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SYNOPSIS

S
Computers, the miraculous machines, have bright future
for the decades to come. To increase their power and
intelligence, they should have proper channels to communicate
between them and the world. The communication of computer &are

gsure to ghrink the world to its gmallest extent.

Our project PERSONAL COMPUTER COMMUNICATION THROUGH A&.C.
POWER LINES is one way of giving the computer an effective

communicating power.

The Basis of carrier current communication is the
transmission and reception of a carrier, modulated by data
over the A.C lines. The carrier current chip utilises FSK
modulation not only for its excelent impulse noise rejection
but also for the gimplicity of impleﬁentation in both the

transmitter and receiver gections.

The carrier current communication of computers has its
own versatility for their higher communication powsr with low
cost. Due *to complexity and noise interference it is not

normally implied for their greater advantages.

We have succeeded in doing this PC communication through

AC power lines, with higher accuracy and legs complexity.



With good future developments our system might have

greater impact in the forth coming years of our country.

A good software support is also with our project for
making this more effective. It is certain that our project PC

a lighting

communication through AC power lines will gain

attraction with future expansion.



CHAPTER 1

———————

INTRODUCTION

Everywhere around us information ig being exchanged
between two or more points. Several methods are commonly uged
to convey this information, including optical, RF, ultrasonic
and hardwired 1inks. Anyone who has made use of one of these
techniques will certainly remember its limitations - optical
1inks operate only by line of sight, RF links are restricted
by numerous regulations, ultrosonic l1inks are interrupted bV
walls, and hardwired links require the costly
installation of signal-carrying lines. Another alternative, &
close relative of the harwired link, ig carrier current

communication the exchange of data via pre—existing AC lines.

The AC 1line makes a great data 1ink. No after market
installation is required most buildings are already wired.
The link can be established anywhere there is an AC socket by
simply plugging in a line cord cne fhen wonderg why guch a
wounderfullcbmmunication 1ink is sgeldom used? The answer lies
in the basis of the link itself : The AC line centains  not

only 230V RIS of unwanted signal, but also kilo-veclt spikes,



both of which present fundamental desgign challenges f0OF
.carrier current circuits. Meeting these ~hallenges
necessarily leads to complex and costly discrete circuit
designs. The concept of a carrier cufrent 1ink should not be
abandoned, however, as a recently introduced integrated
circuit now of fers the solution for carrier current links.
This new carrier current tranceiver IC formg the heart

of a sophisticated gingle-chip half duplex AC line link.
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CHAPTER 2

SYSTEM DESCRIPTION

THE AC POUWER LINE:

e

The noise on the line can be joosely put into LWO
categories: borad band and impulse. Broad-band noise CoOme
from many sources, with universal motors being one notorious
example. The level varies from a few TO hundreds of
millivolts. Impulse noise also varies widely in &
level ranging from millivolts to tens of volts and sometimes
much more. The impulses are more often than not sychronized
to the power line frequency and ring with the natural
frequency of the line (another widely varying parameter).
The prime culprits here are switching *thyristers. In
general, noise is worst in factories, moderate in offices,

and least in private dwellings.

The impedance of the line is likewise ill~-defined. It
may be resistive, inductive or capacitive. Above H50KHz, the

impedance rises to a sufficiently high value to be driven as

a load (at low frequencies, it approximates a voltage
source). Frequencies below 50KHz also have ccngiderable
difficulty - capacitively coupling across the windings of

nover digtribution transformer. This is some times an asset,



put often @& curase. Frequencies apove 300 KHz gxparience
greater attenuation due to the distclbuted LC nature of power
cabling and are more adversely affected by capacitive loads
in the form of line bypass capacitors that are finding

increasging use in an RFI.

For the reasons stated, a range of operation that
encompasses 50 - 300 KHz was deemed adquate for most
applications. At 125 KHz in an office environment, an

impedance of (5+310) Q@ might be congidered typical.
Impedances in home wiring may be over 50 Q, while factory
impedances may be less than 1 Q. Line bypass capacitors
of 1 uf or more will ghort the carrier in most enviorments
unless jsolated with chokes or driven with several watts of

carrier power.

Line attenuation igs very difficult to estimate because it
is extremely load dependent. A high power load can
significantly reduce the impedance of the line at the point
of conneétion»and thus dominate attenuation for all points of
communication that occur beyond the of fending load unless
that load is isolated with chokes. Capacitive loads can be
equally troublesome and are not necessarily with high
power loads. Care must be taken to ensure that once 2
carrier current command is passed to turn on such 2 low

impedance load, the command to turn it back off again will



\

likewise be received. Another large component of the

attenuation can be the aignal loss incurred

net

coupling across the multiple windings of 2 power distributiocn

trangformer. This alone can amount to 20 to 40

dbB,

depending upon the carrier frequency and trangformer

construction. External capacitors are effective in bridging

signals across windings in areas where this is desired.

power cabling itgelf has little opportunity to behave like

trangmission line at such low frequecies, although

The

a

the

distributed LC 1losses can become gignificant for long

runs. In extreme cages of attenuation, frequency
translating repeaters can be used to boost signal levels

brute force signal power can be exployed.

2.2 THE CHIP ARCHITECTURE :

The chip architecture is shown in fig 1 . The

blocks and its functions are given below,

2.21 MODULATOR :

Modulator modulates the data signal with high

or

important

frequency

carrier signal. This process is called modulation. HEere the

trangmitter utilizes the modulator which uses FSK modulation.

The modulator must generate three currents representing

low, F high and F centre.

F



2.22 THE CURRENT CONTROLLED OSCILLATOR :

Vel s e e ——— —™
______——_._———____._———-—

The ICO is ghared by the RX and TX modes and thus runs
contlnuously. 1t has two wide band, 1jow TC, and linearly
controllable for analog gignals. its output must be 2a square
wave to drive PLL and good quality triangle wave to drive

the sine shaper.

2.23 THE SINE SHAPER :

The output of the sine shaper drives the Automatic Level
Controller (ALC). The triangle wave is first attenuated to
the optimum amplitude and then uged to switch a differential
pair degenerated at the optimum level. The tuned output
trangformer reduces the distortion 1o typically beiow 0.1

percent before it is fed to the line.

2.24 OUTRUT AMPLIFIER :

The constraints imposed by the power line interface were
felt most severly by the output stage; These constraints,

coupled with geveral other circuit requirements meant that

the output stage had to meet the following formidable 1ist of

criteria,

1. Ability to withstand and protect the whole chip from

HWiah energyv line transient.



2. High current gain equal to 200.

3. Gain pboostable with external device to greater than

2000.

4. Sufficient gain~bandwldth product to pass & large

aignal at 300 KHz
5. Ability to be easily put into a high impedance astate.
6. Ability to withgtand an indefinite ghort circuit.

7. Ability *to maintain waveform purity with 1loads that

range from near ashorts to near open circuits.

8. Ability to maintain cloged-loop gtability for any valiue

of complex load impedance.

9. Ability to swing to nearly twice the supply voltage.

10. Ability to tolerate large supply ripple.

2.25 THE LIMITER :

The limiter provides some needed amplification (33dB) for
the PLL. i1t also removes some amplitude noise, ag well as
band 1limiting the input to lie between 50 and 300 KHz. The
signal from the line passes through the tuned transformer

where it is gstepped up and filtered of extraneous s8ignals,

noise and 50 Hz.



The importance of the rejection of the 50 Hz 1ine voltagse
and 120 Hz supply ripple should not be underestimated, To
acheieve 1 mv sensitivity, 50 Hz must be rejectec DbV at
least 107 dB and 120 Hz by at least 63 dB. The high pass
characteristics at the input to the transformer, the tuned
tank itself, the balance of the input atage and the
frequency éelective f eedback amplifier all conmbine €O

acheieve these nunbers.

2.26 PHASE LOCKED LOOP :

The PLL is essentiallly a fregquency feedback system
comprising a phase comparator, a low pass filter, an error
amplifier in the forward signal path and a voltage controlled
oscillator (VCO) in the feedback path. The operation of the

PLL as follows,

When there is no input signal to the PLL, error voltage

is zero. The VCO operates at a set frequency fo which
ia known as the free running frequency. 1f an input signal
(fs ) is applied to the PLL, the phase comparator compares
the phase and frequency of the input signal with the vCoO
frequency and generates an error voltage Ve(t) that is
related to the phase and the frequency difference between

the two signals. The Ve(t) is then filtered,

e 1ified and applied as input to the VCO. The effect of



va(t) ig to force the VCO frequency to vary in @& direction
that reduces the frequency difference between the vCco output
and the input signal. 1¢ fs is sufficiently close to fo

the f eedback nature of the PLL causes the VCO to synchronize

with the incoming signal. Once synchronized, fo is
identical to fs , except for a finite phase
difference e - This i8 necessary toO generate the

corrective error voltage vd to shift the VCO frequency
from its free running value of fs , thereby maintaining the

PLL in lock.

2.27 THE OFFSET CANCEL CIRCUIT :

___.———-_.._-—____.—————- e ————

Due to the high gain in the gignal path, some provision
has to Dbe made for cancelling of fset voltage prior to
accurate data alicing in the comparator. Straight forward
capacitive coupling will elimlnate offaet, but hag a iower
frequency 1imit problem (1f the capacitor i; gized small
enough for rapid changing in a TX to RX switch over) and will

charge to the net dc value of the data, thusg

restricting users to keeping the signal duty cycle near 50

percent.

DC feedback loops algso cannot separate dc inherent in the
data from dc offset. The offset cancelling circuit will

eliminate dc offsets from the data path without responding to

s +ta data stream



itself. Strings of 100 ones Or zeros

accommmodated and the setup time for

awitching from TX to RX is only two pit times.

2.28 THE TINE DOMAIN FILTER :

______——_—-—-__.———

Impulse noise creates gsevere problems for carrier current
systems. Fortunately, the impulses do not gsually last very
long provided no tuned circuits in the system can store
substantial energy. BY keeping data rates low (less than 1K
baud 1is recommended), the noise pulses will usually ba
significantly ahorter than data pulses. This means a filter
that discriminates against noise based upon its time duration

rather than ita frequency gpectrum can be quite ugseful.

The time domain filter uysed here is very simple, yet very
effective in removing impulse noise. The external capacitor
it uses can be gselected tO get the time cut off; +he minimum

pulse width that the filter allow to pass.

TYPICAL PERFORMANCE :

GENERAL

Supply voltage

Programmable carrier frequency FO..onvvmmrons 50 to 300 KHZ

Aacrillator TC of FO . oo oimmeemmm s m im0 + 100 ppm / °C



FSK evtation «nnn e + 2.5%
Qutput ppent e 60mA PP
Output Voltage(line g=10R) e e T 4.0V p—-P
Qutput voltage distortion(Q=10tank) ............. 0.1%
Power output (Line g=d0R) oot 200my
RX to TR Switch over R 40ps
Supply Cappent e e e e 38mA
RECEIVER
Sensitivity .................................... 1mV rme
ia pateneaeieerenee 0 to 4¥ Baud
TX to RX switch over B 2 baits
Supply Cappent e e e e 13 mA

For Pin Details of LM 189

2.4 FEATURES OF LM 1893 C

3 TRANSCEIVER IC Refer APPEND

.
-

__—-_.—_,___——-._—-——-

* Noise resistant FSK modulation.

