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SYNOPSIS

This project entitled " DOMESTIC POWERLINE COMMUNICATIONS" 1s
marily aimed at transmitting telephone signals through the AC powerlines that exist in
domestic household which are serving only as power carriers so far. The idea is unique
1 will transform any ordinary household into a fully networked house enabling the user
transform any of his power outlet plug points as an extension outlet for his phone,
hout affecting the normal functioning of the power supply, in any way.

The user with this facility 1s able to connect his telephone anywhere in his building
hout having to worry about the additional costs involved in laying extension lines all
r the building.

The telephone line and the telephone set are connected to the powerline tarough
ole interfaces, which do not affect the performance of the telephone line, or the
erline in any way. The telephone signals are all transmitted in a suitable way so that
;ommon user finds no difference in using the phone. Thus a nomnmal telephone <can
:onnected directly through the interface without any alterations on it

Our project is developed using common and low cost ¢ircuits that will be useful in

ing the product reach the market.



1. INTRODUCTION TO TELEPHONE LINE
COMMUNICATION

Of the various available communication systems , the telephone
is the most widely used. The necessary control signals and speech signais arc
transmitted using telephone cables. Our project aims at sending these signals
via powerlines. Such a tech}lique will tremendously reduce the cost of
telephone communication and hence 1s highly feasible in the commercial
point of view.

Before stepping in depth into powerline communicatior. the basic
building blocks and the operation of the basic telephone are dealt with i
brief.

The given block diagram (fig 1.1) illustrates the interconnection
various main components of the subscriber’s equipment,

The handset consists of two sections-the receiver and the transmitter.
The transmitter is a microphone, which converts the speech signals into

electrical signals for the purpose of transmission over the line. The receiver

ot
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converts the electrical signals received from the local switching center into
sound. The speech sound consists of frequencies ranging tfrom 1OOH> e
3000Hz.But the range, which ‘is being transmitted. 15 500-2500Hz so that the
te1eﬁ)hone system is simplified in construction and cost. The siznal at the
receiver also consists of attenuated feedback from the transmitter calied the
sidetone. This function is done by the speech network. The speech network
also does the work of separating the transmitted and the received signals at
the subscriber’s set. The cradle switches may be in either of two positéoﬁs—on
hook and off hook. When the handset is on the cradle switch. 1t is said 10 be
in on hook position. At this -position, there is a DC voltage drop of 48V
across the telephone lines.

When the handset is lifted up, the switch is said to be m off-hook
.position. There are logic circuits at the switching center 1o detect the oil
hook position of the handset. The voltage across the telephone lines nas row
dropped to —10V.

The hookswitch connects the telephone line to the ringer in the on

hook position and to the speech network in the off hook position. Thus when



the subscriber receives a call, he is intimated of the arriving cail by a
ringing current. This is an electrical signal of about 73 V RMS at a frequency
of 25-60Hz, which activates the tinger at the subscriber set. When the
handset is off hook, the ringing signal is cut off.

When the subscriber is placing the call, the switching center prepares
to accept dial signals. The two methods of transmitting the dialing
information to the switching center are pulse generation and tone generation.

Pulses are generated ei‘ther by electronic pulse dialers or rotary type
dialers. The latter has almost become extinct. These dialers generate a series
of pulses that transmit the dialed number to the switching center. Figl.2
shows the pulse train generated when the number 3 is dialed.

The dialed number is identified by the switching center by counting
the number of breaks in the pulse train. Thus the time taken to transmit a
number / digit depends on the value of the digit. ~ The bricge  recuiler
provides the dialer with the proper poiarity of the DC line bias and hence
prevents damage of dialer due to line reversal.

