two pins regsster, prescaier ang posiscaier

Oniy singie 5V source nesded for programming Two Caplure, Compare, Py moduies
In-Cireuit Debugging via two pins Capture is 16-bi, max. resolution is 12.5 ng,
* Processor readiwrite access o program memory Compars is 16435‘:.' r:'»gx. r&so?ution 5 200 ns,
Yiide operating voitage range: 2.5V to 5.5 PYM max. resolution Is 10-bit

* .\ oan o ) X itital e
 High SinkiSource Current: 25 ms . 10-bit mulﬁ-chame& Anabg:thgltal co'gte*r»er‘ ‘
" Commercial and Industrial temperature ranges ' ;:}%‘;T:gglfgfmgzg :/(S?;VZ)I th SPI (haaster
* Low-power consumption: : . '

:'A ical 2“.’ . * . Universa; Synchrongus Asynchronous Receiver
T %< MAtypical @ 5V, 4 Mz Transmitter {USART/SCI) with 9-bit address
- 20 pA typical @ 3V, 32 kHz detection

- < 1A typical standby current

Parallel Slave Fort (PSP} 8-bits wide, with
external RD, WR and T3 conirols {40/44-pin aniy)
Brown-out dete ction circuitry for

Brown-out Reset (BOR)



PIC16F87X

PIC16F877 BLOCK DIAGRAM

=] , l Timarl

L Timerz l 10-kit A

L_

=

(¥

—19

75

Dakar [ E PROM

Nale 1;

CipP12

Synchienous
Setial Por|

’ USART

HIgher order bits are from the STATUS reglstar,

Device Program Data Memery | Data EEPROM
Flash
[ PIC1eFaTY 4K 152 Byles 128 Byles
T HK 268 Byles 265 Byles |
13 Dala Bus g PIRTA
FLASH Program Counter o
E{m;am
amory ;
8 |Lenel Stack ":':‘
(13-bit) Registers
Prograrn 1 )
Bus FAM Acidr 1) 9
Imsiruction reg Ad MUX
Direct Addr 7 g |f Indirect
= Addr
FSR teg
STATUS reg
n
Powar-up l
Timear -
Instrudtion Csallglor |
Decoda & Slart-up Timer
leml Power-on
Resal PORTD
Timng Walchdog
R cenermitn Timer
QSCHCLKIN Brown-out
O8C .JHCI KauT Resst A
LS
Low-Vollage
Progamming Parallel Sl Por) PORTE
MCIR  vdd, vss