*x User selected impulse noise filtering.

* Up to 4.8 Kbaud d

ata transmission rate.

*x  Strings of 0's and 1's in data allowed.

* Sinsoidal l1ine dr

o e €

ijve for low RFI.

1 boosted 10-fold.

I¥ 1t



*

*

x

*

50 to 300 KHZ carrier frequency choice.

TTL and 1MOS compatible digital levels.

Regulated voltage to power logic-

prives all conventional power lines.
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CIRCUIT DBSCRIPTION

3.1 INTRODUCTION;—

et =g

Each line interface requires one chip along with &
handful of inexpensive pagsive components. A simple
unregulated supply with up to 2V p-p of ripple can pe used.
Three logic compatible ports DATA IN, DATA OUT and TX/RX
SELECT, interface to the digital circultry, while the fourth
1ine from the 5.6 V Zener diode can be puf fered with an n.p-n

emitter follower and used tO power the digital circuitary.

When in the transmit mode, the incoming serial data
stream switches the modulator which drives the low TC current
controlled osicllator (ICO) to produce 2 triangle wave with a
+2.5 percent frequency deviation. The triangle wave ig then
attenuated and fed to & gine shaper which delivers s current
ginusoid through an automatic level control (ALC) circuit to
the power current amplifier. The tuned trangformer converts
the 60mA P~P current ginusoid to & voltage that depends upon
1ine impedance steps the voltage down, and then drives the
line through a coupling capacitor. Should line impedance b
high, the ALC circuit diverts signal current awvay from th

output amplifier to maintain waveform purity by preventin

gsaturation of the amplifier.



in the receive mode, the DATA IN PORT is=s inhibited, the
transmitter output is put into a high impédance state and the
1CO is set to run at the carrier center frenceny. The
coupling capacitor and tuned transformer pass the desired
signal while attenuating 50 Hz to a large degree and
filtering out some noise. A rugged Norton—-input limiter
amplifier further attenuates 50 Hz and certain noise
components before passing the signal to the PLL detector. The
demodulated output from the second order loop passged through
a three stage differential low pass filter and on the offset
cancelling circuit. After Vos has been removed, the data are
then accurately separated into ones and zeros (sliced) by one
comparator. At this point, the data often still riddled with
impulse noise, pass through a tlme‘ domain filter ©before

driving the open-collector output stage.

3.2 HOU TO USE THE LM 1893 TRANSCEIVER :-

3.21 PURPOSE :-—

The purpose of this kit is to provide the degigner with a
complete LM 1893 ¢ircuit which can be easily adapted to an
existing digital system for evaluation. To this end the
enclogsed printed circuit board has been designed to be as
compact as possible. All of the special components required
for operation are included in this Kkit. The assembled board

reaguire an 18V, 100ma power supply, 3 connecticn to the



apsociated digital circuitry. and two connections to  Tne

power line.

Pl

3.22 PRECAUTIONS :-

The power line is a potential gource for diaster, and
several precautions are recommended : First, a line cord with
a polarlzed plug must be used. Neutral (N) ig to be connected
to the coil gide of the input and live (L) to the 220nF line
coupling capacitor. The capacitor must have a preakdown
rating of at leagt 1.5 times the RMS line voltage. Failure to

use a capacitor with adequate voltage rating will result in &

shock and fire hazard. In addition, capacitors ot fower
voltage ratings may explode when connected to the line. When
the power line portion of the board hag been assembled 1T is

wise to place a strip of PVC electrical tape over the copper
side to reduce the chance of an accidental short circuit. Two
small mounting holes have been included and should be used to

sacure the pbpoard (copper alde down) to a solid surface.

Energy at the power line frequency ja greatly attenuated
by the input coupling network. Lafge energy surges can gtill
occur at or near the band pass frequency of this network.
While the LN 1893 is designed to absorb a 30U puise, much
higher powver levels are often experienced. To handle these

PN c W al -5 ~ §

a2 600w or larger trangient absorbing Zener diode



and 5.1 R resistor are connected to the chip side of tns
coupling network, and the Zener diode is included in this

kit.

3.23 TUNING

This kit is intended to operate at a carrier freguency of

125 KHz and a data rate of 360 baud. Before the poards are

ysed this tuning procedure must be followed,

1. Attach a frequency counter to the prongs of the power cord.

Note that the power cord must NOT be plugged into the line

2. Temporarily tie pins 5 and 17 to pin 15.

3. Connect an 18V power supply and ad just the trim pot for

indicated frequency of 122.25KHz.

4. Remove the power supply and the connections made in
step 2. the input coupling network tuning is affected
by the impedance of the power line. Therefore, tuning
must be adjusted with the power cord connected to
the 1line, or to an impedance simulation network. 1f
one power line is involved, extreme caution must be
exercised during this procedure.

5. Temporarily connect pind to pinlhs (v+)

6 . Temporarily connect a 390 Q registor from pin Bt to 15,

T e i e oI 1O

o



7. Input a data stream (360 baud) or 5V square wavae {180

Hz) to pinl7.

8. Connect an 18V power supply.-
9. Plug power cord into line and adjust T1 foo equal
amplitude gignal envelopes as carrier follows

modulation.

10. Disconnect power cord from line.
11. Disconnect supply, signal, 390 Q resistor and pin b
jumper.

The LM 1893 has been disigned with digital interface imn
mind. The digital input (pinl7) and the transmit/receiver
switeh (pind) are designed to accept all atandard 5V iogic
levels. The digital output (pinl2) is an open collector.
Holeg are provided on the board to optionally pull this pin
up to 5.6V. Iin this ingtance, Rz must be sized accordingly to

carry the current of pin 12.

3.24 LINE COUPLING TRANSFORMER :

Essential to the transformer is its loaded Q. Loaded ig
a function of frequency, parallel load resgsistance, and
inductance. The coil supplied has a primary inductancs o©Of
49pH and gives a loaded Q of approximately 10 at 125 KHz. A

tapped secondary provides matching into 2.5, 5 and 10 5

L T A



3.25 LINE COUPLING CAPACITOR :-

——

Since this component is connected toO the power line, itTs
breakdown voltage rating ijg important. The part supplied is

rated at 400V and is adequate for up to 250V power lines.

3.26 COUPLING COIL:~-

The coupling coil plays an important role in transmitting
and receiving gsignals on the A.C line. To fully understand
the degsign of this coil, one must consider the
characteristics of the A.C line. Generally the A.C.line,
measured at a frequency of 100 KHz, can be modelied as a
regsigtor and an inductor connected in series. Typical iine

parameters are shown in fig (43

The inductance parameter varies widely regardless of
environment, resistance shows a much stronger dependence.
Industrial enviornments present a registance of 2 to 5@ and
residential environments shows a resistance of 5 =o 30Q.

Impedance also varies with changes in the loading of the AC

line.

With such unpredictable line impedance, coupling the
output amplifier ig difficult. The coupling will couples

sienal to one line via a step down secondary.



Uhen operating in receive mode, the coupling line

performs geveral important functions. These include

1. 50H=z Rejection
2. Signal Bandpassing

3. Ohnic jsolation from the AC line.

In addition the coupling coil is connected in gsuch a way

so as to step up the received aignal by a factor of the Turns

ratio.
The general electrical characterisics, transmitter
electrical characterisics and receiver slectrical

characterisics are shown appendix 1%

Operating wave formg of a line synchronized tranceiver
pair are ahown. The diagram shown how the transmitted data
transitions may be used as received data sampling points. The

wave forms are shown in fig (3)
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POWER LINE

TXR DATA IN

e e e e e

RXR DATAOUT

RAR, PIN 13

OPERATING WAVE FORWMGS.

FiGg.3.
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CHAPTER q

S
DESIGN
E——
The circuit consists of the following components
¢ LR ,C ,R ,C ,C , T ,C ,R ,C ,C ,C , R R IR
0 0 F Cc Q 1 A A L v 1 C 7 T
R , R ,Q , R and C - The design is carried out
T B B B
by referring APPENDIX 2.
f all the components for Vr T 18v
1ine

jcal value ©
o3 230V 50Hz power

Fo = 125 KHz, 3 = 360 paud usin
DA

are given below,

4.1 Co and Ro

Co :
purpose Together, Co and RO set 1CO Fo.
Ssmaller increases Fo
Larger Decreases Fo
Recommended Value 560 pF
RO @
Purpose Togetherl, Co and Ro set 1¢C Fe
Smaller increases Fo
Larger Decreases Fo

6.2 KOhm

« T~Aluto



F
c .
¥
Purpose PLL Loop Filter pole.
Smaller Less noise immune,higher B ,
DATA
more PLL stability
Larger More noise immune,lower ¥ .
DATA
jess PLL gtability
Recommended Value 0.047 uF
R
F
Purpose PLL Loop Filter 2zero
Smaller PLL less stable,allous 1ess C .
i
Leas ringing.
Larger PLL more stable,allows more <
More ringing- ’
Recommended Value 3.3 KOhm
4.3 Cc

Cc

Couple Fo to line, ce and T

Purpose
low—pass attenuates 50 Hz.

Low TX 1line amplituda. eas 50

Smaller
. wrarad charge

T o a .



prives Lower

Larger
current. More atored ch
Recommended Value 0.22 pF
Purpose Tank matches 1ine Z, bandpasgs
filters, jgsolates from Lline and
attenuates transients
Smaller Tank Fo 4P or increasé L cf TL for
constant Fo Smaller L. Higher Fo
or increase Cc; decreased Fo
line pull
Larger Tank Fo down ©OF decrease 1. of Tt
for constant Fo Larger L Lower
Fo oFf decrease Ccs increased
line pull
Recommended Value 0.033 uF

4.4 C and T ¢
1

Tank matches 1ine 2 bandpass
filters, isolates from 1ine an

attenuates transients

~26-



Tank Fo up or increase L of T Lo

Smaller :
constant Fo Smaller L:

vy
o

Higher

decreased Fo tine

or increase Ccs

pull

=
>

Tank FoO down OF decrease i, of

Lower Fo

Larger
for constant Fo Larger L:
or decrease Ces increased Fo 1line
pull
Recommended Value 0.033 pF
Purpose Tank matches line 2. randpass
filters, isolates from Lline and
attenuates transients
Smaller Tank Fo up or increase L of T1 for
constant Fo Smaller L: Higher Fo or
increase Cec; decreased Fo 1ine pull
Larger ’ Tank FoO down or decreasgse L of T
Lower FO

for conatant Fo Larger L:

or decrease Ces increased Fo 1line

pull

Use recommended ¥FMR

Recommended Vvalue

o N



A A
C ;
A
Purpose . ALC pole
Smaller . Noise splkes turn ALC off.
Larger . Slower ALC response

Recommended value: 0.1 183

R

A
Purpose . ALC zero
Smaller . Less stable ALC
Larger . More stable ALC

Recommended Value: 10 KOhm

6 C -
L
Purpose . Limiter 50 kHz pole, 50 Hz rejection
Smaller : Higher pole F, more 50 Hz reject. Fo

attenuation.