The second method of sending dialing information 1s by tone
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The above figure is got when the number three is dialec.



generation also called DTMF (Dual Tone Multi Frequency) signaling. in this
method, each digit 1s assigned one frequency from both low group and high
group of the frequencies. A unique tone for each combination of fow and
high group of frequencies is transmitted over the voice transmission path of
the telephone line. Fig 1.3 shows the allocation of frequencies for dirferent

digits.
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2. PARAMETERS OF TELEPHONE

1.DC voltage
DC potential across the telephone lines when the handset 1s on-
hook nominally is 48 volts and 10 volts when the handset 1s ofi-hook.
2.Line current
When the handset is off-hook. the current drawn is abour 30-
60mA.
3.D.C resistance
Typical value of the resistance introduced across the telephone
lines, 1s 300 ohms.
4 Dial tone
It is a continuous tone of 400Hz fnodulated by a 25Hz signal.
This signal indicates the subscriber that his lines are connected to a
first free selector and he can dial the number.
5.Ring

The ringer is activated by an electrical signal of 75v amplitude

>~



3. INTRODUCTION TO MAINS SIGNALLING

Mains signalling 1s a method by which signals can be superimposed
on mains wiring for remote control of electrical equipment. The
superimposed signal frequency and amplitude are in such a way that the
signal doesn’t affect the 230 V , 50 Hz power signal.

The superimposed signal could be any of'the following:

Speech and wvoice frequenf:y signals used for telephonv. -elemetry.
telecontrol, teleprotection, telegraphy etc.

The idea of powerline signaling is not new .Such signzling has been
practically demonstrated and utilized for decades . Such a technique is called
powerline carrier communication (PLCC). The idea of PLCC originated
when there arouse a need for intercommunication between various remotely
situated hydroelectric power generating stations, substations and control
rooms. This was later extended to various other areas of application.

The superimposed signal (here, the telephone signal) is of very small

amplitude say 4-6 V. The survival of such a small amplitude travelling along



the strong 220 V power signal is possible due to the frequency ol tiw
communication signal, which is about 500-2500 Hz whereas the mams
voltage is of very low frequency (50 Hz ). About 3 kHz channel bandw:dth
is consumed by the voice signal.

The main advantages of the powerline cqmmunication system are the
ease of installation, flexibility and relatively low cost because 1t ses
existing mains wiring.

3.1 GENERAL PRECAUTIONS

While electricity is a great boon for mankind. the elecuic shock
is a very dangerous phenomenon, making It imperative to exercise
utmost care while handling electric gadgets.

Normally, most electric and electronic gadgets arc fitted mside
cabinets that are insulated from the elecwical parts. Under 1ded
conditions all such gadgets are safe to handle. But in pracuce there is
always a possibility of the gadget becoming faulty for some reuson
and giving a shock on being touched. Therefore. sure-safety mcasures

that work unconditionally should be provided. That specifically 1s tie



purpose of the SAFETY GROUND. This wire serves a very important
purpose in that it is linked to the life-saving safety grounc.

A three wire system of AC distribution should be ensured n
the home. All AC outlet sockets should have a 3- hole configuration.
As a standard practice in our country, the live and neutral poinis are
of the same size. The live connection is at the right hand side while
the neutral connection 1s at the left hand side . The earth or the
ground point is bigger than the other two and 1ts connection 18
symmetrically above the live and neutral connections in the AC
socket. As per convention, red wire is used for live peth. black or
white wire is used for the neutral path and green wire is used for the

ground path.



4. SYSTEM LAYOUT

This project aims at connecting the telephone terminal to the telephone line
coming from the exchange through the powerlines.

The regular telephone set without any modifications whatsoever Is
connected to the regular 230 volts AC powerlines via the telephone set interface
that we have made.

The interface is so designed that it simu]ates the exchange and the
telephone operates as it would if it were connected directly' to the telephone fine.
The interface provides a connection point for the telephone. detects the off-hook
condition, provides for the ring signal and all other facilities necessary for the
regular operation of the telephone. Our interface also connects the telephone to the
powerlines and enables bi-directional speech and control signal exchange.

To the phone line outlet, a second interface called the telephone line .
interface, is connected. This interface, in turn, will simulate a normal teiephone
connected to the phone line, i.e. to the telephone exchange it will appear as if o

normal telephone is connected to the line as such. The interface alsc cornects tme



telephone line to the powerline. The interface exchanges bi-directiona:
speech an:?l control signals with the ‘telephone set interface through the powerline.

This interface is responsible for the detection of the ring signal, simulating
the dialing ( both pulse and tone ) to the exchange and also enables bi-directional
voice communication between the two interfaces.

Both the interfaces are properly coupled to the powerline through coupling
capacitors that prevent the DC voltage from entering the powerhne.