RALANI
RATANT
RAQiAN2
RAZANZAMvel
RALITOCK]
RASIAN4SS

REDANT

RBs
RBARGE
RBrIAGL

REUTIGSOTICK)
RCUTIGSICOPZ
RC2iCePt
RCUSCKISCL
RCA/SDISIN,
RCsSDO
RCBMXCK
RCTRXDT

RIOAPSPTRONPSPY

REQMMsIRD
RE1TANGAYR
RE2IANTICS




PIC16F87X

PIC16F877/876 REGISTER FILE MAP

Files
Address
Indirect adedr. (1| o Indirect addr.? | agn Indirect addr. U} | 100K Indirect addr.™ | 1a0n
TNIRD 01h OPTICN _REG| 81h * TMRG 101h OPTION_REG| 1814
PCL 02h PCL a2h PCL 102h PCL 182h
STATUS 03h STATLIS A3k STATUS 103h STATUS 183h
FSR 04h FSR A4k FSR 104h FSR 1840
PORTHA 0&h TRISA a5h ‘ 105h 185h
PORTR 0Gh TRISE 8Gh PORTB 106h TRISB 1865h
PORTC 07h TRISC &7h | 107h ’ 187h
PORTD M | D8h TRISD ™ | gap T & 108h 3 188h
PORTE (0 | 09hn TRISE &9h 108h | 185
PCLATH 0Ah PCLATH &Ah PCLATH 104h PCLATH 184h
INTCON 0Bh INTCON 8&Bh INTCON 10Bh INTCON 188h
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18ChH
PIRZ 0Dh PIE2 &Dh EEADR 10Dh EECON2 180h
TRMRIL OEh PCON 8Eh EEDATH 10Eh Reserved® | 1agp
TMR1H OFh R -1 EEADRH 10Fh Reserved® | 1gFH
TICON 10h T gon 110h 1900
TMR2 11h SSPCONZ | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 1930
8SPCON 14h SSPSTAT 94h 114h 194k
CCPRTL 15h E S I5h 115h 195h
CCPR1H 16h SR T g 116h 186h
m < s S L S %) . v g g
GCPICON | 17h w7 arh Eﬁgﬁ?ﬂ' 117h glﬁ'rﬁ;aé 1971
TXREG 18h Sh 16 Bytes 118h 16 Bytes 190h
RCREG 1Ah 94h 11AR 1940
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch ICh 11Ch 19Ch
CCP2CON | 1Bh e 9Dh 11Dh 1900
ADRESH 1Eh ADRESL 9Eh 11Eh 19ER
ADCOND 1Fh ADCON1 9Fh 11Fh 19F N
20h ADh 120h 1A
General General Geaneral Ganeral
Purpose Purpose Purposs Purpcse
Register Register Register Register
96 Bytes 80 Bytes EFn 80 Bytes 16Fh 40 Byles 1EFh
acoesses Foh - acossses 170h acoesses 1RO
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh ————m | FFh 17Fh 1FFh
Bank ¢ Bank 1 Bank 2 Bank 3

W; Unimplemented datg memory locations, read as ‘o',
Mat a physical register,

Nole 1. These regislers are not implemented on 28-pin devices,
2 Thess ragisters arg reserved, maintain these registers clear,
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10.0  UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
1O modules. (USART is also known as a Serial Com-
munications [nterface or §CI). The USART can be con-
figured as a fuli duplex asynchronous system that can
communicate with reripheral devices suchas CRT ter-
minals and personal compuilers, orit can ba configured
as a half duplex synchronous system thal can commu-
nicale with paripheral devicas such as A/D or D/A inte-
grated circuits, Seral EEPROMs elc,

The USART can be configured in the fallowing modes;
« Asynchroncus iyl duplex)

* Synchroncus - Master (half duplex)

« Synchronous - Slave {halt duplex)

Bit SPEN (RCSTAx 7>}, and bits TRISC<7:6>, have t3
be setin order to configure pins RCETX/CK and RCT/
RX/DT as the Universal Synchronous Asynchronous
Receiver Transmitter.

The USART madule also has a multi-processor com-
munication capability using &-bit address detection,

FIGURE 10-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98hy

RAA-G RAM-0 RIVED  RAN-O -0

RAN-D

R-1 RAW-0

[ csre [ Tx¢ | Txen | syne | T

| BRGH | TRMT | TXSD |

R = Readable hit

hit7

bit 7 CSRCE: Clock Source Select bit

Asvnehronous mode

Don't cans

Synchronous mode

0 = Slave mode (Clock from external SOUrcs)

bit &: TX9: 2-bil Transmit Enable bit
1 = Selects 9-bit transmission
0= Selzcts 8-bit transmission
bit & TXEN: Transmit Enabile bit
1 = Transmit enabied
0 = Transmit disabled

bit 41 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3. Unimplemented: Read as'o'
bit BRGH: High Baud Rate Select bit
d1004 eCo {4
1 = High speed
0= Low speed
Synchronous mode
Unused in this mode
bit 1 TRMT: Transmit Shift Register Status hit

1 =TER empty
Lbﬂ G

ha

0=TSR full

TX30: 9ih bit of transmit data. Can be parity bit,

Lt [ W =Writable bit

U = Unimplemented bit,
readas 0

- N =Value at POR meset

1 = Master mode (Clock generated internally from BRG)

Nots: SREN/ICREN overrides TXEN in SYNC mode,
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10.1 USART Baud Rate Gehgrator (BRG) EXAMPLE 10.1; CALCULATING BAUD

The BRG sUpperts both the Asynchronous and Syn-
chronous modes of the USART. Itis a dedicated 8-bit
baud rate generator. The SFBRG register controls the
period of a free running 8-bit timer, In asynchronous
mode bil BRGH (TXSTA<2>) alsc controls the baug
rate. In SYNAhronous mode bit BRGH s ignorexd.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mods internal Clonky,