-28-



Larger Lower pole F, less 60 Hz raject,
noice BW.

Recommended Vvalue: 0.1 uF

4.7 C -
M
Purpose . Holds RX path V
0S
Smaller : Less noice immune, shorter V hold
08
") aquisition, shorter preamble.
0S
Larger more noice immune, longer v hold
0S5
A" aquisitlon, longer preamble.
0s
0.47 pnF

Recommended Value:

moT e

fagter

sliower

4.8 Cc -
1
Purpose Re jects short pulses l1ike impulse
noise.
Smaller Lesg impulse reject, delay
Larger More impulse reject, delay

Recommended Value 0.47 uF

-29-



Purpose

Smaller

Larger

Recommended Value:

4.10 R
2

Purpose

Smaller

Larger

Recommended Value:

Open—col. pull up

Less available gink 1

Less available gource 1

10 KOhm.

5.6 V Zener bias

Larger ghunt current, more chip digsipatien

smaller shunt current, less v+ current drawvw

12 KOhm.

4.11 Z and R .-
T T
yA
T
Purpose Transient clanmp
Smaller Higher R - excess peak Vv, Zener and chip
Z
damage -
Larger Lower R gives enhanced transient clamp,
Z
costly.-

.y aa Y RV



i

Transient 1 limit

Purpose
Smaller Damage 2 , pull up v+
T
Larger Excessive TX attenuation
Recommended value: 4.7 Chm.
.12 P y Qg and R : -
B B G
R :
B
Purpose Base bleed
Smaller Faster , lower THD 1
0
Larger inadequate turn-off gpeed
Recommended Value: 180 Ohm.
Q - =
B
Purpose Boost gain device
Smaller Excesgsive 1 and V .
J SAT

-3\ -



Larger . More rugged, put costly

Recommended value: Power NPN

Purpose . Current setting R
Smaller . More 1 , need higher h

0 fe
Larger . Less I , lower min. h

0 fe

Recommended Value: 1.1 Ohm.

.13 C : -
B
Purpose . Supply bypass
Smaller : Trangients destroy chip.
Larger : Less supply gpike

Recommended value: 2 47 pE.
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CHAPTER 5

FUNCTIONAL DESCRIPTION

The data is gerially transmitted and received through
the asynchronous communication port which supports rS-232C
gtandards. In the IBM PC serial ports are configured as COoM1

and COM2. The addresses for these ports

con 1 3F8 -~ 3FF H

coM 2 2F8 -~ 2FF H

The communication port utilises INS 8250 for saerial
transmiggion and reception. To do this it has a number of
accessible registers. These registers can be controlled by

programmer through PC.

LINE CONTROL REGISTER :

The sgsystem programmer gspecifies the format of the
asynchronous data communications through the line register.
in addition to this we may retrieve the contents of the 1line
control reglister for ingpection. This feature simplifies the

system programming.

pit 7 - Divisor latch access bit.
Bit 6 - Set break.
pit b - Stick parity.

nit+ 4 - Even parity gselect.



Bit 3 - Parity enahle.

pit 2 - No. of Stop bits.
pit 1 - Word length select bit i.
pit O - Word length select bit 0.

on
W

Bl DESCRIPTION :

il Yoo e

\.

pit 0 & 1 :

These tWO bits gpecify the number of bits in each
transmitted or received gerial character. Encoding of bits

are as follows.

pit 1 Bit O Word length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bitse
Bit 2
This bit specifies the number of etop Dbits in the

transmitted or received serial character. 1f this 1is 1ogical
0’ one 8top bit is generated or checked in the received
data. If it is 1ogical 1’ , wWhen a 5 bit word jangth i8

selected, then 1% stop bite are generated or checked.



pit 3

1

o

This is the parity enable bit. When bit3 js logic
is generated (transmitted data) or checked (received

parity

data).

Bit 4
This Lis the even parity gselect bit. 1f it is lcgic 1
done

and bit 3 is logical "1’ transmission and checking is
for even number of bite. If it iag logical 'g' odd parity is

established.
Bit 5
This bit is atick parity bit.
Bit 6
This is set break control. 1f this is logical 17 the

aerial output is forced to the spacing gtate and remaing
there regardleas of the transmitter activity.

Bit 7

which is set high to access the

Device latch access bit,
devisor latches of the baud rate generator during a read oOr
write operation. It is set slow to access the receiver

buffer.
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5.4 PROGRAMMABLE BAUD RATE GENERATOR :

INS 8250 contains a programmable baud rate generatcr
that is capable of taking the system clock and dividing it by
any divisor from 1 to 216. Two 8 bit latches are ysed to
store the divisor. The divisor used for generating various

paud rate are

In Hex
50 900
75 600
110 417
150 300
300 180
1200 060
1800 040

5.5 LINE STATUS;REGISTER H

The status information concerning the data transfer from

a processor is provided. The bit indication are given below.

Hex Address 3 FD H

Bit 7 o

Bit 6 Tx Shift register empty
Bit 5 Tx Holding register empty
Bit 4 Break interrupt

- e . -

Framing error



Bit 2 parity errorl
Bit 1 over run error

pit O Data ready

5.6 INTERRUPT IDENTIFICATION REGISTER :

INS 8250 has an on chip interrupt capability that allows
complete flexibility in interfacing it tp @&almost all the

microprocessor. It priorities into four levels.

1. Receiver line status.

2. Received data Ready.

3. Transmitter circuit holding register empty.
4. Modem status.

regpectively.

5.7 INTERRUPT ENABLE REGISTER :

1t controls the interface with the modem. It is of & bit

length.
Bit 7,6,5 0
Bit 4 Loop Back
pit 3 Out 2
Bit 2 . Out 1
Bit 1 Request to send

Bit O Data terminal ready

. »Y



The receiver puffer register which contains the received

character which is of 8 bit 1ength.

The 8 bit transmitter holding reglster contains the

character to be serially transmittedn

The 8 pit modem atatus register provides the syrrent

atate of the control lines from the modem tO the PC.

- 232C STANDARD :

.—-,__—-—-______-————-—"—'——

This is the yniversal atandard followed for the gerial
data communlcation. Here the jogical states 0 and = are
represented by +12 and -12 voltage. The jogical 1 which is
represented by -12V is done ao in order tO reduce the noise
lnterference and to increase the accuracy of reception.

Special purpose IC's are avallable for converting the digital

into RS -~ 232C atandards. in thils 1C communicatlon our serial
communicatlon. A 9 pin RS - 232 connector is wused in PC
communicatlon whosge details are enclosed in appendlx 111
1489 RS — 232 RECEIVER

REAL 2o i— —

gince the transmitter transmits the data of 5 V Logic,
go it is important to convert the RS 232C output of 1ZV into
5V it js done by 1489-R5232 Receiver Chip. Pin detail 8ee€

armnendix 11 I.



1488 RS — 232C D :

—

the received 5V signal must

e with the PC,
8 RS 232 driver.

To communlcat

d into 12V which is done bV 148

be converte



CHAPTER ¢

et

SOFTUARE DESCRIPTION

et

A proper goftware support to satisfy the requirements
of our éystem ig also provided. The software is developed in

»TURBO C’ .

Here the communication petween computers takes Dplace
through the asynchronous communicatlon port. The gpeed with
which the information gets transmltted (Baud rate) is

~

programmable uging the file MODE.COM in DOS.

Oour system can operate under 150 and 300 paud. The
lnitialisation of baud rate with all necessary options like
type of parity, number of atop bits and number of bits etc.,
can be done from our gsoftware itgelf. As we enter into the
software and choose the first option the computer will

request for the initialisation operation.

Operations 2,3,4 from +he three modes of transmissiorn
in our system. Using option 72 we can transmit a gset of word:
continously aso that a synchonisatlon can be achived betweel
the transmitter and receiver, provided the initialisatio

. T

i math the systems.



The Next option transmits a scanned Key (ie) any key
presaed on the keyboard is converted into the corresponding
ASCI1 and gets transmitted. We have provided facility to
return from the option to the main menu which is done by

pressing the ENTER KEY.

The fourth option is for data file transmission. Any data
file can be transmitted through Rs-232 and can be received at
the receiver. For the users knowledge the data file while
transmisaion is monitred m the screen. Again at the receiving
and the data received is displayed on the computer moniter

and gets stored to secondary devices like floppy diskettes.

The last and final option is to quit from out
software. UWhen this option ias selected the compter comes out
of our software saying »GOOD BYE”..... .- { and waits for

further usage in the DOS prompt.

The above mentioned options are all provided in
raceiving computer and should be properly gelected for

receiving the tranasmitted gignal.
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CHAPTER 7

e —————

PROGRAN LISTING

The Main Program For Transmission

$include
tinélude
$include
#include
#include
g$include
§include
ginclude
ginclude
$include
main()

( /*

<process.h>
<dos.h?>
<stdio.h?
<conio.h>
<graphics.h>
"modemo .h”
»MOD3 . h"
"ouiname.h”
»outtype.h”

”filetran.h"

definitions x/

int 1i,3;

char ¢

podee();

clrascr();

tt:

textmode(CBO);

textattr(UHITE+(BLACK((O));

clrscr();

window(2,1,78,24);

+avfhackaround(LIGHTBLUE);

transmit.c<

*/



)

gotoxy(1,6);
putch(ZOO):

for (1=2;1<77;1++)
{

gotoxy(i,6):
putch(205);

)

gotoxy(78,6);
putch(iﬁa);

for (j=5;3>1;-"1)
€

gotoxy(1,]3);
putch(186);

}
for(j=5;3>1;--1)
{

gotoxy(77,}3):

putch(186),

gotoxy(1l,1);

putch(ZOl);

for(i=2;i<77;++i)

€

gotoxy(i,l);

putch(205);

)



-

gotoxy(i7,1):
putch(187);
gotoxy(1,7);
putch(ZlB);
gotoxy (77, 1)
putch(191);
for(i=8;i<23;++l)
{

gotoxy(1l,i);
putch(179);
gotoxy(??,i);
putch(179);

)
gotoxy(1,23);
putch(192);
gotoxy(77,23);
putch(217);
for(i=2;i<77;++i)
{

gotoxy(i,?);
putch(196);
gotoxy(i,23);
putch(196);

}
gotoxy(23,3);

~rarintf(”PC COMMMUNICATION THROUGH

AC

POVER



LINES” D
textcolor(CYAN);
gotoxy(ZS,lO);
cprlntf("l. pAUD RATE INITIALIZATION "y
gotoxy(25,13);
cprintf("z. TRANSH&TIING A UORD "D
gotoxy(25.16);
cprlntf(”3. TRANSHITTING SCANNED KEY"):
gotoxy(25,19);
cprintf("A. TRANSMITTING A DATA FILE "33
gotoxy(25.22);
cprlntf(”s. EXIT ")
c=getch();
if ((e=="1") H:(C=='2’) 1 (e=='3") i (ec=="4")
il (c=='5"))
switch (¢)
(

case '17: inltlallze();/* paud Rate Inltialieation

x/
break;
cage '2': clescr();
gotoxy(AO,ZO);
textcolor(UHITE);
cprintf(”Transmission jg going on
")

word(); /% Transmitting 2 word */



*/

case * 3’

case "4’

case '5’

goto tt;

clrscr();

break;

textcolor(UHITE);

scan(); /* Transmitting a gscanned key */
clracr ()

break;

clrser();

textattr(YELLOU+(CYAN((A));

dataf(); /* Transmission of a Data File

clrecr();

break;

textattr(UHITE+(BLACK((O));
clrscr();

gotoxy(30,20);

cprintf(”G 00D BYE it
sound( %)

sleep{iJ;

nogound();

exit(0);



podea()