The actual lines used m our system are the neutral and the earth wires
found in a common domestic powerline system. The voltage between the cartil
and the neutral wires is expected to be perfectly zero, 1.e. the earthing at the house
and the power station is at the same tevel. However this is never really the case
anywhere and a small voltage usually exists between these lines. This actually
helps in the transmission of the signals through the lines. Normally 50 Hz
interference is present through these lines and is suitably attenuated through 50 FHz
line rejection at either end.

Voice coupling can be achieved through a driving amplifier that amplities

the voice and control signals for transmission over the powerlines. Tones are used

14
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5. THE TELEPHONE LINE INTERFACE

-The telephone line interface has the following functions:
1. To simulate a normal on hook telephone set.
7 To detect the incoming ring signals from the exchange and notifyr the telephone
interface through the powerline.
3 To simulate the normal handset off hook when the telephone a: the telephonre
interface has been raised.
4. To enable voice, tone and pulse communication between the interfzces.
5. To monitor the.ambient powerline conditions. and 10 disconnect itsetf from the
mains in case of potentially damaging situations.

The telephone line interface layout is as shown In figure 5.1.
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5.1 BRIEE DESCRIPTION OF THE TELEPHONE LINE INTERFACE:
The telephone line interface links the telephone line with the
household mains.

The salient features of this block are mentioned below:

5.1.1 Power supply :

This unit serves to provide the necessary DC voltages to operate the
speech amplifiers, the sensing and the controlling circuits that simulate the
normal telephone operation. It is essentially just a regulated DC supply.

5.1.2 Holding circuit:

This circuit is switched on - line through the reed relay. When this
circuit is connected to the telephone line it will provide a DC path for the Toop
current to flow while simultaneously providing an audio coupling path of low
impedance.

5.1.3 Hybrid circuit amplifier network:
The much required isolation between the incoming and outgoing speech

is provided by the use of two hybrid circuits. The fundamental purpose of this

14



network is to separate the bi-directional speech signais, which are then
amplified separately to the required levels and then to recombine them suitably.
5.1.4 Audio processing network:

This block serves to amplify the audio signals consisting of the voice
and tones. It couples all the audio signals from the telephone line to the power
line terminals namely the neutral and the ground.

As can be inferred tone dialing is achieved through the audio network.
5.1.5 Ring detector and indicator:

This circuit (fig 5.2) uses a bridge rectifier to rgger a monoestabie wher
a ring signal appears across the telephone line. The monostable 1s bu:l: around
a 555 IC. The IC produces a two-second high pulse when 1t senses the rising
edge of the ring signal. The two-second mterval is chosen to correspond to the
two second on time of the ring signal of 25 Hz. This signal is fe¢ w the
outgoing audio amplifier line that drives it through the powerline.

5.1.6 Hook status control and pulse dialing network:
This comprises of the reed relay energising circuit. 1 e reed

relay is responsible forthe 'on “or 'off * hook simulation. The reed rziav
Y p 3

210
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is turned on through a SL100 driver. A 20 kHz pulse train wiggers the S1100
through a high pass filter. The pulse train 1s generated at the tecepnone
interface whenever the handset is off- hook. Since the reed can switen at a
maximum frequency of a few kHz, the 20 kHz pulse train would be sensed

as DC. In the pulse dialing mode the dial pulses generated by the te_ephone are
used to switch on and off the 20 KHz pulse train at the telephons interrace.
which is transmitted to the other interface through the power .ne. This
modulated train is amplified and is driven through the powerline and swiiones
the reed relay at the telephone fine end, at the appropriate rate Thus RN
dialing to the exchange is achieved remotely.

5.1.7 Protection circuits:

Since the system is interfaced to the telephone line 1t has the stardarc
protection incorporated into it. The polarity guard and the metal oxide vansior
protects the interface circuits from accidental mis-operation of the 100k
simulation and from spurious peaks at the mains crossover junction a contro.
circuit monitors the mains voltage and if an irregularity in the connection 1s

detected it disconnects the communication circuitry from the mains.

-~



6. TELEPHONE SET INTERFACEL

The various functions to be handled by the telephore  set.

interface are as follows

1. To simulate the exchange line conditions at the telephone set.

2. To supply 48 volts DC supply to the set to enable the mternal
operations of the telephone.

3 To detect the ring signal from the telephone line interface through
the powerline and to denote the set by ringing.

4 To detect the off-hook condition whenever the user Brts the
handset and to transmit the same to the other end interface through
the powerline.