Given the desirad baud rate ang Fose, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Tabie 10-1. From this, the srror in
baud rate can be determined,
Examphz 10-1 shoavs the calculation of the aud rate
2ror for lhe fohllowing conditions:

FOSC = 16 MHz

Desired Baud Rate = 2600

BRGH = ¢
SYNC =0
TABLE 10-1 BAUD RATE FORMULA

SYNC BRGH = 0 {Low Speed)

RATE ERROR
Dhesirid Bl rate = Fong N {0y
MK I LT L Ny P
N = |25042] =25
Clatculated Rosg Fators Lot 00wy 5 b {25 5 £y
= Y61 s
e o= Sl 15t R L] Pood o
Eresrond Bad Rate
LIS - S0 ¢ ey

= {165,

It may foe advantageous o use the high bayg rate
(BRGH = 1) even lor slower baud clocks, This s
because the FOSCA16iX + 1)) equation can reduce the
baud rate emror in S0Me cases.

Writing a new value ta the SPBRG egisler, causes e
BRG limer to be feset {or cleared), this ensures the
BRG does not wait for a timer overflow before output-
ling the new baud rale.

1011 SAMPLING

Thez data on the RC7RX/DT pinis sampled three times
by a majority desteot dreuit to determine if a high or o
oy leve) js present at the RX pin,

BRGH = 1 {High Spoad)

R

(Asynchronous) Baud Rate = Fosci(s4(x+-1n Baud Rate= Foscay 16(X+ 133
(Synd“vmnous) Baud Rate = Foschdex +1)) NA
X =valuein SPERG (0 to 2585

TABLE 10-2 REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Valu:? on
Address Namae Bit 7 Bit & Bit & Bit 4 Bit 3 Bit 2 Bit 1 Bit o POR, S
N BOR other
resnts
D8h TXSTA ]csac[ TXS ['TXEN. SYNC | | BRGH TRMT | TXOD [ osae -o1g | so5e -orn
18h RCSTA | speN [ Rxg” ISREN, CREN*]-ADDENJI,\FERR» GERR | RXS0 | 0606 cooy | @060 acox
9%h SPBRG | Baud Rate Generator Register , DOAL GOwG , QDG anon

Legend: x = unknown, .= urimplemented read as ',

Shadex] cslis are Not used by the BRG.




11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital {(AD) converter module has five
inputs for the 28-pin devices, ang eight for the other
devices.

The analog input charges a sam ple and hold capacitor,
The output of the sample and hold capacitor is the input
inte the converter, The converter then generates a dig-
ital result of this anal og level via successive approxima.-
tion. This &D conversion, of the ana log input signal,
results in a Gorresponding 10-bit digital numiser,

The A/D convertsr has a unique featurs of being able
to operate while the devios is in SLEEP mode. To oper-
ats in sleep, the AD clock must be derives from the
AD's internal RC oscillator, '

FIGURE 11-1:

ADCOND REGISTER {ADDRESS: 1fh)

PIC16F87X

The A/D module has four
are:

* AD Resuylt High Register {ADRESH;

* AD Result Low Register (ADRESL)

» AJD Contro) Register( {ADCONG)

+ AD Controf Register TADCOMT)
The ADCOND register, shown in F igures 11-1, controls
the operation of the AD module. The ADCOM1 regis-
ter, shown in F igure 11-2, configures the functions of
the port pins, The Fort pins can be confj qured as ana-
loginputs (RA3 can alsobethe vollage reference) ar as
digitat /0,

registers, These registers

| ADON | [R =Readabie i

R0 RIW-0. RW-0 RW-0 RAwO RAN-0 U-0 RW-0
jﬁ:ncsﬂADcsol CHs2 | cHS1 | cHso |GODONE] —
bit7 bit0)

bit76: ADCS1 ADCSO: A/D Conversion Clock Select bits

Q0 = FOSC2
01 = FOSG8
10 =FOsci32

11 =FRC (clack derived from an RC osCiltation

CHS2:CHS¢: Analog Channe! Select bits
230 = channa! 0, IRAVANG)

Q0L = channg 1, (RA1/ANT)

010 = channel 2, (RAZ/ANZ)

011 = channeal 3, (RAZ/ANZ)

100 = channg 4, (RAS/AN4)

101 = channel 5, (REG/ANS)!)