{

int gd=ﬂCGA,gm=0,c;
initgraph(&ad.&am."");
cleardevicet o
setbkcolor(RED);
settextstyle(GOTHIC’FONT,0,4);
setcolor(YELLOU);
outtextxy(ZO,BS,"PC COHMUNICATION");
outtextxy(70,65,"THROUGH");
outtextxy(120,95,"AC POUER LINES");
getch();
cleardevice();
setbkcolor(BLUE);
settextstyle(SANS_SERIF_FONT,0,3);
setcolor(BROUN);
outtextxy(S.ZO,"Gulded By ")
settextstyle(TRIPLEXﬂFONT,0,Z);
outtextxy(35,50,“ﬁiss.?. supriya”);
getch();
cleardevice();
setbkcolor(BROUN);
setcolor(BLUE);
settextstyle(GOTHIC_FONT,0,3);
outtextxy(lﬂ,\U,"Prn)ac* pone By ")}

PLE 4

e wrwul & 4G, K.Ganeah”);



outtextxy(50,70,”** K.Kalalselvi”);

outtextxy(do,loo,"*** P.Kamalakkannan”);

getch();

closegraph();



Jr-——mTTTTTT PROGRAMN FOR BAUD RATE INITIALIZATION

initialize()

{

int i=0,j=0,baud,no,st;
char par(10];

clrscr();

textmode(CBO);
textattr(UHITE+(BLACK<<4));
clrscr();
textattr(UHlTEi(RED((&));
window(2.1,78,24);
clrsecr();

gotoxy(1,6);

putch(ZOO);

for (i:Z;i«" 1)

(

gotoxy(i,é);

putch(ZOS);

}

gotoxy(78,6);

putch(188);
for(j=53i>1i-—3)

{

..,,..,__...__-*/



}

putch(186);

}
for(3=5;J>1;—-))
{

3otoxv(77.3);

putch(186);

SOtoxY(l,l);

putch(ZOl);

for (i=2;i<77;++i)

{

gotoxv(i.l);

putch(ZOS);

}
gotoxy(??,l);
putch(187);
gotoxy(l,?);
putch(ZlB);
gotoxy(77,7);
putch(191);
for(i=8;i<23;++i)
{
gotoxy(l,i);
putch(179);

gotoxy(77,i);

« 74 T7T0 N «



gotoxy(1.23);
putch(192);
gotoxy(77,23);
putch(217);
for(l?2;5<?7:+*l)
{
gotoxy(l,?);
putch(196);
gotoxy(i,23);
putch{‘.ﬁe1
}
textcolor(UHITE+BLINK);
gotoxy(23,3);
cprintf("PC COHHUNICATION THROUGH AC POUER
LINES");
textcolor(CYAN);
gotoxy(4,9);
cprintf("Baud Rate Required (150/300)? I B
cacanf("%d",&baud);
gotoxy(A,lZ);
cprintf(” Type Of Parity (O/N)? D
cscanf("ks",par):
gotoxy(4,15);
cprintf("Number Of Bits (7/8) TS
cscanf("%d",&no);

aotoxy(d,ls);



cscanf("kd",&st);

getch();
gotoxyf¥0.15);

clrscry, .

textattr(UHITE+(BLACK((O));
clracr();
setdisk(D);
of (baud==15h\
{
if(par==’o')
{
switch (no)
(
cage 1:
{
if(at==1)
£

system("mode com1:150,0,7,1,p");

setdlsk(Z);
break;

)

elpe

{

system("mode

com1:150,o,7,2,9");
setdisk(2);



break;

case 8:
{
if(5t==1)

{

syatem("mode co

m1:150,o,8,1vp"3;

aetdisk(Z);
break;

}
else

{

system("mode

com1:150,o,8,2,9");
aetdlsk(l);

break;

)

else

gwitch (e

{



case 71:

{

if(st==1)

{

~

system("mode coml:lSO,n,7,1,p”,;

getdisk(2);
preak;

}

else

{

system("mode
com1:150,n,7.2.p");
setdisk(2);

break;

cage 8:

{

if(ati*l)

(

system(”mode com1:1501n,8?1,p");
setdisk(2):
break;

}

else



syntem(”mode com!:iSD,n,S,pr");

setdisk(Z);

break;
}
}
)
)
}
else
(
1 E(pmt o)
switch (no)
€
cage 7:
{
11(er==1)

€

system("mode com1:300,o,“;1?p"};
aetdisk(Z);

break;

}

else

{

eystem("mode



setdlsk(z);

break

}

case 8:
€
if(et==1)

{

system(

-
¥

"mode coml:30

getdisk(2);

break;

}
else

{

system("mode

com1:300,o,8,2.p");

alse

(no)

switch

setdisk(2);

break;

0,0,8,1,p“



cage 7:

{

itist==1)
{
system(”mode com1:300,n,7,1,p”3;
setdisk(Z);
break;
)
elae

{

system("mode

com1:300,n,7.2.9");

setdisk(2);

break;
}
}
case B:
{
if(st==1)
{

system(”"mode com1:300,n,8,1,p“);

setdisk(2);



}
}

get(‘.h()'l



PROGRAN TO TRANSHIT A UORD CONTINEOUSLY

/* ______
File Name °: OUTNAME . H

[T
word ()
{
int 1,43
char a,b,c,d.e.f,g,h,j,k,l,m.n;
void fool():
for (q=1;q<20;q+*);
(
a='G’":
i=a;
outport(0x3f8,l);
fool():
p='0";
i=b;
outport(0x3f8,i);
fool ()
c="D";
i=c;
outport(0x3f8,i);
fool ()
d=' "3
i=d;

outport(0x3f8,i);

fool (J;

e._:»I»;



outport(0x3£8,i);
fool (s
£="5";
i=f;
outport(0x3£8,l);
¢ool ()
e~ '
i=g;
outport(0x3f8,l);
fool ()3
h='G";
i=h;
outport(0x3f8,i);
fool ()3
j="R’;
i=3;
outport(0x3f8,i);
fool ()
k=*E";
i=k;
outport(0x3f8,i);
fool ()

1="A~

i)

i=1;
outport(0x3f8,i);

cnnl ()



i=m,
outportLUtha.i);
fool();

n=" "3

i=n;

outport (0x3f8,1);
fool():

}

}

void fool()

{

delay(lSOO);

}



[rmmmm =T PROGRAN TO TRANSHIT A TYPED KEY —~777777

Jro—mmmmm =T File Name : OUTTYPE.H —===~77777 %/

int 1,%;

char ¢C;

clrscr ()3

do
{
outport (0x3£8,0);
c=getch();
i=c;
outport (0x3f8,i);
putch(c);
delay (500);
outport(0x3£8,0);

for (k=1;k<168;k++);



J* =TT PROGRAM FOR TRANSHITTING A DATA FILE R

jx —mmmmmmTTT FILETRAN.H  ——""77 777777 * /

FILE * fpt;

int i=2, &;

char d;

fpt = fopen ("kct.dat", netyy

while (!feof(fpt))

{
d=getc(fpt);
a=d;
outport(0x3f8,a);
printf ("%c",d);
delay (200);

}

for(ix0;1<=2;i++)
outport(0x3f8,0x1a);

fclose (fpt);



/* The main programn for recelving transmitted data */
/* Receive.C x /

iinclude <proceas.h>
tinclude <dos.h>
tinclude <atdio.h>
ginclude <conio.h?
tinciude <graphica.h>
#include »modemo .h"”
ginclude »MOD3.h"
#include "lnname.h"
iinclude »intype.h”
tinclude "filereca"h"

main()

int 1,33

char <3

podee();

clrscr();
tt: textmode(CBO);
textattr(UHITE+(BLACK(<O));
clracr();
window(2,1,78,2A);
textbackground(LIGHTBLUE);

textcolor(UHITE);

VT 2 S



putch(200);

for(i=2;1<7751++)

{
gotoxy(i,62:
putch(205);
}
gotoxy(78,6);
putch(lss);
for (3=533>13773)
{
gotoxy(1l,]3);
putch(186);

}
for(j=5;3>1;-73)

€
gotoxy(77yj)3
putch(186);

}

gotoxy(1l,1);3

putch(ZOl) ;

fOI‘(i=2;i<77;++i)

gotoxy(i,1);
putch(205);

3



putch(187);

gotoxy(1,7);
putch(218);
gotoxy(77.7);
putch(l?l);
for(i=8;1<23;++l)
€

gotoxy(l.i):

putch(179);

gotoxy(77,i);

putch(179);

gotoxy(1,23);
putch(192);
gotoxy(77,23);
putch(217);
for(l=2;i<77;++i)
{

gotoxy(i,7);
putch(196);
gotoxy(i,za);
putch(196);

}

gotoxy(23,3); /* Menu * f

cprintf("PC COMMUNICATION THROUGH AC POUER LINES"):

L, ANY -



cprintf(”l. BAUD RATE 1

gotoxy(25,13);
cprlntf("z.
gotoxy(25,16);
cprintf("3.
gotoxy(25,19);
cprintf("ﬂ. RECEIVING

gotoxy(ZS,ZZ);

cprlntf("S. EXIT"):
c=getch(); \
if ((e=="1") i (c=="2")
(c=="5")) .
switch (c)
{
case 1’ inltlailza(); i*
break;
case r20 . clrscr();
gotoxy(l,l);
wordl(): !
*/
clrscr();
preak;
case '3’ clrscr();

textcolor(UHITE);

*

acanli i v

clrscr();

RECEIVING A WORD

y Recelving the

fecaeivin

NITIALIZATION");

"){

RECEIVING THE PRESSED KEY”" )

A DATA FILE” )

|} (e=="'3") I

Baud Rate initia

tr;n-mitted

g the typed Key

1isation L

word

x



cirscr();

case ‘4’
textattr(YELLOU+(CYAN<<4));
datafl(); /* Receliving the trasmltted data
file */
cirscr();
break;
cage '5": textattr(UHlTE+(BLACK((O));
cirscr();
gotoxy(30,20);
cprlntf(" g o oD B Y B R R B
sound (550
sleep(l);
nosound();
exit(0);
}
goto tt;



J* ——-— 77 PROGRAM FOR RECEIVING A WORD CONTINEOUSLY -

jx ommmmT Cile Neme : INNAMECR T w

wordl()
int 1,k

char ¢;

for(k=1;k<260;++k)

{
i=lnport(0x3£8);
c=1i;
printf(”%c”,c);
delay(1575J;

}



%--=----- PROGRAN FOR RECEIVING A SCANNE

/* __________
scani()
{
int a;

File Name : INTYPE.M -

11: a = inport(0x3f8);

if (a==0) goto rr;

printf("%c",a);

rr: delay(500);

if (a==13) exit(0);

goto 11;

p KEY -~



/* e File Name : FPILERECE.H ------- */
datafl()

{

FILE *frt;

int 1,a;

char 1;

frt = fopen("samp.dat",”w");/*Opening a file for reception
while((a=inport(0x3f8)) = 0Oxla)
{
printf("%c",l);
delay(ZDO);
l=a;
// putc(l, frt);
fputc(l,frt);
}
fclose(frt);

)



CONCLUSION

———— o TSI

The hardware circuifry has been fabricated, using the
transceiver I1C and other possible components, RS-232C is the
interface 1link between the hardware and software. The

software has been developed in 'C’ language.