5 To transmit the dial numbers in any form 1.e. either through pnulse
or tone format of dialing.

6 To enable voice , tone and pulse communication beTwees the

interfaces.

7 To monitor the ambient powerline conditions and to disconnect



itself from the mains in case of potentially damaging situauons.

The telephone set interface layout is as shown n figure 6.1.

6.1 BRIEF DESCRIPTION OF THE TELEPHONE SET INTEREACE:
The telephone set interface consists of various modules 1o simuiate @n
actual telephone operation at the receiver end. The modules are
6.1.1 DC power supply
6.1.2 Ringer circuit
6.1.3 Off hook detector
6.1.4 Dialing detector and transntter
6.1.5 Signal amplifier
6.1.6 Protection circuits
As said carlier, the signal transmission uses the earth and the neurai lines

in a three-line supply.

6.1.1 DC POWER SUPPLY

The 48 volts DC power supply is given to the telephone to oderate e
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components inside the telephone.

The circuit ( fig 6.2 )gets its input from a transformer that has 230 volts
on the primary side and 75 volts on the secondary side. The circuit ensures
that a constant DC supply flows to the telephone set.

A 50 Hz notch filter is provided at the output of the powersuoply to
eliminate the possibility of 50 Hz noise damaging the DC supply.

6.1.2 RINGER CIRCUIT

The ring 1s generatedtusing the secondary coil of the transformer.
which supplies a 75 volt 50 Hz signal to the telephone. The ring 1s given
through a changeover relay, which switches between ringing and wveice
transmission modes. The changeover relay is normally in the ringing mode -
when the relay coil is not energised. Another relay 1s used to moduliate the
ringing signal in synchronism with the incoming ring signal that 1s generazed
at exchange. The relay is energised when the 20kHz is detected over the
powerline. Thus the ring signal is given to the telephone set only when ihis
make relay is energised by the ring detector circuit’s output at the te.ephone

line interface end. The signal triggers an SL.100 circuit, which in
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energises the relay coil.
6.1.3 OFF HOOK DETECTOR

The off hook condition of the telephone 1s indicated by a drop |
from 48 volts to 10 volts in DC in line voltage. Additionally. the telephone
now draws more current to power the internal circuits. The resistance mn
series with the telephone set 1s used to detect this off hook condition. The
voltage drop across this resistance is used in two Ways.

First, the voltage drives a SL.100 circuit connected to the changeover
relay and makes the relay changeover from ringing mode to audio coupiing
mode. This stops the ring and the telephone is switched to aud:o coupiing -
mode.

Secondly the drop triggers a comparator circuit constructed around
LM339(fig 6.3). This drives an astable multivibrator using 355-tumer ¢ireut
through a transistor pair, that sends out a 20 kHz signal along the powerime
to the telephone line interface end. This relay is used to drive the hoiaing

circuit to indicate off hook condition to the exchange.



MY LA INASRY YL

ISEREY ]

£ 9 914
340

M OR

m m \/...,h...“ ‘.._L_ {0)
: - ; P g, Cavd TUHY
v, N /. i i a7 § i iy
< I AR :
I P .,.\,\ = " ; =a
s > :
: ) [ N
T T
& acl x“ R : )
ﬂ : : b
A IR el
M —_IVW\ N
| > T N
| .W : 7
QL1 | :
“ n ! L
aamyd _ ; = 0L W7
L ) o . ,
ahlH N| :
™
=]

Ab

)]
[



6.1.4 DIAL DETECTOR AND TRANSMITTER

Pulse dialing is done by detecting the voltage drop across the resistor
when pulse dialing is used. This voltage will be pulsed in accordance with .
the digit dialed. This pulsed voltage is then used to modulate “he 20 kHy
output of the 555 astable by driving it on and off as per the dialing puises.
This modulated 20 kHz wave is then transmitted through the pcwerline by
the driving amplifier. The dial pulses switch the reed relay ar a rate
corresponding to the dial pulses at the telephone line interface end. The reed
relay switches the holding circuit at the same on and off and thus mimics the
pulse dialing action on the telephone end. This is registered as valid dieling
by the exchange.