110 = channel 6, (RE1/ANG)"

111 = channel 7, (RE2/aN7)(l)
GO/DUNE: A/D Conversion Status bit

I ADOM = 1

bit 5.3:

bit 2:

W = Writable bit

U =Unimplementsd bit,
read as ¢

- N =Valus at POR resel

1= AD canversion in progress (setling this bit starts the &0 comversio ny
0 = A/D conversion not in progress (This bit is automatically cleared by hardware when the A/D conver-

sionis complete)
Unimplementsd: Read as ‘¢

ADON: A'D On bt
1= A/D converter module is operating

bit 1:
bit 0:

0 = A/D converter madule is shutoff and consurmes no operating current
Note 1: These channels are not available on the 28-pin devices.
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TABLE 13-2 PIC16C XXX INSTRUCTION SET

Mnemanie, Description
Operands

Notas

Cycles 14-Bit Opcode , Status.
) LST[ Affacted

Er’TEORlENTED FILE REGISTER OPERATIONS

R R

ADDWF fid | AddWand f 88 0111 JEFF FEEF chez 1,
ANDWF fd | AND W owilh f a0 8101 dfFf fefr |7 1,
CLRF t Cloar{ a0 G031 YEEE O FEFF| 7 2
CLRW . Clearw Qg 9001 Oaxx xxux | Z
COMF f.d | Complement f b 1001 QEFE FeEsg | 2 1,2
DECF f,d | Decrementf ag 0Bl ZEEY fFEFF ) 7 1.2
DECFSZz f,d | Cocremant |, Skipif 0 a9 1013 dffy  fFeer 12,3
INCF Ld | Increment f el 1810 dEFE fEFF | 7 1,2
INCFS2 f,d | Increment f Skipif 0 b} 1311 dEFf  Friss 12,2
IORWF f.d | Inclusive OR'W with a0 Q00 gIff FEfF| 7 1,2
MOVF Ld | Movef a0 1000 JEEF FEfE | Z 1,2
MOVWE 1 Move W to ag U000 1EEE FEEF
NOP - Mo Operation a0 I0G0 Omxd 00go
RLF f,d | Rotate Lsftf through Carry ap 1101 dEfY free |0 1.2
RRF .2 | Rotate Right fthrough Carry an 1160 3EEF FEfE | O 1,2
SUBWF f,d | Subtract W from f 40 9010 dIff fiff [CDCZ 1.2
SWAPF t,d | Swap nibbles in a0 120 dEEF FEEF 1,2
XORWF fd | Exclusive ORW with f an 9110 SEFF EffF | 7 1.2
EIT-ORIENTED FILE REGISTER OPERATIONS j
BCF f.b | Bit Clearf 1 01 oobb bBEFF EFpf 1.2
BSF fib | Bit Sot f 1 Ol orhb bLEFF  fEFf 1.2
BTFSC f.b | BitTestf Skip if Clear 1(2) 01 obb hEFF  EEpf 3
BTFSS f,b | Bit Testf Skip if Set 1(2) Ol 1ilkb bEff fErf 3
MERAL AND CONTRGL OPERATIONS j
ADDLW k Add leraland W 1 Bl 111x kkkk Kkkk cDCZ
ANDLW k AND litoral with 1 111001 kkkk kkkk| 7
CALL k Call subroutine 2 10 okkk kkkk kkkk
CLRWODT - Clear Watchdog Timer 1 ¢8 0oeT 0130 giog T3 PO
GOTO Kk Go 10 address 2 L akkk  kkkk  kkkk
IORLW k Inclusive OR litaral with v 1 111000 kkkk kkkk| 7
MOVLW k Mova litaral to W 1 11 poxx kkkk Kikkk
RETFIE - Retum from intarrupt 2 G0 000 gmnn  1p0z
RETLW k Raetum with literal in W 2 11 oixm kkkk  kikk
RETURN - Rstum from Subrouting 2 U0 0000 00D 1gpog
SLEEP - Ga into standby made 1 o8 0000 o110 gnia| TOPD
sSUBLWY k Subtract W fram literal 1 PLO1M0% kkkR lokkh coCz
XCRLW k Exclusive OR litaral with v 1 11 1010 kkkk kkkk| 7
Nete 10 When an 110 registor is modified as g funclicr of itself { a.g., Mowr FoRTE, 1), the valua used will be that vaius prasant an
the pins themselves. For axample, if the data latch is 1’ for a pin configured as in put and is driven low by an external
devica, the data will be written back with a'0
2; If this instruction is execuled on the TH RO registar (and, whera applicable, d = 1), the prascaler will be claarad ifassigned
tathe Timer) Module,
3