The pulse transmitted by the transceiver in the <fransmit
mode has been received by the other transceiver which is in
the receive mode. The pulse has been observed on the CRO as
a test for the hardware functioning. By using the gsoftware -
the data fed as input to one PC is obtained as o/p in the

other PC - the two PC’s paving the way for communication.

By boosting the carrier signal, communication between

PC's can be effected for long distance.

An improvement that can be made in our gsystem ig to
increagse the baud rate of transmission, so that audioc signal

transmission can be done.
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Dual-In-Lins Packaga

I1CO CAP. 1 — -/ 1 1CO FREQUENCY
1CO CAP. 2 — 17 DATA IN.

pLL FILTER 1 = ll\-A | IMITER FILTER

PLL FILTER 2 — 1 LAV

TX/RX SELECT — 8 ' GROUND

OFFSET HOLD CAP. — 9 13 NOISE INTEGRATOR

ALC STABILITY < 3 'L DATA OUT.

BOOST EMITTER = 1L 5.6V ZENER
BOOST BASE — '8 CARRIER 1/0

TOP VIEW

PIN DETAILDS OF LM 1893,
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Absolute Maximum Ratings

Supply voltage 30 v
Voltage on pin 12 55V
Voltage on pin 10 (note 1) 41 v
voltage on pins 5 and 17 40 v
5.6 V DU zener current 100 mA Note 1: Transients may reasch above €0 Vi see ine transient
Junction temperature: transmit mode 150°C peak voltage characteristic curve.
receive mode 125°C Note 2: The maximum power dissipation rating shnuld be
Maximum continuous dissipation, 1a225°C, derated for device operation above 25°C to insure that the
{note 2): plastic DIP N 1.66 W junction temperature remains below the maximum rating. Use
Operating ambient temp. range -25 to 85°C a 8yp0f 75°C/W  for the N package wusing 2 sorket 1n
S“torage temperature range -65 to 150°C sti1T air. Consult the Application Informaticn section for
Lead temperature, soldering, 10 s. 3100°C more detarl.
General Electrical Characteristics (note 3)
The test conditions are: V+=1B V and F0:125 KHz, unless otherwise noted.
| ] T T T Test [ Design | Limit i
| # Parameter | Conditions I Typical | Limit | Limit i Units ¢
| | | ! | (note 4) 1 (note 5) !
| I | ! ! 1 |
| 11 5.6V Zener voltage, V; | Pin 11, 1,22 mA H 5.6 1} 5.2 | V min |
| | | i | 5.9 { V max |
Lo ! : x i i
| 21 5.6V Zener resistance, R; | Pin 11, RZ:(VZMUmA-VZMmA)/( 10mA-1mA) i S 1 § Ohm i
| | | i | !
| 3| Carrier I/0 peak surviveble { Pin 10, discharge 1 pF cap. charged to | 80 | 60 | ¥ max. ]
| | tranaient voltage, V |V i ] i i
] i ot 1 o1 . ! : :
1 i i
| 4| Carrier I/0 clemp voltage, VYgo ! Pin 10, Inc=10 mA, RX mode 1 44 } 41 ! ¥ min. i
| | | i | 50 : Y max. |
I ‘ | | | |
| 51| Carrier 1/D clamp resistance, R/ | Pin 10, 1,,=10 mA i 20 | Ohm i
P S o i | !
} 6 } TX/RX low input voltage, Vy : Pin S ! 1.8t 0.8 1oV omex. |
| | | i
: 7 : TX/RX high input voltage, Viy : Pin 5 (note 9) | 2.2 | 2.8 IV min. !
| 1 ! |
! 8 TX/RX low input current, Iy ] Pin 5 at 0.8V b=z i 20 [ pA min. |
: } | I | o [ pA max E
| | | ! 5
| 9| TX/RX high input current, Iy | Pin 5 at 40 V Iow?® 0 UopA min. |
| | | | | 10 HA max. !
1 | 1 1 [ : I
| 10 | RX-TX switch-over time, Tpq | Time to develop 63% of full current drive | 10 | | Hs I
| ] | through pin 10 | t i 1
| | | | | ! |
| 11 | TX-RX switch-over time, " (g | 1 bit time TB:1/(2FD”A) Time Typ is user | 2 | ! bit |
: || | controlled with Cy, see Apps. Info. { | t |
| | | ¢ |
| 12 | ICO initial eccuracy of Fq | TX mode, Ry = 6.7 KOtm, Cq 560 pF | 125 | 113 | KHz min.
| | | | Y i Kz mex.
| | o . | 1 I |
: 13 : ICO temperature coefficient of Fy Il X mode, (FOHAX_FUMIN)/(‘JHAX'TJMXN) : (+200) : |! PPM/°C
| 14 | Temperature drift of Fy | TX mode, -25<75<150°C | (+2.0) | | (+S.0)Y 1 % mex.
| | ! - | _ | 1 - i
Transmitter Electrical Characteristics (note 3)
The test conditions are: V+=18 V and Fn:125 kHz unless otherwise noted. The transmit center frequency s ., [SK low
F.., and FSK high is FZ'
1 [ | | I Test [ Design | Limit
| #1 Parameter i Conditions | Typical | Limit | Limit ! Units
| | | | | (mote 4) | (mote 5} |
| T I T I T T
| 15 | Supply voltage, V+, range | Meets Test 17 spec. at 71=25°C and: |GV | 14 | {13 I ¥ min,
i | 1(F5(16V]-F [18V]D)F [18V]1<0.01 i Ioo2e (23 ] omex.
] | | 1(F [2avI-F,[18v1)/F,[18v1]<0.01 | i ! |
P P ! ! | i & i
| 16 | Total supply current, Ipy | Pin 15. Pin 12 high. Igp is Ig through | 42 | 59 { | mA max.
| | | pin 15 and the average current qODC of the | 1 ! H
| ] | Carrier 1/0 through pin 10 i | | t
| 1 | | | i {
| 17 | Carrier 1/0 output current, Ig | 100 Otm load on pin 10 | 70 | 45 § { mApp min
! | | | | | |
| 18 | Carrier 1/0 lower swing limit, Vg | Pin 10. Set internally be ALC | 4.7 | 4.0 | IV omin
| | } | | 5.7 1 IV max
{ | I | I i !
| 19 | THD of Ig (note 6) ! Q@ of 10 tank driving 10 Ohm line | 0.6 I | (2.3) } % max
| | | 100 Ohm load, no tank | 5.5 | } 9 1 % max
| | | | | | !
| 20 | FSK deviation, F,—F | (Fy-Fq)/([Fp+F41/2) | 4.8 | 3.8 1 i % min
271 271 271 !
i | | | | 5.2 i i % max
| | | i | f !
} A { Data In. low input voltage, Vp | Pin 17 | 1.7 | 0.8 | i ¥ max
| 1 | ! i
; 22 } Data In. high input voltage, Vyy | Pin 17 (note 9) | 2.1 i 2.3 H bV min
| | | { !
N N N "



eceiver Electrical Characteristics (note 3)

e test conditions are: v+z18 V, Fn:125 KHz, 2.2 deviation FSK, FDATA:Z.A KHz, vjnzlﬂﬂ mVpp, in the receive mcde, unless
 herwise noted. -
| 1 1 ! Y Test T~ Design | Limil
P | Conditions | Typicsl | Limit 1 Limit . ] Units
e erameter i | | (rote #) | (rote 5 | |
s | 1 Lo T e | v
F tional receiver (note 7) i 11 13 {13.5 min.
: 25 = Supply voltage, ¥+, range } unctional receiv % ﬂ 154 3 (20} My
i |
| ] | i | i v
i i i ¢ A min. |
| 26 | Supply current, 1 | 1,y is pin 15 (V+) plus pin 10 1 13 H 5 { Y
| 1 v ] &errIN)CMTmt 1 ! 14 ‘ mA max. %
} 1 ! : .
i i i R Pin 10 ! 19.5 14 | KOhm min. |
= 27 : Carrier 1/0 input resistance, Rg : in ; ; b ' Ko -
| | | | 1 I i i
| 28 | Max. data rate, Fyp | Functional receiver (note kD) 1 10 i 4.8 i (7.8 WB8gud
| | | square-wave dats, 2.4 wHz=4.8 &Baud 1 i : g E
| | | L
| 29 | PLL capture range, fp ‘ Cp=100 pf, Rg=0 Otm : +40 } +20 % ;% min.
| | L
| 30 | PLL lock range, F| | Cp=100 of, Rp=0 Ohm 5 +45 1 +20 } L% min. [
| | | :
| 31 | Receiver input sensitivity, SN | For a functional receiver (note 8) | | | : i
| | | Referred to chip side {pin 10) | 1 | 10 | i mVoug i
{ | | of the line-coupling XFMR: Fnaz50 kHz | 1 | | | mVoue 1
| ] | F=300 khz | 1 i 1 1 mVoue !
] | | Referred to line side of XFMR: | o0.14 | | E MmVpuc
(I | (assuming a 7.07:1 XFMR) Fg=50 kHz | 0.14 | ! [ mVeug
| ! | Fp=300 kHz | 0.1a | i i mVp {
P [ 0 i 1 a P
| 32 | Tolersble input dc voltage offset | Pin 10 lower than pin 15 by: i 2 ! 0.1 i E ¥ max. ?
R | AR T
{ 33 | Data Out. breakdown voltage | Pin 12, leskage I<20 pA E 70 ‘ 55 %
| | |
| 34 | Data Out. low output, Vg | Pin 12, sat. voltage at Ip =5mA % 0.15 : 0.4 :
I | |
{ 35 | Time-domain filter current, Iy | Pin 13 charge and discharge current | 450 1 #35
| | | | [ !
1 | | i i !
| 36 | Offset hold cap. biss valtage, Vry | Pin 6 g 2.0 | ;.;
| | | i .
i | | i |
| 37 | Offset hold capacitor max. drive | Pin 6. V{pin 3)-¥(pin 4)=+250 mV | »48 | 425
| | current, Iyey | } } +80
I | .
| 38 | Offset hold bias current, Igyg | Pin 6, TX mode. Bias pin 6 as it self- | 6.5 | (-20)
| | | biased during test 3Z. | | i (20)
| | | | | i
| 39 | Phase comparator current, Ipc | Bias pins 3 and 4 at 8.5 V i 100 i 50 {
| | | Ipe=l{pin 3) + I{pin 4) | | 150 | !
| | 1 | 1 | I
| 40 | Phase detector output resistance, | Pins 3 and &. | 10 | 6 1 V7 il KOhm min.
| ! Rpp | Rpp=(V@100pA-VaS50pA )/ (50pA) ! 1 15 | | KGhm max.
i ! ] | | | |
| 41 | Phase detector demqdulated oputput | Pin 3 to 4, measured after filtering | 100 | 60 i { mVpp min.
| | voltage, Vpp | out the 2Fy component t i 180 | | mVpp max.
| | | | 1 | ]
| 42 | Fast offset cencel voltage "window" | Vp N3-YPING = +Vy INDOW * DC offset | 0.95 | a.75 i 1 ¥/V min.
| : -to-Vpp ratio, Vy/Vpp | Dr{ve forN+S pR p{an current | ! .10 | | V/¥ max.
| | - | | | |
| 43 | Power supply rejection, PSRR 1€ =0.1 PSRR = CMRR. 120 Hz | 80 | | | dB min.
| | | | | | |
Note 3: The values inside parenthesis () apply over the full operating temperature range after warmup for the specified suppl
voltage range. All other numhers apply at TA:TJ:25°C.
Note 4: Guaranteed and 100% production tested.
Note 5: Guaranteed (but not 100% production tested) over the temperature and supply voltage ranges. These limits are not use
to calculate outgoing quality levels.
Note 6: Total harmonic distortion is measured using THD=( Igyg(all components at ocr above ZFO)]/[IRMS(fundamental)7.
Note 7: Receiver function is defined as the error-free

tial 208 ps bits), wi
their noise-free positions.