Tone dialing is within the audio frequency range and is directly sert in
the voice transmission circuit via the powerline to the teiephore ine

interface



6.1.5 SIGNAL AMPLIFIER
The signeﬂ amplifier circuit ( fig 6.4) is used to amplify the ¢ial
signals from the dialer circuit so that the signal power is sufficient to drive

the signal for longer distances over the powerline.

6.1.6 PROTECTION CIRCUITS

Protection circuits are used at various places in the circuit to prevent
the accidental malfunctioning of the setup. A 50 Hz notch filter is provided
at the output of the powersupply to elimmate the possibility of the 30 Hz
ring signal damaging the 48 Volts dc telephone supply at the tewephone
interface end. Capacitors have been used to prevent the DC from entering
the communication line namely the grou-nd and neutral terminals . A low pass
filter with a cut-off of 10kHz is used to prevent any higaer freguency
signals, such as the 20kHz signal from the astable multivibrator. from

entering the audio lines and thereby causing interference.
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SCOPE OF THE PROJECT

Our project is an innovation to add to the myriad world of Hi-tach
electronic gizmos simple and portable interface,which will do away with all
line extensions from the household telephone box. We propose to increase
the number of phones used simultaneously to any desired quantity.Standard
digital technology helps us hereby allowing us to encode each signal and

hence make it possible to carry out simultaneous conversations.

The tremendous potential of this project can be understood when we
bring to light the fact that even data communication is possible using
powerlines!Data communications ,the word that opens into the world of
Internet,E-mail and computer communications can be made simpler and

cheaper by using the already existing and widespread powerlines.

Unfortunately lines in India are generally old and have low bandwidth
so such an innovation is impossible at present.It is possible that in future

when better situations prevail,our ultimate dream may be fulfilled.
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A55ILMISEEC Timer

neral Bescription

LMBESS s a highly stzbiz _device for generating
crate time delays or oscillation. Additional terminals
arovided for triggering or rezztting if desired. In the
- delay mode of operaticn, the time is precisely con-
xd by one external resistor end capacitor. For astable
ation as an oscillatar, the fre2 running frequency and

cycle are accurately contralled with two external
tors and one capacitor. Tha circuit may be triggered
reset on falling waveforms, and the output circuit
source or sink up te 200 —A or drive TTL circuits.

tures

irect replacement for SESSS/NESDD
iming from micreseconds throush hours
perates in both astsble znd monostable modes

o
o
-1
=

[ e

Adjustabte duty cycls

Qutput can source or sink 200 mA
Cutput and supply TTL compstibie
Temperature stability betier
WNormally on and normazily off cutput

Appiicaiiens

o
a
»
=
=R

Precision timing

Pulse generation
Sequential timing

Time delay gzneration
Pulse width madulation
Fulse position modulation
Linear ramo generator

than 0.C0%%

LR JEN
MEE I
3 LT A

0
)
@]

iematic Diagram

g
Yee Cr

:nection Diagrams

Aetal Can Package

CISCHARGE

THRESHOLD

CONTRGL

WILTAGE

T07 vitw

Order Number LT
Suva NS Fichka

=, LIIEGSCH

P o A

3

g

W/
T *¥ee
[.‘__I

1
GND —
OISCHARG:

TRIGGER —-E-

k|
QUTPYT ey THRESHAOLD

TGP VIZYY

Crdar Number LMS55CN
Sea NS Packoga NGEB
Orctur Number LMS55J or LMSSSCY
See NS Paclianae JOSA




splication Hints
o LM139 series are high gain, wide bandwidth
ices which, like most cemparators, can easily
Qate if the cutput lead is inadvertently altowad
capacitively go-.:ple to the inputs via stray
scitance. This shows up only during the output
age transition intervais as tha comparator chan-
states. Power supply bypassing is not required
solve this problem. Standard PC board layout
sipful as it reduces stray input-output coupling.
lucing the input resistors to < 10 k) reduces
fpadback signal levels and finslly, adding even
4all amount (1 to 10 mV) of positive feedback
steresis) causes such a rapid transition that
Hlatians due to stray feedback are nat possible.
iply sccketing the 1C arnd attaching resistors 10
pins wil cause input-ouiput oscillations during
small transition intervals unless hysteresis is
4. I the input signal is & pulse waveform, with
tively fast rise and fall times, hysteresis is not
sired.

pins of any unused comparators should be
Inded.

bias network of the LA139 series establishes a
n current which is indepandent of the magni-
2 of the power supply voltage over the rangs
from 2 .VDC to 30 ,VDC'

2 3 bypass capacitor

—t
tn

vusually unnecessary to u
355 the power supply lina,

L
i}

OrsShet Meitivibrator

The differential input voltage may b2 iarcer than
v without damaging the device. Protection should
ba provided to pravent the input valieges from
going niegative more than -0.3 Vpe (at 25°C). An
input clamp diode cen b2 used as shown in the
applications sectico.