W Program Counter (PC) is modified cr o conditional test is trug, the instruction requires two cycles. The second cycle is

axecuted as 3 NOP
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FEATURES

* Low-Sine Wave Distertion, 7.5%,, Typical

* Excellent Temperature Stability, 2Zppmeg, Ty
* Wide Sweep Range, 2000:1, Typical

* Low-Suppiy Sensiivity, D.01%V, Tyg.

* Linzar Ampliude Medulation

* T7. Compatble FSK Controis

v Wide Supply Range, 10V to 28v

® Adustable Duty Cyele, 1% TO go%,

XR-2206
Maonolithic
Function Generator

2

U 13573
APPLICATIONS

*  Waveform Generation

s Sweep Generation

AMFM Generation

°®

* WIF Conversion
* F3K Seneration

® Fhase-Locked Loops (NCO)

GENERAL DESCRIPTION

The XR.2208 is 3 monolithic  funcicn generator
intagrated cirgui; cagable of Producing high Qualy sine,
$qusre. iwnangle, ramp, and pulse wavefoems of
high-stability and accuracy. The cutput waveborms can be
bt~ anplitude ang frequency modulated by an external
voltage, Freguency of operaton can be sefected
extemally over a range of 0.01Hz to more han 1Mz,

The crouit s wealy swited for COMMUMEILons,
instrumeniation. andg function generator applicasions
requiring sinusoidal torie, AM, FM, or FSK generation. i
has atypical drift specification of 20ppm™C. The ascillator
frequency can be linearly swept over 3 2000: ¢ frequency
range with an external contrg| veitage, whike maintaming
low distoriion,

AMSE [i]e E SYMAZ
570 [z 15| SYMAT
Mo [5] a] weavean
vee [2 3] WavEA1
TC1 [E] 2] GND
TC2 [5] 1] synco
TR1 [T ie] Bias
™2 [ 5] Fski

16 Lead PDIP, CDIP {0.300")

AMS] SYMAD
STO SYMAT
MO WAVEAZ
Voo WAVEA
TC1 GND
TC2 SYNCO
TR1 BIAS
TRD FSKI

16 Lead SOIC (Jedec, 0.300%)
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DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vcc = 12v, Ta=25°C, C = 0.01uF, Ry = 100k, Rz =10k, Ry = 25k
JInless Otherwise Specified. Sqopenfor triangle, closed for sine wave.

 XR2Z06MP XR-2206CP1D
Parameters Min, , Typ. l Max. | Min. , Typ. , Max. | Units |Conditions
General Characteristics
Single Supply YVoltage 10 26 10 26 W
Soiit-Supply Voltage *5 *13 =5 =13 Y
Supply Current 12 17 14 it mé, R1 Z 10k
Oscillator Section }
lAax. Operatmency 0.5 1 0.5 1 MHz [C= 1000pF, Ry = koY
Lowest Prachcal Frequency 0.01 0.01 Hz C =S50pF, Ry=2MD
Fregquency Accuracy +1 14 2 % offy |fy= 1R4C
Temperature Stability +10 +50 »20 PPMIPC |0°C < Ty = 70°C
Frequency Ry = Ra =20k
©re Wave Amplitude Stability? 4800 4800 ppmiC
Supply Sensitivity 0.0 0.1 0.01 BNV ow = 10V, Vign = 2oy,
_ Ry=Ro= 20k
Sweep Range 1008:1 1 2000:1 2008:1 W=l @R =140
: L@ Ry = 2M0