Note B:

Note 9:

th the first bit being a

The t.me delay of Cy is 1/2 bit, or 208 ps

ny

passage of 2 cycles of 50% duty
All of the data transitions (edges) must fall within +1
RX time delay is minimized by using no impulse noise filter cap. N
During the sensitivity check, note 7 requirements are followed with these exceptions:
all of the data transitions must fall within +10%
capacitor (C;) is used. 1/

Cy for this test.

fFor TTL compatibilit‘ use a pull-up resistor to increase min. VnH to abave 2.8 V.

(1) data rate Fpuy
(+20.6 ps) of their noise-free positions, and (3), a time-domain filt
(C; is approximately 6200 pf).

-cycle 2.4 KHz square-wave data (4 sequel
0% (+20.6 ps)

=1.2 KHz,{



» Transmitter

entral to chip operation 18 the low TC of Ffp emitter-
oupled oscillator. With proper CO’ the FO of the
v amplitude t1 iangle-wave oscillator output may vary
rom near DC to sbove 300 KHz. while Cp may have any
alue, Cy should be made above 10 pf so that parasitic
~apacitance is not dominant. Excessive or unbalanced
ommun-~mode-to-ground capacitance should be avoided. A luw
remperature coefficient (1C) of capacitance (<100 PPM/°C),
such as a monolithic NPO ceramic multilayer type, preserves
low TC of FC' Fiqure 6 finds a Cn value given FO'

)

Resistor Ry i3 used by the 1T to generate & Vg /R
related curfent that is multiplied by 2 to produce the EOO
pA 100 control current that sets Fg. The control current
10 "bucks™ the V rejated tri-wave amplitude across Cg
ty effect a low BT}C of Fqy. Vary R, to trim Fg, within
limits. Raising FO more than 20% above 1ts untrimmed
value by means of decreasing Ry more than 20% is not
recommended. Low R, and so high control current, risks
1C0 seturation and poor 1C under worst-case conditions.
Raising Ry reduces the demodulated signal amplitude from
the phase detector; raising Rl’) by more than a factor of 2
(1 octave) is not recommended.

Since lower 1L pots are relatively costly, 1t is
rvcommended that Ry Le made up of a 5.6 K fixed (<100
PPM/°C) resistor with a 2 KOhm (<250 PPM/°C) series pot.

.

A and Ry
Components C and Ry control the dynamic characteris-
tics of the tranmsmitter output envelope. Their values are
not critical. Use the values given in figure 5. [, and
R are functions of loaded T tank Q, Fp, r?)AT ,
and line impulse noise. Any changes mode in Q:A and
should be made based on empiracle measurements of a CCT on

the line. Roughly, CA acts as an ALC pole and Ry an
ALC zero.

At this point, the (C1 system designer may choose to use
one of the recommnended transformers or to design Ty
oneself. . Consult “The Coupling Transformer" section to
help with the design of T, if a new or boost-capable
transformer 1s needed. The recomnended 125 KHz transformer
functions with an Tg of up to 600 mApp .

1y 1s recommended that CCT systems use the recommended
transformers, described in figure 7, for Tq. The 3
transformers are optimized for use in the ranges of 50-100
KHz, 100-200 KHz, and 200-400 KHz with unloaded Q's (QU)
of about 35, and loaded Q's (q ) of about 12. Three
secondary taps are supplied with nominal 7.07, 10, and 14.1
turns ratios (N) to drive industrial and residential power
line impedances of 3.9, 7, and 14 ohms respectively. All
are inexpensive, all have the, same pin-outs for easy
exchange in a PC board, and all are small - on the order of
10 mm giameter at the base.
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FIGURE 7. Tme recommended T transformers. All are
available through ?oko America, 5520t W. Touhy

Ave., Skokie, IL, 60077, 312-677-3640 fuse
the part numbers listed above).

Cq

Tank resonant frequency F must be correct to allow
passage of transmitter signag to the line. Use figure 8 to
find Cp's value. Trimming F to equal F is done
with Ti's trimming slug. The inductance of T, has a IC
of +150 PPM/°C which may be cancelled by using a -150
PPM/°C cap such as polystyrene. Since circulating current
in the tank is /4 Aguc, C should have a low series
resistance (a 1 Ohm series resistance 1S too much}.
Polypropelene caps. are excellent, "orange drop" mylars are
adequate, while many other mylars are inadequate. A 100 v
rating is needed for transient protection.

Ce

Capacitor Cp's primary function .s to block the power
line voltage from T,'s line-side winding. &lso, Cpr and
T.'s line-side winding comprise 3 LC highpass ficltex.
The self-inductance of T1 is far too low to support a
direct line connection. .. must have @& low enough
impedance at Fn to allow T, to drive transmitted energy
onto the line. To drive a 12 Ohm power line, the impedance
of C¢ should be below 14 Ohm.

Use figure 9 and 10 to find the reactive impedance of [
to check that it is less than the line impedance. Theﬁ
check to see that the power line current is small enough tc
keep 11 well out of saturation; the  recommended
transformers can withstand a 10 Amp-turn maguetizing force

(1 Ap through the worst-case 10 turn line-side winding).

Caution is required when choosing CC to avold serlec
resonance of the series combinaticn of Cry the
transformer inductance, and the reflected tank imf)edanc&
The low resistance of the network under series resonanc
will load the line, possibly decreasing range. for you
particular line coupling circuit, measure for serie
resonance using some expected 1ine impedance load.

Rg

This base-bleed resistor turns QB of f auickly - 1lmportan
since the amplifier output swing is about 200 V/ps. A
R, below about 24 Ohms will conduct excessive current an
overload the chip amplifier and is not recommended.
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IGURE 9. Cc's impedance should be, as a rule-of-thumb,

smaller than the lowest expected line impedance.

~

]
fhis resistor, in parallel with the internal 10 Ohm

resistor, fixes the current gain of the output amplifier,
Bnd so the output current amplitude. Figure 11 gives
utput  current and minimum AC current gain h for Q

- fe B
vhen RG 1s used to boost ocvtput current,
The boost gain transistor iy must be fast. Double-
11 ffused devices with 50 MHz FT's work, slower

Lransistors (epi-base types} do not preserve a sinusoidal
vaveform when FD 1s high or oscillate. QB must have a
ertain minimum hfe for given boost levels, as shown in
Figure 11, Figure 12 shows the power QB must dissipate
ontinuously operating with a shorted output. BY (R =
lg) must be 60 V or greater and QB must have adequate
;BA for transient survival.

Infortunately, potentially damaging transient enerqgy passes
_hrough transformer T4 onto  the Carrier I/0 pin
(instantaneous power of greater than 1 KW has been measured
;sing the recommended transformers). For self protection,
he Carrier 1/0 has an internal 44 V voltage clamp with a
0 Ohm series resistance. A parallel low impedance 44 V
>xternal transient suppression diode will then conduct the

Lion's share of any current when transients force the
arrier 1/0 to a high voltage.
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FIGURE 11, Qutput amplifier current and requirec =min. Qq
Nfe VErsus gain-setting resistor R.. -
ZT must  be used unless some  precauticn iy taken to
protect the Carrier 170 pin  from line transients or
transients caused when stored lin=s eaergy in O s
discharged by the random phase of power line connect iof and

disconnection. Worst case, CC may discharqe a full peak-
to-peak line voltage into the tuned circuit.  Another way
to reduce the need for Z1 is by placing another magnetic

circuit in the signal path that relies on a high, but
easily saturated, permeability to couple a primary and
secondary winding - a toroidal transformer for example
Toroids cost more than Z7.
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FIGURE 2. Boost transistor power dissipaticn versus

amplifier output current.

Breakdown Voltage

Max imum Leakage

Capacitance

Maximum Clamp Voltage

Peak Non-Repetitive Pulse Power
(REA Standard Exponential Pulse)

e (Y

4449V & 1ma
THA @ 40V
3C0pF & By
54,5V 2 7,84
10.2€W for Tus




Use an avalanche diode designed specifically for transient

suppression - they have orders of magnitude higher pulse
power capability than standard avalanche diodes rated for
equal DC dissipation. Metal oxide varistors have not

proven useful because of their inferior clamping
coefficient. Specifications for an example minimum digde
are given in figure 13,

The Receiver

The receiver and transmitter share components C., T.l,
Ch, RT’ -, C, Re, and  peripheral supply  and
blas componean thaq are not in need of change for RX mode

operation, Values for the balance of the components are
now found.

Line-Frequency Rejection

To use the ultimate sensitivity of the device, fully 110 dB
of 115 Vv, 60 Hz attenuation is required between the line
and the limiter amplifier output. Using the circuit
topology of figure 4, the combined attenuation of the
C/T1 highpass, the tuned transformer, and the bandpass
filter attenuation of the limiter amplifier give far more
line rejection than the above-stated minimums. However, if
some other CCT line coupling ecircuit is used, line
rejection will become important to the system designer.

Receiver input power supply rejection (PSRR) and common-
mode rejection (CMRR) are one-in-the-same using the supply-
referenced signal input of figure 4, Ripple swings bath
differential inputs of the Norton amp. equally, while the
single-ended input signal swings only the positive input.
Overall PSRR consists of the input CMRR (set by the input
stage component matching) and the ripple-frequency
attenuation of the input amplifier bandpass response that
passes carrier frequency but stops low frequencies, A
typical 1% resistor and 1 mV n-p-n mirror offsets give 26
dB  of attenuation, the bandpass gives 54 dg 120 Hz
attenuation, for an overall 80 dB PSRR to allow tens of
volts of ripple before impacting ultimate sensitivity,

Ce

A value was chosen earlier, Knowing T's secondary

inductance allows g check of LC line attenuation using
figure 14,

L

The Norton input limiter amplifier has a bandpass filte:
for enhanced receiver selectivity, noise immunity, and line
frequency rejection. The nominal response curve for F =
50 KHz is shown in figure 15. The 300 KHz pole is fixed.
The 50 KHz pole is set by (i 's value. After C, is

found, the resulting line frequency attenuation is found
for the bandpass filter.