Theoutput of the LM 128 series is the uncommitisd

coliector of a grounded-emitter NFN output tran
sistor. Many collsciprs can be tied tegether to
provide an ouiput OR’ing functicn. An outout
pull-up resistor can be cannected 1o zny availeble
power supply voltage within the permitted supgly
yoltage range and there is no resiriction on whig
voitage due to the magnitude of the voitage which
is applied to the V7 terminal of the LMI38A
package. The cutput can also be used as a simpie
SPST switch 1o greund (when a pull-up resistor is
not used). The amcunt of current which the
output device can sink is limited by the drive
available [which is independent of V¥ and the 3
of this device. Whan the maximum current limit
is reached (approximately 16 mA), the outpul
transistor will come out of saturation and the
output voitage will rise very repidly. The output
sgturation voltege is limited by the azproximartely

- 6082 1, of the cutput transister. The low offsat

voitage of the output transistor {1 mV}) aliows

the cuiput to clarmp 29senuaily 1o ground .ove!
for smezil lozd currenis.

OR Gate

Bi-Stehis Multinbrater
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Typical Applications continved, (v* = 15 v
v
] %m i : . 10M % S50h } 5
120k 9 2
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Cmne-Shot Multivibrator with Ingut Lock Out
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Squarewave Oscillator
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Typical Applications continues) (v =5,

i:u

= B, e 150

Low Frequency Op Amp Low Frequency Cp Amp

(Vg =0V for Vi = 0V)

¥
L 14 LM%

Low Frequancy Op Amp with Offset Adjust

Split-Supply Applications  «v* =15V, snc v-=-15 v

1AL

bik

4

—

v

8QOS Clock Driver

MAGNETIC
ncxee o

Zero Crossing Detector (Singia Fower Suppiy!}

o -

Comparater With a Mzgative Reference
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Absclute Maximum Ratings

Supply Voltage
Power Dissipation (Note 1)

18V
600 m\W

ﬁ_ 2

LRSS

Operating Temperature Ranges
LMBBEC
.MEBE
Storage Temperature Range
Lead Temperature {Soldering, 10 seconds)

0°C to +70°C
-55°C ta +125°C
-55°C 1o +150°C
360°C

23 C, Ve =43V L0T15V uniess othenvise s

Electrical Characteristics (v, -

- ___—_——5
. LIMITS E -
PARAMETER CONDITIONS LM555 1 .
H - ’
MiNG O TYP MAX R | omax |
I ————
Supply Voltage Poas 13 poes {‘ '8 ,
Supply Current Vec 25V, R, = 2 5 3 [ s |
Vee = 18V, R, = 0 1z g | ER
{Low State) [Note 2 ' I I
Timing Error, Monostablz I
Initiai Accuracy 0.5 | i
Drift with Temperature R. Rg=1kto 100k, 20 i b i 3L
=0 mF {Note 3} : ! i
Accuracy over Temperature io1E ?
Drifrwath Supply ! i i
Timing Error, Astabis i .
Initial Accuracy 1.5 i e i :
Drift with Temperature £50) | i 5
Accuracy over Temperature 2.0 e !
Drift vaith Supely 0% T I
Threshoid Volisge r q¢67 . y . ; % .
! |
Trigger Voltage Vee = 15V 43 5 5.2 5 : } B
S Vee = 5V 1.45 1.67 19 157 |
Trigger Current 001 05 e 23 |
Reset vOnage 0.4 G5 1 - 0 13 1 {
Reset Currenl g3 G4 3 ;o Ca J‘
Thresnold Current {Note 4) 0.1 0.25 oo 10z )
Control Voitage Level Vee = 15V 8 10 10.4 3 A A
Vee = 5V 2.8 3.33 38 2.2 4 :
Pin 7 Leakage Output High Dol 100 eI
Fin 7 Sat {Note 5) . ; : =
Output Low Vee = 15V, 17 = 15 mA { 150 i VR
Output Low Vee = 4.5V, I; = 4.6 mA P79 100 | 20 0
Oulp‘ut Voltage Drop {Low) Vee = 15V : ! ! y
lgink = 10 MA 0.1 015 | 3. 2.25
Lsinx = 50 MA 0.4 0.5 2. 0.75 y
toiyx = 100 mA - 2 22 z 25 y
N Tsinx = 200 mA 25 25 [
Voe = 5V ]
Ik =8 mA 0.1 0.25 v
sk = 5 mA 0.73 0.35
Cutput Voltage Drop {High) lspunce = 200 mA, Ve = 15V 12,5 25
lscunce = 100 mA, Ve = 15V 13 13.3 12.75 133
Vee =5V 3z ) 2.75 3z
Rise Time of Output 100 102 i
Fall Time of Quiput . 160 102 -