Sweep Linearity

10:1 Sweep 2 2 % = 1kHz, #; = 10kHz

1000:1 Sweep 3 % fL = 100Hz, fy = 1C0kHz

M Distortion 0.1 R 0.1 % *10% Deviation
Recommended Timing Components

Timing Capacitor. 0.004 100 0.001 100 uF Figure 5

Timing Resistors: Ri&R, 1 2000 1 2000 K2
Triangle Sine Wave Qutput? . Figure 3

Trangie Ampltude 160 160 MWK | Figure 2, 5, Cpen

Sine Wave Amplitude 40 60 30 80 WAL | Figure 2, 5¢ Closed

Max. Qutput Swing [+ [ Vpp

Output Impedance 500 600 Q

Trangie Linearity 1 1 %

Amplitude Stability 0.5 0.5 as For 1060:1 Sweep
$ine Wave Distortion

Without Adjustment 25 25 %  |Ri=30h0

YWith Adjustment 0.4 1.0 a.s 1.5 % See Figure 7 ang Figure §
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-ZZQGV”

XR-2206M/p XR-2206CPiD
Parameters Min. | Typ. | Max. | min, | Tvp. | Max. | Units Conditions
Amplitude Modulation
Inzut impedance SO 100 50 100 ke
Modulation Range 100 100 %
Carrier Suppression 55 55 B
Linearity 2 2 S For 85% modulation
Square-Wave Qutput
Amplitude 12 12 Vi-p  |easured at Pin 1.
Rise Time 250 250 ng CL = 10pF
Fall Time 50 S0 ns CL =10pF
Saturation Voltage g.2 0.4 0.2 0.8 IL=2m&
Lezakage Current 0.1 20 Q.1 100 wi Voo = 28V
F3 Keying Level {Fin 8} 0.3 1.4 2.4 3.8 & 24 Y See section on tircyit controls
Reference Bypass Voitage 2.8 31 3.3 2.5 3 35 ) Measured at Pin 10,

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation;

The frequency of oscillation, T, is determined by the
external timing capacitor, C, across Pin 5 and 8, and by
the timing resistor, R, connected to sither PinY ar8. The
frequency is given as:

ard can be adjusted by varying either R or C. The
fecimmended values of R, for a given frequency fange,
33 shown in Figure 5. Temperature stability is optimum
for 2k < R < 200k0. Recommended values OfC are from
1O00pF to 100uF.

Frequency.-Shift Keying

The XR-2206 can he Operated with two separate fiming
resistors, Ry and Ry, connected to the timing Pin 7 ang 8,
fespectively, as shown in Figure 13, Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 5 s
open-circuited or connected to a bias voltage 22V only
Ry Is activated, Similarly, if the voltage level ai Pin § is
<1V, onlyR-is activateq. Thus, the outputfrequancy can
be keyed between two levals, frandf,, as:

fi=1RCandfr= WRC

For split-supply Operation, the keying
referencad fo V-

VOlage atPin 9 s



&Nﬂtional Semiconductor

LM565/LM565¢C
Phase Locked Loop

General Description

The LIM565 ang EM3BEC are general purpose phase ocked
locos con l3ining 3 stable. highly linear voltage controlled os-
cillator for low distortien Fd demodulation, and a double bai-
anced phase detector with good carrier suppression. The
VCO ‘reguency is set with an external resistor and capaciior,
SN< 3 Wning range of 10:1 can be obiained with the same
capacitor.  The characteristics of the ciosed loog
Systery — bandwidth, response speed, capiure and pull in
fINg ¢ — may be adjusied ver s wide range with an exterms’
resisto- and capasitor, The loop may be broken between the
YCO and the phase detector for insertion of 5 digital fre-
quency divider 1o obtain frequency multiplication,

The LMS85H is specified for operation owver the ~55'C io
+325°C military temperature fange. The LMSB5CH is Speci-
Fed for operation cwer the 0°C to +70°C bémpera:ure-range.