Use figure 15 to find a C value given FO‘ The
approximate line frequency at%’enuation of the bandpass
filter may then be found in figure 16. Figure 15 returns a
value for ¢ 33%  larger than nominal, gqgiving a low
frequency pole 33% low to allow for component tolerances.
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Cr and Rp

These phase-locked loop (PLL) loop Filter components remove
some of the noise andg most of the ZFD components present
in the demodulated differential output voltage signal f:ion
the phase detector. They affect the 2LL capture range,
loop bandwidth, loop overshoot, damping, and capture time,
Because the PLL has an inherent loop pole due 1o the

integrator action of the ICO (via Coly the loop pole cet
by Cr and the zero set by RF gives tre logp B
classical 2nd-order response. Ne CF and  F. g
most  stable PLL with the fastest response. Larg

with a too-small RF cause PLL loop insts ility lea
poor capture range and step response or osciila-
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10 /00 /000
Carrier frequency, FO, KHz
RE 17. Faind CF given FD' Figure 19 gives the

max1mum data rate,

leulation of Cq and Rp is quite difficult, involving
t only the 2nd-order loop step response, but also the PLL
n~-dominant poles, the tuned transformer stepped-frequency
sponse, and the RC lowpass step response (for data rates
proaching 1 KHz). CF and Rr values are best found
piracly. Tolerance 1s not critical. Component values
e selected to give the best possible impulse noise
jection while preserving a +20% capture range and wide

ability margin. Figures 17 and 18 give Ce and Rp

lues versus FO'

te that (p and R are a function of data rate only
r high dats rates and are not plotted against data rate -

one might expect. The reason for this is mmportant to
derstand if the CCT system designer wishes to find Ce
i RF empiracly. Data signal 1is, loosely speaking,

ssed through the PLL loop and is therefore potentially
‘enuated 1f the loop bandwidth is on the order of the 3rd
‘monic of the dats rate, or less. Overall loop bandwidth
held as low as possible for maximum noise rejection

le  passing the data. Loop bandwidth is roughly
portional to the geometric mean of the unfiltered loop
wwidth and the filter pole set by Cp. Therefore, EF
related to data rate, Unfortunately, the loop capture

ge falls to critically low values when large enough
ues of (p are used to reduce loop bandwidth down to
> 100's of Hz range, for low data rates. The gbvious way
1s to then reduce the unfiltered loop bandwidth. That
dwidth is approximately proportional to the value of

For a fixed Fas unfiltered loop bandwidth
luction requires a larger Cn and larger control
rent. With this chip, changing the control current is

00

T IITT e

h:QOQ éapture Range

FDA p<<Max. Data Rate

oy
10 = ™

DATA = Max. Data Rate

20
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lo /

Max. Data Rate, KBaud
o

W
Max. Data Rate, KHz

/0 /00

A/ th%IDgt§ZOut
/||| Bity cycie ||
2 (50% DC nominal) l

/000

Carrier Frequency, FO, KHz

FIGURE 19, The maximum data rate versus Fro using loap
filter components optimized for max. nolse
performance  while retaining & wi:.  +20%
capture range (large signal) -

not  allowed. S0 one 1s forced tc choocse & C[/RF

combination with some minimum capture rangs=, sayv +20%,

that is within some guardband from the point 3:_100;v

instability. Happily, impulse noise tends tao .ast cnly

fractions of a millisecond so that the lack of low
bandwidth loop response with low data rates is no: = heavy
penalty. As long as there is adequate capture range, the
impulse noise filter performs admirably. Note  that

reducing Fg will reduce the no-filter loop bandwidih, and

indeed the maximum data rate falls below

the lim:t set oy

the RC lowpass Filter as Fg falls below 100 KHz.

‘
The tuned "transformer characteristics

demodulated data waveform more than CF

data rates, Tank G and off-tuning will
during the fSK frequency steps. This
tuned circults.

Cu

Capacitor Cy stores a voltage corresponding o

will affect tne
and R at  low
af

n
fect overshoot
@ property of

&

correction factor required to cancel the phase detector
differential output DC offsets. The stored veltage ts 576

-8

of the DC offset plus some bias level of about 2 V. A
large CM value increases the time required tn bras-up the

receive path at the beginning of transm

Cy does filter well and store its bias voliage long

Because of the initial random charge of
must be given both a positive-going and

issiorn, A large

[‘.M. the receiver
a negative-going
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Jata transition to charge to the proper bias voltage. - V+
Iherefore, reducing Cy's value to one that may be charged
in less than 1 bit time will not save biasing time and is
10t recommended.
. Pin 3 \ 100K 1% 100K 100K 10k 1%
)se figure 20 to find C,'s value  knowing , A _
ssuming- the standard 2 bi€4 recejive charge tJmEATfs \/L_
lesired. The cap. value and IC are not critical, but the _L»
ap. should have low leakage. 33P-T— 33p 33p
Pin 4 ‘l. 10K 1%
. » 100K 1% 100K 100K
*  impulse noise filter Integrator capacitor CI is used 10K 1%
> disallow the passage of any pulse shorter than the 75K 75K +
egrator charge time. That charge time, set to a nominal 5Y .
2 bit time, is the time required for a *50 pA charge
srrent  to  swing CI over a 272 v g Tange. Charge time
der worst case conditions must never be greater than a FIGURE 22.° Circuit to view the different: te
t time since no signal could then pass. Using a +10% data signal, minus the ne ana 4
0., full junction temperature range, and full specified component s, conveniently with a s gle-enge
rrent  range, a maximum charge time of 1/2 bit is gain-of-ten output.
commended, Figure 21 gives CI Versus data rate under
0se conditions.
- It is sometimes desirable tg place impulse agise or the
line. A simple light dimmer with a 100 w 2190t buib

e collector pull-up resistor is sized to supply adeguate
11-up current drive and speed while preserving adeguate
tput low current drive.

*adboarding Tips

ring CCT system evaluation, some techniques listed below
11 simplify certain measurement s,

Use caution when working on this circujt - dangerous
line voltages may be present.

When evaluating PLL operation, offset cancel
operation, and loop filter values, use the filter of
figure 22 to view the demodulated signal minus the
ZFO and noise components. This filter models the RC
lowpass filter on chip.

circuit

When evaluating CCY system noise performance on a real
power line, it is desirable to vary the signal amplitude

to the receiver. This is not €8Sy. An in-line line-
proof L-pad is fine except that the line impedance is
unknown and variable and so the L-pad will rarely
match.  Instead, the power output of a chip transmitter
nay be controlled using the circuit of figure 23. This
circuit controls the ALC.

Monitoring charge current in CM 1s sometimes important
Lo analyze the offset cancel circuit, Measuring the
urrent by droping more than a few MV in a series

esistor affects operation and is
orkable method is to make
‘ollow any data signal.
hows  that

not recommended. A
Cy small so that it may
Any change in pin 6 voltage
the data signal reaching the offset cancel
ircuit is larger than its nominal 50 mv voltage
indow. A CM on the order of 500 pF with a 1 pA pull-
own allows pin 6 to follow the internal signal (with s
ain of about 5/6).

1000

100 *

in 1NN

PN~ "

load produces representstive impulse noige.

- Do not aliow peak currents of gver 1

lener. In other words, don't short charged cacacitors
into this low~impedance device, Take care npt  tg
momentarily shart ping 10 and 11 - damaging the 0,

- Figure 24 shows some  typical signzls beginning with
serial data transmitted to received signal.

Tuning Procedure

First, trim r by putting the chip in ‘e  ix modge

setting a logical high data nput, anc measurinc the Iy

high frequency, 1.022 FO' on the Carrier /0 using these

steps:

1. Take pin 17 to a logic low.

2. Take pin S to a logic high.

3. Place a counter on pin 10.

4. Adjust RU on pin 18 for F = 1.UZZFO.

Second, the line transformer is tuned. “he crip :¢ nlaced

o the X mode, a resistive line loac 1s connected to

disable the ALC by reducing tank voltage swing below its

limit. FSK data is then passed through the tank so that

the tank envelope may be adjusted for equa: amplituce for

high and low data.

1. Take pin 5 to a logic high.

2. Place a logic-level square wave at or be.ow  the
receiver's maximum data rate on pin 17.

3. Temporarily place a 33Q Ohm resistor across the *ark

4. Place a scope on pin 10,

5. Adjust the transformer slug for the lgwest #rvelan
modulation.

In lieu cof the 330 Ohm resistive load, may be coupled

to the power line to better simulate actual load and

pull conditions during tank tuning. Alte

passive network representing an average line 1mpeda
The

leveling =

be connected tc the line side of T,
figure 23 should then be used to defeat
of the ALC.

Thermal Considerationsg

the

A through ke

5.6V

rmnative]

cire

It is desirable to place the largest possible signal an the
power line for maximum range, limited only by the chin
power dissipation and maximum Junction temperature TJ.
The falling output power at elevated T allows & more
optimal power output - high power at low TJ and  lower
power at high T for chip self-protection. However, it
1s still possible tg exceed the maximum TJ within the
specified ambient temperature limit (TA =785°C;  under
worst case conditions of 100% TX duty cycle, high supply,
shorted load, poor PC board layout (with small copper feil

V+

> 75K
Pin 7 N
O e




10 V/Div. Transmit-To-Receive Switch-Over Time

An important figure-of-merit for a nalf-duplex CCTT link,
affecting effective data rate, is the TX-to-RX switch time
Tir- Using the recommended component vaiues gives this
part a nominal 2 bit-time (1 bit time = 1/02F 4, A]> over

. ’ " ‘ ’ a wide range of operating conditions, where tne receiver

; fw‘ i 1 requires 1 positive-going and 1 negative-going data

(3) “ w‘ QUD mV/DlV. transition. 1R cannot be decreased significantly but
- : . does increase as noise filtering, especislly visa CM' is

(A) ; L sy 200 mV/01V. incresased. Impulse noise at switch, signals near the
\ R limiting sensitivity, poor FU match between receiver and

(5) /——_\JW 2 V/DlV- transmitter because of poor trim or worst-case conditions,

and the statistical nature of PLL jocking may all
10 V/Div.

contribute to increase TTR to possibly 4 bif-times.
; ; ; T is lower when a pair of LM1893's handshake rapidly.
t 1 1R i

1GURE 24. ?:\;;itgaimnoderseviild:;g we:l:gr;i;ial a(o 553,:;:) The receiver was designed to vremember' the RX-mode DC
conditions with O5CR spikes on an otherwise operating points on Cy and Cf while in the TX mode.

iet 115 v, 60 Hz power line. The signals Under noisey worst case conditions, CE will discharge to

2;“8, 1) trar;smitted data, 2) RX carrier on the the point of false operation after 35 it-times in the TX

tuned transformer, 3) demodulated signal from mode (1400 bit times with no noise and a rominal part,

y >

. 7 F = 180 Hz2). T is about 0.8 ms {proportional to
ATA
the PLL, 4) signal after RC lowpass, 5) data at tP\e Ae 132 bit-time.

impulse noise filter  integrator, and &) lected F) plus
received data. Horizontal scale is 10 ms per

div The major components of T are descrvlbed oelow for s
) nominal 125 KHz FO, 180 z FDA A lightly-loaded tank
with a Q of 20, and the circuit ofI figure 4. The remote

CCT has been operating in the TX mode with & 26.6 Vpp

tank swing and is now selected as a receiver. 4n incoming

area), and an above nominal current part. Under those signal requiring the ultimate receiver sensitivity

conditions, a part may dissipate 2140 mW, reaching a Ty =

pS J immediately is placed on the line.
170°C worst-case (admittedly a rare occurrence). Proper

system design includes the measurement or calculation of First, the tank stored energy at the transmit  freguency
T max. to guarantee function under worst-case must decay to a level below the 2.8 mVee swing caused by
operation. Like all devices with failure modes modeled by the 0.14 mV incoming line signal centaining  the
the Arrhenius model, the high chip reliability is further information to be received.

enhanced by keeping the die temperature mercifully below
the absolute maximum rating.