Note 1:

For operatmg 3t elevated temperatures the device must be dersted based on a 1—150 C mc,-um s fur

resistance of +45" C/W junction to case for TO-5 and +150°C/W junction to ambient for both packugas
Note 2t Supply current when output hich typnmily 1 mAlessat Voo = 2V
fiote 3¢ Tested at Vo = 5Y and Vg = 15V,

20

fote d: This will determing the maximum value of Ry + Rz for 16V operation. The meximum totai {(Ra+3z)isz




.zl Parformance Characteristics

g— Pulsa Width Supply Current vs Hizh Qutput Veitoga vs g*v:
ity . ) . . L2 8
aoquirad for Triggaring Supply Voltage Qutput Saurce Current =
12 - : 2 : ; ¢
T T ] [ T : ; ]
e BE EER | T
. : 1 1 15 = P L
l ¢ A 3 [ i —
il - P 2
AN z 1' 5
w H =1
= i }c
s & ;
e . L u -
> g i
= 4 - . o = ‘
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2 // |
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’ 0.2 :
w !
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Bt 02 0.3 [+ 5 17 1& ] . 1t tit
VOLTAGE LEVEL OF TRIGEER PULSE (X Vg SUPPLY VOLTAGE (V) ’ looumc: ImAY
.ow Output Voltagevs - Low Cutput Voltaga vs Low Cutput Vcitace vs
‘utput Sink Current Output Sink Current : Output Sink Current
10 143 —
= Veo =10V 4 = oo » 18y - e
=
-
2
=]
>
|
J— T -~ : v
vt |10 il
4l i\ Pl ;
10 oy :
long imA) loinx imA) [ERT I
'
put Progagsticn Celay vs Qutput Progagation Delay vs Discharge Transistor {Pin 74 !
tega Level of Trigger Pulss Voitage Level of Trigoar Pulse Voitage vs Sink Cursent ;
1
' E
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‘LTAGE LEVEL OF TRIGBER PULSE (X ver) . LOWEST VOLTAGE LEVEL OF TBIGGER PULSE (X Voot . loinx tmAl FiN T

. : Discharge Transistor (Pin 7)

" Woltage vs Sink Current

1060 =
= Ve = 5V
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of, B, in the mcnostazie circu
For (MALFLL T antcurrent source, a linear ramo
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Applicaticns Information
MONOSTABLE OPERATION

in this mode of operation, the timer functions as a
one-shot {Figure 1). The external capacitor is initially
held discharged by a transistor inside the timer. Upan ap-
plication of a negative trigger pulse of less than 1/3 Vee
to pin 2, the flip-flop is set which both releases the short
circuit across the capacitor and drives the output high.

