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Tutorial

The Versatile 555:
How It Works, How To Use It

A comprehensive examination of one of the most
popular integrated circuit timers along with guidelines

on how you can use it in your own projects.

By Duane M. Perkins

orking with integrated cir-

cuit timers can provide you

with some of the mostinter-
esting and enlightening experiences
you’re ever likely to encounter in
electronics experimenting. They can
be used for building clocks, trigger-
ing automatic devices, pulsing test
gear—or in other experiments limit-
ed only by your imagination.

One of the most popular IC timers
is the versatile 555, which is intended
for use as a multivibrator in either a
monostable or an astable mode. The
following is an explanation of how

the 555 works and how you can use it
in your own projects.

The 555 contains two compara-
tors, a flip-flop, an inverting amplifi-
er, a voltage-divider network, an npn
transistor and a pnp transistor, all
connected internally as shown in Fig-
ure 1. Although you could build your
own timer with discrete components,
the ready-to-use 555 timer in its 8-pin
DIP package is a great deal simpler to
use and costs only a fraction of what
you would have to pay for discrete
components.

Power Supply

The supply potential that can be ap-
plied to a 555 timer IC can be as great
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as 15 volts or as small as 5 volts. This
means that the 555 can be directly in-
terfaced with TTL and most other
families of digital ICs. Its output can
source or sink 200 mA, a current suf-
ficient to drive devices that consume
modest amounts of power, including
small relays, loudspeakers, low-pow-
er incandescent lamps, motors, or the
primary of a suitable transformer.

Internal Functions

Each resistance element of the volt-
age divider is the same, about 5000
ohms (5k). If pin § is open, two-thirds
of V¢ is applied to the inverting (—)
input of the threshold comparator,
and one-third is applied to the nonin-
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With the constant-current charging
source shown in Fig. 3, charging rate
can be varied by coupling a signal to
the base of thetransistor. Pulse width
will vary linearly with signal voltage
variation. The charging interval must
be shorter than the triggering inter-
val, and the trigger pulse should be
short to prevent holding the output
high beyond the length of the charg-
ing interval.

Voice-frequency signals can also
be transmitted on the pulses with
good results, but only if the carrier
frequency (input at pin 2) is many
times the highest andio frequency
component of the signal.

If the output of a monostable cir-
cuit is used to actuate a voltmeter (or
a milliameter in series with a suitable
resistance), the meter reading will be
proportional to the trigger frequen-
¢y. Since pulse width is fixed, the ra-
tio of pulse width to triggering period
will increase with frequency. The me-
ter will respond to the average volt-
age level because of the inertia of the
pointer’s movement.

At low frequencies, a capacitor
can be used to integrate the pulses
and prevent vibration of the meter’s
pointer. To prevent the meter read-
ing from being affected by supply
voltage variations, regulate either the
supply voltage or the output current.
A circuit like this can be the basis for
a frequency meter or tachometer.

If there is a provision in the exter-
nal circuit that allows the timing ca-
pacitor to discharge whenever a trig-
ger pulse arrives, the circuit can be
continually retriggered during the
charging interval. Such a circuit is
shown in Fig. 4. The output remains
high as long as the interval between
trigger pulses is shorter than the
charging interval set by the timing ca-
pacitor and resistors. The circuit
functions as a missing-pulse detec-
tor, since the output goes low ifa trig-
ger pulse does not arrive before the
charging interval has elapsed.

One possible use for the Fig. 4 cir-
cuit would be to start and stop a cas-
sette recorder under voice control.
An amplified signal from the micro-

phone provides the trigger pulses,
and the output could be used to oper-
ate a relay that opens or closes a cir-
cuit to the remote control jack of the
cassette recorder.

Astable Operation

In its astable mode, the 555’s circuit
is free-running. To obtain free-run-
ning operation simply connect pin 2
to pin 6. When the charge on the ca-
pacitor drops to less than half the
voltage at pin 5, the trigger compara-
tor output goes high, resetting the
flip-flop. The timing capacitor then
begins to charge. When the charge
voltage exceeds the potential at pin 5,
the threshold comparator goes high
and sets the flip-flop. The cycle re-
peats continuously.

The frequency of oscillation can be
determined by calculating the sum of
the charge and discharge times, and
taking the reciprocal of the result.
The charge on the capacitor will vary
between the two limits set by the ref-
erence voltages on the comparators.
The charging interval can be calculat-
ed using the formula given above for
the monostable circuit, recognizing
that Vg will be one-half of V.

The discharge interval is calculated
from formula F, and the frequency
of oscillation with formula G.

If pin 5 is open, the charging inter-
val is determined using formula H,
and the frequency will be calculated
as in formula I.

The maximum possible frequency
is limited by two considerations. At-
tempts to reduce the value of the tim-
ing capacitor below about 0.001 uF
will be significantly affected by inter-
nal capacitance. The device can
sometimes be made to oscillate on in-
ternal capacitance alone, but if the
frequency is to be determined by the
value of the timing capacitor, it
should not be less than 0.001 uF.

Attempts to reduce the resistance
of RI+ R2 will increase the current
through QI during the discharge in-
terval. This current is the sum of V¢
divided by R1 plus the instantaneous
discharge current. While the value of
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R2 can be safely reduced to zero, the
value of R/ must be high enough to
avoid swamping Q! or even destroy-
ing it with excessive current. A cur-
rent of 15 mA is within the safe range.
Frequencies well beyond 100 kHz are
attainable.

The minimum possible frequency
is limited only by the value of the tim-
ing capacitor, but care must be taken
to assure that the current through Q/
is not excessive. With a high-value ca-
pacitor and a low value for R2, the
high discharge current could destroy
QI. However, the resistance of
R+ R2 should not exceed about 3.3
megohms and should be low com-
pared to the actual leakage of the tim-
ing capacitor used.

IfRI = 1k, R2 = 3.3M,C=104F
and there is no leakage, then formula
J applies and the period will be one
cycle every 45.9 seconds.

The astable circuit can be triggered
at any time during the discharge in-
terval. This can be accomplished by
connecting a resistor between pins 2
and 6 and coupling the trigger pulse
to pin 2 through another resistor. The
resistances must be chosen so that the
potential at pin 2 will go below the
trigger reference level while pin 6 is
high. In this way, the circuit can be
made to lock-in on a frequency that is
somewhat greater than the free-run-
ning frequency.

If the trigger frequency is slightly
greater than a multiple of the free-
running frequency, the trigger pulses
that occur during the charging inter-
val will beignored and the circuit will
lock-in on a submultiple of the trig-
ger frequency. The circuit then acts
as a frequency divider. The monosta-
ble circuit will act in the same manner
but will not be free running in the ab-
sense of trigger pulses.

The astable circuit is not capable of
generating a symmetrical square
wave. The charging interval must ex-
ceed the discharge interval because
the capacitor charges through R/ and

Continued on page 100
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