\
. 1
A direct method of measuring operating junction temperature decay time = NF_ in <T> =
is to measure the V voltage on pin 18, which 1is always u 0
available under all operating modes. The graph of figure
25 may be used to find TJ, knowing Vgp at the operating 2 1n 26.6 = 0.466 ms (7]
point in question and Vgg at = T, = 25°C. Vae %125 000 g.no28 ;) T ’ -
is found by powering up a chip (in ‘}(X mode) that has been
dissipating zero power at some Ta for some time and £
measuring Vgp in under 1 s (for better than 5°C accuracy). That is 0.47 ms of delay (proportional to %/ f, and G,
Alternately, Ty may be calculated using: Second, the PLL must acquire the signal, it must lock an
settle. Acquisition time is statistical and may take anv
T.=1 +8.P (1 length of time, but average acquisition time depends on the
J A JA'D ' loop filter components C¢ and Re and the difference in
center frequencies, AFn, of the TX/RX pair. Using th=
recommended Cp and Rp Qéﬂ nF and 6.2 KOhm: with a +
where B, 18 75°C/W for the plastic (N) package using a 4.4% Af (a + 100 mv DC offset on Cp and Rg:, 1o
socket . That B value is for a high confidence level; was measured to take less than 50 cycles of D That s
nominal 8y, for “an N package 1s 60°C/W, lower with good a 0.40 ms delay (proportional to 1/FO).
PC board” layout. Since P is a relatively strong
function of T, an iterative solution process starting Acquisition is incomplete until th2 secand corder PLL loof
with an initiag guess for Ty is used. With the estimated settles. For the above-mentioned C and PRy, tne loor
7., find the total supply “current found in the typical natural frequency F, and damping facgor are found to be
performance characteristics. (reference 1) 2.3 KHz and 1.0 respectively. From Dorf
{reference 2), settling to within +25 mV of the +100 md
DC offset change requires 2.7 periods cf F,, or 17 ome !
"3 function of Cp and Rg}.
ou Third, the RC lowpass filter introduces & 0.12 ms delay.
o~ N Fourth, €y must charge up to +(5/6)100 = 83 mV depend:
] ing on the polarity of F..  Borderiine data sguarin
g with zero noise immunity is possible with only +05/65 5
/:l \ mV of charging. Cy charge current is a linear an
-] N asymptotic function approximated by assuming a 50 pA charg
W] N current and a full B3 mV charge voltage. T, charge tim
<‘n /'0 \\ is then 1.7 ms (proportional to 1‘/F)ATA)“ ‘
‘&:‘; Fifth, the impulse noise filter adds a 12 bit-iime delay.
> \ !
o 0'? \ Total Tqg is 3.9 ms plus 1/2 bit-time for a total of 1.
>CD \\ bit-times at 360 Baud. This rough estimate neglects tha
N part of the Cy charge may happen while the PLL settles
© 0-8 Ay etc
b .
nN - . . .
5 Receive-To-Transmit Switch-Over Time
E 0'7 Assume the chip has been in the RX mode and the TX mode 1
s . now selected. In less than 10 ps. full output current 1
z N | R exponentially building tank swing. 50% of full swing 1
) mimad i 1eea tham 10 eveles - or under 80 us at 12



r Line Attenuation

spective of how wide the limits on power line impedance
sre placed, there are no guarantees. However, since
CCT design requires an estimate of the lowest expected

impedance I encountered for the most efficient
smitter-to-line coupling, line impedance should be
ured and 2 1imits fixed to @a given confidence
1. Reasonable values for Ty turns ratio, loaded Q,
tank resonant freguency pull f, may be found to
le a CCT system design that functions with the
whelming majority of power lines.
imited sampling of 7 ~was made during the LM1893
ign of residential an& commercial 115 V 60 Hz power

». Data was also drawn from the research of Nicholson
Malack (reference 3), among others, to produce figures
and 27. All messured impedances are contained within

shaded portions of figure 27. A nominal 3.5, 7.0, and

Ohm ZLN is used throughout the application information
h a nominal 45° phase (0° is sometimes used for
plicity).

er Line Impedance

. wiring in most US buildings is a flat 3 conductor cable
led Amerflex, BX, oOT Romex. All referenced line
sedances refer to hot-to-ncutral  impedances with a
sunded center conducter. The cable has a 100 Obm
sracteristic impedance, a 125 KHz quarter-wavelength of
y m {250 m at 300 KHz), and a measured 7 dB attenuation
r a S0 m run with a 10 Onm termination. Generally, line
ads may be treated as lumped impedances. Instrument line
rds exhibit about 0.7 uH and 30 pf per meter.

1ink range using this chip show
tensive coverage while remalning on one phase of a
stribution transformer (100's of m) with link failure
ross transformer phases oOr through transformers. Total
ne attenuation allowed from full signal to limiting
nsitivity is more than 70 dB. Typically, signal is
yupled across transfcrmer phases by parasitic winding
apacitance, typically giving 40 dB attenuation between
sased 115 V windings. Coupling capacitors must be
wstalled for link operation across phases. Power factor
orrecting capacitor banks on industrial lines or filter
apacitors across the power lines of some electronic gear
should be isolated with

mited tests of CCIT

hort carrier signal and
nductors. Increasing range 1s sometimes accomplished by
lecting to install the isolating inductors and coupling

apacitors, as well as by electing to use the boost option
nd by building repeaters.

e Coupling Transformer
he design arrived at for Ty is the result of an unhappy
ompromise - but a workable one. The goals of 1) building
} with a stable resonant frequency, Fae that is little
fected by the de-tuning effect of the line impedance
, and of 2} building & tightly line-coupled transformer
or transmitted carrier with loose coupling for tranmsients,
re somewhat mutually exclusive. The tradeoffs are exposed
n the following pedagogue for the CCT designer attempting
, new boost-capable or different core transformer design.
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FIGURE 27. Complex-plane plots of measured 1715V,

line impedance where I = R+ X

The compromises might

output and RX input. an untuned TX coupling

be eliminated by separating

the Tx
transformer

with only core coupling (not air-coupled sclencid windings;

would employ a high permeability, high magnetic
loss, square saturating, toroidal core.

path would be isolated from line-pull
unilateral amplifier that operates at line

fieid, low
The resonant RX
prcblems by 3
voltages with

much more than 110 dB of dynamic range. The sclution 1s

prohibitively complex and expensive, and is

First, choose the turns ratio N based on
lowest Z likely encountered, 7 Ne Figure
graphicalky how N affects line signal.

large as possible to drive Z

with full signal.

not usec.

an estimated
28 shows
N should be as

7 1,

has an unloaded G, QP, of wel&Nless than 35, a guess of N
d be

somewhat high shou used and later

accuracy.

giving a choice of N=7.07, 10, and

driving ZL%'S of 14, 7.0,
+

Ty = 25°C, = 18v, and Q = 35).

141

The resonating inductance of the

sought.

a transformer with an

self-inductance

tuned primary,
Note that, while standard transformer design gives
impedsnce  at

checked for
The recommended transformers have secondary taps
{(nominaily: for
and 3.5 0Ohm respectively ‘at

Ly, 15

operating frequency well above load impedance, tne tuned
transformer requires a low L4 for adequate Gy and
minimum line pull. Result: relatively poor mutual
coupling.
R =
L, = by
1 nE
2 QQ
It is known thal resonant frequency f. = F, and some

minimum bandwidth, or maximum @,
signal under full load conditions.

will be reguired to pass

L i
L, = —5—= &5
1 2 FOQL
ZLNV is the reflected ZLN’ QL is the loaded G, eand
parallel resistance RQ models all transformer iosses and
sets QD.
Rg ‘\ ‘ZLN\/ is found knowing that it absorbe full rvafted
power .
(267 + ¥+ 1
1OPP ' 2(_-VALC + V+)1 B 4.7 i+ iy "
PD = IDVO = = \ ——ee——— | s — (5)
NE NE
where Ig is in App. At an elevated T4
Py = L18z4p700:08 - 0.200% (6)
(73

Ru“ YN at S

“ -

2
v (-v + V+)q/2
P_D-— ALCl \/’_ = 442 Ghm




R, = 1 = 1 = 1210 Ohm (9)

@ 1 1 1 1
7 - 7 Ty T Zg%

RQ “ IZLN| IZLN! 442 695

R
Ras = °2=ED—2=1ohm (10

1+Q 1435

1]

Only @, remains to be found to calculate L. QL is

related to the -3 dB (half-power) bandwidth by

.
O = BWT% of o) (11)

An iterative solution is forced where line pull, AFQ,
must be guessed to find QL and Ly. Ly 1s then wused
to check the line pull guess; a large error requires a new
guess. Try a BW of 8.7% - that is &4.4% for deviation, 1%
for TC of Fg, and 3.3% for Fg - giving §, = 11.5.

442

1 * Trexias oooxiis = 470 MM

Knowing the core inductance per turn, L , and Ly, the
number of turns is found.

49.0 = 49 1/2 turns (14)

T is normally an integer, but these transformers require so
few turns that half-turns are specified, remembering that
the remaining 1/2 turn is completed on the P.C. board and
is loosely coupled. The secondary turns are calculated

—
&
Nel
w

1 .
T, _N—-—-—-7.00-7 turns (15)
giving an- L, of 0.98 uH. Note that the recommended 125
KHz transformer mirrors these specifications. The
resonat ing capacitor is

’
2
(27rF0, Ly

C. = = 33.5a077 = 33 oF (18

Q

Line pull AF. was calculated (reference 5) for a Z
magnitude of 14 %hm and up with any phase angle from -90
to 90°. AF~ was 6.4% - well above the 3.3% estimate.
Referring to (T1), an 11.8% bandwidth is required, forcing
L to be reduced to reduce Q. That fix was not
implemented; some signal attenuation wunder worst-case drift
and OFn is allowed. Ly is already so small that the
31 qauge winding conducts 8 1/4 ARMS circulating current.
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