Features

" 200 ppmi*C frequiency stability of the VOO

® Pover supply range of £5 to 212 volis with Y00 ppmis,
WA

hmy =]

w 0.2% linearity of demodulated oupuL

™ Linear trangle wave with in phase zers Crossings
available

® TTL ane OTL sompatble phase detecior ingut and
Square wave cutpu

W Adjustable hoid in range from £ 1% %o > %803,

Applications

® Data and tape syncnronization
o Modems

¥ F3K demoduizton

" FM demedulasion

» Frequency symthesizer

® Tone decoding

» Frequency muitiplication and division
® SCA demodulators

® Teiemelry receivers

™ Signal regeneration

W Coherent demodulators

Connection Diagrams

Metai Can Package

W

TIMENG

° CAPACITOR
v c"a} o TOMENG

BESISTOR

YLD CONTROL
YOLTAGE

REFEREMCE
BUTEUT

PHASE COMPARATO I
VEQ snpuyY

R i ERS ]

Order Numbier LM565H
See NS Package Number H19C

Dual-in-Line Packaye

1§

Vo md [ T 7
T [' ma.ssj et
IRPUT ﬂ.!fl?" SLA
. . .
INPUT et —-i—xsc
veg 44 11
GUTPEY T [ NL

PHASE COMPRRATGR &
VEO IneiT

REFERENCE B 1 Visdene;
B EPpEy ‘"*1 T ERPALTE O#
VOO COMTROEL T B TiMikG
VOLTHGE "‘L " HESISTOH
DSTERY. )

Crder Number LMS65CN
Sea NS Packape Number Nt 44



Absolute Maximum Ratings ot 1

It Wilitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Diswributors for availability and specifications.

Operating Temperature Range
LizasH
LMSBECN

Storage Temperatore Range

-56°C 1o +128°C
0'C to -G
~35°C to +150°0

Supp v Voltage 1Y Lead Temperature v .
Soldering, 10 sec. 2887
Power Dissipation (Nete 2) 1400 mw relenng, 10 sec N
Differential Input Voltage E34
Electrical Characteristics
AC Tes Cirouit, T, = 28°C, Voo = 28y
P ‘ Canditio LM5635 LMSESC Units
arameter anditions Min | Typ | Max | Him Typ T WMo ni
Fower 3.oply Current 8a 125 8.0 125 mA
Inzut iirpedance [Ping 2. 3) -4V LYo Y, < oy ¥ 10 5 ki
! e i = 9
VEC Maxmum Cperating 2= 2.7 pF 3cc | soo 250 | sog kHz
Frequency
VCO Free-Running Frequency Co=15nF
Ry =20 k02 -1 ] +10 | -38 o +30 Yo
'« = 10 kHz
Opersting Frequency _ - "
Temperature Coefficient L 200 ppr/C
£ auency Dk with 01 | 1o 02 | 1s o
Suppy Vollage
Trangle Wave Qutput Voltage 2 24 3 2 2 2 Yog
Trangle Wave Quiput Linearity 0.2 5 %
Squars Wave Output Level 47 54 4.7 5.4 Veg
Cutput Impedance {Pin 4) 5 5 k3
Squarz Wave Duty Cycle 45 i 58 40 50 60 %
Squars Wave Rise Time ] 20 ns
Squars Wave Fall Time 58 50 ns
Qutput Current Sink (Pin 4} 0.8 1 0.8 1 ma
VCO Sensitivity fo = 10 kHz 8860 G800 Hz
Yemiczulay wpul g 0% wiati
:'-Pti:nf': lated Output Voltage *10% Frequency Deviation 30 | s00 40 | 200 | 300 450 mv,,
Total Harmonic Distortion +30% Fraquency Deviation 02 0.75 D2 1.5 “
Output Impedance {Pir: 7} 5.8 3.5 kid
DC Level {Pin 1 425 4.5 475 | 40 45 50 WV
tput Of ol
St' fuif set Voliage w | wo s | 2o iy
Tempzratire Dl of We =Wl 500 500 peeg
AN Rz metion 3n 40 40 da
Phase Cetecior Sensitivity K, o.68 0.88 Viradian