5V T H15Y

O +V,
Ir RESET cc
i T ™
. . Ty .
Tmissta DISCHARGE .
NORMALLY ' Q—? 7 4
“ONTLEAD . : ' ’
THRESHOL
| LMSSS § eih0L0
| LONTAOL
oUTPUT VOLTAGE :
S T1 =
NORMALLY § o v
“OFF” LOA 1N
OFF~ LOAD T0u.F
! L I_ }
L

FICURE 1. Monostable -

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R, C, at the end of which
time the voltagz equals 2/3 V. The comparator then
resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 2 shows
the waveforms generated in this mode of aperation.
Since the charge and the threshold level of the com-
parator are hoth directly proportional to supply voitage,
the timing internai is independent of supply. '

EIEERI
T3
| :

I

|
|
1

s

A TA T AT A
i L/ E ]

Yoo = 5¥ Tog Trace: Inyut 5¥/Dn,
TIME » 43 mu DIV, Muddln Traea: Qutpat 5Vilhy,

A Bettem Tracu: Capaestor Yoltage 2VJ/ O,
C=00t.F

FIGURE 2. Monostabla Waveforms

‘DUr.ing' the timing. cycle when the output is high, the
" further application of a trigger pulse will not effect the

circuit, However the circuit can ba reset during this time
by the application of a negative pulse to the reset
terminal (pin 4). The output will then remain in the low
state until a tngger puise is’ agam applied.

s

"When the reset function is not in use, it is recommended

that it be connected to Ve to avoid any posmbzhty of

false tnggermg

Figure 3 is a nomograph for easy detcrmlnat!on of R, C
values forvarlous time delays. ‘ : .
NOTE or opwatiig hle operztion, the triggt,r should be
driver ce of +45° C;WJuncuun f timing cycle.

. 2: Supply current wlaen output !

A% 3: Testod at Ve 5V and Veg

[fzto 4; This will determine the maximan in Figure 4 (pms p
a0te B No protection sgainst excassiversolf and free run as a

1ca
-~ 18
u_
2 -
wi .
«
=
<=
=
2
= 01
o
o
0.01
£.001
1M02s100us Ims 1Bmsi32ms 1y [0s 100s
1, - TPME DELXY
FIGURE 3. Time Datay
multivibrator. The external czgzcitor "ﬂarms throuzh

Ra + Rg and dischargss througt R
cycle may be precisely set by thz -
resistors.

5. 1hus the duty
2o of these twg

¥ )__"'“""—"""-::’_Q “Ves

PiaVaVAVIN

|

!4
. _“_U__,

-

i

FIGURE 4. Astanis

In this mode of operation, the czpaciior charges and

discharges between 1/3 Vpe end 2/3 Veoe. As in the
triggered mode, theqharg: ang cichurge umes, and thare-
fore the frequency are independent of th2 supply voitage.

Figure 5 shows the waveforms genzratad in this mocde

of aperation. -
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FIGURE 5. Astable Waveicrms

The charge time {output high) is given oy:

1y =06893 Ry 2 B30 C
And the discharge time (output low! Dy
tp =0.693 (P=; C

Thus the total paried is: -

T=1y t1y = 0833 (R4 +2
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The frequency of oscillation is:

1 1.44 _ '
== b :_r_w
T {Ra+2Rg)C o

' ’ ] ! i,:
Figure 6 may be used for quick determination of these ves e
RC VEIUES. B Cj‘“
. - ¢ RN
. le i Rs ~ T iR
The duty cycle is: = — |l ;
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:1 FIGURE 8. Pulse Width Maculater
w i
z :’
= {
o ]
EI PULSE POSITION MODULATOR - i
o ‘ R L ) , !
,R“Ha, \ \\ This application uses the timer connccied for sctohle |
0.001 operation, as in Figure 10, with & modulating signat |
[ o 1k 0k 120k again appiied to the control voliage terminal. The rulse f
{— FACE.RUNNING FREQUENCY {H2) position varips with the modulating sional, sivcz ‘
threshold voitage and hence the & s i
FIGURE 6. Free Running Freguenc . ‘ i
_ ) § Freq Y Figure 17 shows the waveforms genzrazed 750 2 oyl :
) wave modulation signal, !
FREQUENCY DIVIDER : = ) !
The monostable circuit of Figure 7 can be used as a :
frequency divider by adjusting the length of the timing : ) o
cycle. Figure 7 shows the waveforms generated in a )
divice by three circu:r, { : ; i <
P e i §
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Nhen the timer is connected in the monostable made - . I N/ T '\; i
ind iriggered with a continuous pulse train, the output - j R g !
20lse width ¢an be modulated by a signal applied to pin I R Vo f
5. Figure 8 shows the circuit, and in Figure 9 are some T LI I . i
waveform examples, T F i |
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= When the pullup resistor, Ry, in the ronastani oj-e it |
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