Mols ¥ Absoicse Waxier um Rstings Mdicae {ieits Beyony which.damage i the device TRy OLLUL Drrsrsting Ralings ingicans conditions Ry wisich the device s fume-

Hanai oo oo gt

speciic,

ce Smits. Electics! Characieristics stake 0T ane AC slactricai specHostions under padicutar teet conddans swhich guar

aries peiic peorman:e Imhts, This agsumes s ihe device 5 wthin e Operating Ratrgs. 2pechications are not Guranteed for parameters where no it g

GIvEn. Fowwever, the Liplca waive 5 3 o0d Ngicyiion of tevice verkymance.
Mote 2; "ne Junction 4

of the LMEES amd LMESSC i3 +3E04C, For o e b

in e TO-E package must pe

5,
deraied baysed an & themmi TEststarce of «1S0'C/W Binctan o ambiant or ~3510AN function t cyse. Thermai resiszance of tve dughin-ins FOCKEDS 15 88 S0m .



Applications Information

In desgning wah phase locked Iops such as the LM5E3, the
IMpontant parameters of inmterest are:

FREZ RUNNING FREQUENCY

0.3

f, s
5 -
.FZ\,,C‘:,

LOOP GAIN: retates the amount of phase change betwesn

the Inzut signal and the VCO signal for 2 shift in input signaf
frequency {assuming the loop remains in fock). In servo
theory, this is called the “velocity error coefficient ”
w00 gain = K Ky,
-O00 gain = oD ;‘;‘E
Xy = oscillatar sansitivity (*—-—-—-—-—-——md‘tg:{”c)

Com eoer f wolts

*o % phase delecior sensilivily (m)
The loop gain of the LMESS is dependent on supply veltage,
and may be found from:

33.8 f,
Ky R T
¢
fo = VCO frequency in Hz
Ve = 1013l Supply voltage to circui
Loor gain may be reduced by connectng a resistor beiween
pins 2 ang 7- this reduces. the load mpedance on the SpGt
amplifer and hence the leop gain.
HOLD IN RANGE: the range of frequencies that the loop will
FEITAN 0 ook after initially being lockes,
ar,
by & —=
<

fo= free ruaning frequiency of VOO
V= total supply voitage to the circuil

THE LOQP FILTER

In amess all appications, it will be desirable to fiter tha sig-
nal at the output of the phase detector ipwn T); this filter may
take ce of two forms:

Simple Lead Filter

Wee

Bk = 308

LMsEs
CGIFNEEL- 1%

Lag-Lead Filter

Wy

COAWTESS 12

A simple fag filter may be used for wide closed loop band-
width applications sych 3s modulation following where the
frequency deviation of the carrier is fairyy high {greater than
10%), or where widebans modulating signais must be fo-
lowed

The natural bandwicth of the cioseg loep response may be
found from:

P !J W.{‘Kﬁ
"I Y R

Associated with this is & damping fastor

P

[ 1

PV RERR
For narrow bang applications where 3 RITOW noise bang-
width is desired. syck as appications inveiving racking a
slowly varying carrier. z lead lag fiter shoyld ke used. In gen-
eral, ¥ /R, S, < Kg K, the damping facer for the ‘oop be-
comes quite smalf re uling in large overshoot and possibiz

Wy iR e R

R is selected 1o produce & desired camping factor 3, usuaily
betiveen 0.3 and 1.0. The damping factor is foung from the
apgroximation:

G2 1 1af,
These twe equations are plotted for convenience.

Fiiter Time Constant vs HNaturak Frequency

"
P 1Ko Ky HH -
es)
s m i
= : 10 P SEE
E n LY l“lI
1T TR0
1w
H
! 10 ]
19 LN N 1
LU AT ST 0¥ 1 10
ARASRC ]

LEnaras. 13



APPENDIX 3

LISTS OF IC

IC NUMBER IC NAME
IC1 IC 7805
IC2 LM2931AZ-5.0
IC3 PICI6F877
IC4 MAX232
ICS XOR GATE
IC6 XR2206
IC7 NES65




