FIG. 16—CIRCUIT FOR APPLYING AC-
COUPLED FM or PPM to a 555 config-
ured as an oscillator, a, and waveforms
at output of pin 3, b.

F1G. 17—CIRCUIT FOR APPLYING A DC-
COUPLED FM or PPM to a 555 config-
ured as an oscillator.

RESET pins.

In Fig. 11-b, the precise cir-
cuit waveforms at outpuT pin 3
and across C1 are shown. It can
be seen that the duration of the
first half-cycle of oscillation is
considerably longer than the
succeeding half cycles because
of the time for Cl1 to charge to
two-thirds of the supply voltage.
Also, note that when the astable
mode is turned off, the C1 volt-

FIG. 18—CIRCUIT GENERATES 800-Hz
MONOTONE ALARM that operates from
750-milliwatts.

FIG. 19—CIRCUIT GENERATES 800-Hz
MONOSTABLE ALARM.

age decays slowly to zero; the
output at outpuT pin 3 is zero
volts in the oFr condition. The
waveform characteristics of Fig.
12-a are similar as shown in Fig.
12-b.

Figure 13-a shows an alter-
native method for triggering the
555 in the astable mode. Here
transistor Q1 is normally biased
on by R1, so it acts like a closed
switch, which pulls the junc-

tion of C1 and R4 close to zero
volts through R2 preventing os-
cillation. When pushbutton
switch S1 is closed, Q1 is biased
off, and the astable circuit is
free to oscillate normally.

Refer to Fig. 13-b for the wave-
forms of the circuit in Fig. 13-a.
When the astable response is
triggered on, the first half cycle
is again considerably longer
than in succeeding half cycles,
and that the voltage on C1 de-
cays rapidly to nearly zero volts
when the trigger is off. Also
notice that output pin 3 is high
in the oFF state.

Figure 14 shows how the cir-
cuit in Fig. 13-a can be modified
to give press-to-turn-off oscilla-
tion simply by replacing Q1 with
a pushbutton switch. A digital
signal can trigger this circuit if
a diode is connected as shown
in the diagram and the push-
button Sl is deleted. With Sl re-
moved, the circuit will be
turned off when the input sig-
nal voltage is reduced below
one-third of the supply voltage.
The waveform is shown in Fig.
14-b.

Finally, to complete this look
at triggering techniques, Fig.

FIG. 20 CIRCUIT GENERATES 800-Hz PULSED-TONE ALARM.

15-a shows how the Fig. 13-a cir-
cuit can be modified so that the
duration of its first half-cycle is
almost equal to that of all suc-
ceeding half-cycles, thus giving
precision operation. In the Fig.
15-a circuit, when pushbutton
switch S1 is open, Ql is satu-
rated, so the voltage divider
made up of R2 and R3 pulls the
junction of R5 and Cl1 to slightly
below one-third of the supply
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FIG. 21—CIRCUIT GENERATES WARBLE ALARM of European emergency vehicles.
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connected to part of the internal
voltage divider chain of the 555.
The AC modulation signal is fed
to pin 5 through a blocking ca-
pacitor, as in Fig. 16-a, or the
DC modulation signal can be
fed directly to pin 5, as shown in
Fig. 17.

The voltage on pin 5 of the
Fig. 15-a circuit alters the width
of the pulses in each timing cy-
cle of the 555, but it has almost
no effect on the space duration.
The signal at pin 5 changes the
PPM pulse width position, af-
fecting the total cycle period so
italso influences the output fre-
quency, as shown in Fig. 16-b.
In so doing, pin 3 provides a fre-
quency-modulated signal.
Those characteristics of the 555
are useful for generating special
waveforms.

Alarms and sirens

Some of the most popular ap-
plications for the 555 organized
as an astable multivibrator are
as waveform generators for
loudspeakers. They can pro-
duce alarm and siren sounds.
Figures 18 to 23 show different
ways to create those sounds. All
of the circuits in those figures
are triggered by making or
breaking their supply-voltage
connections.

Figure 18 shows an 800-Hz
monotone alarm-call generator
circuit, which can be powered
by any 5- to 15-volt DC supply.
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FIG. 23.—CIRCUIT GENERATES PENETRATING ALARM of Star Trek spaceship.

voltage through diode D1, thus
turning the circuit off. When S1
is closed, Q1 turns off, D1 is re-
verse biased through R2, and

the circuit is then free to oscil-
late normally.

Notice in Fig. 15-b that when
Sl is first closed, Cl starts to

any impedance value. Note,
however, that Ry must be wired
in series with any speaker
whose total impedances is less
than 75 ohms. Select a resistor
to give a total series resistance
with the speaker of 75 ohms.

continued on page 94
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Refer to Fig. 3-b. Pulse width
(or time to charge capacitor C1
is:

t, = 0.7 C1 (Rl +R2)
Space length or time to dis-
charge capacitor Cl1 is:

t, = 0.7 C1IR2
The total cycle time is:
Tt + i,

The ratio of pulse width to the
total cycle time is the duty cycle.
In a 555-based oscillator, the
duty cycle is defined by the rela-
tive values of the two timing re-
sistors R1 and R2:

Duty cycle = R2/(R1 +2R2)
Frequency in hertz (Hz) is the
reciprocal of total cycle time:
F = I/T.

The circuit in Fig. 3-a can be
modified in many different
ways. Figure 5, for example,
shows how it can be made intoa
variable-frequency square-wave
generator by replacing R2 with
a fixed resistor and potentiome-
ter in series. The frequency can
be varied over a range of about
650 Hz to 7.2 kHz with the val-
ues of the resistor and potenti-
ometer R3 shown. If required.
the frequency span can be fur-
ther increased by switch-select-
ing alternative values of C1.

K. _+5VTO+15V

QUTPUT

FIG. 8—A 1.2 kHz OSCILLATOR with a
duty cycle variable from 1 to 99%.

Width-space control

The circuit in Fig. 3-a can
generate a fixed-frequency out-
put waveform with any desired
pulse width-to-space length
ratio:by selecting the appropri-
ate valuesfor R1and R2. In each
operating cyele, C1 alternately
charges through.R1 and R2,

and discharges only through
R2. For example, if Rl and R2
have equal values, the circuit
will generate a 2:1 width-to-
space ratio.

The width-to-space periods
can be independently controlled
with either the Figs. 6 or 7. In
Fig. 6. C1 alternately charges
through R1, diode D1, and po-
tentiometer R3, and it dis-

charges through potentiometer -

R4, diode D2, and R2. In Fig. 7,
C1 alternately charges through
R1, potentiometer R3, and di-
ode D1, and it discharges
through potentiometer R4, di-
ode D2, and R2. In both Fig. 6
and 7 circuits, R2 protects the
555 if potentiometer R4 is
shorted.

+5VTO+15V
<R1
R FIK ‘ :
1K : 8 4
e z
D2 D1
1N4148 | 14148
555
R3 2
100K
6 3
| 5
(H] c2

~ ouTPUT

0 01 T I

FIG. 9—AN ALTERNATE VERSION OF
OSCILLATOR shown in Fig. 8.
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FIG. 10—A PRECISION LOW-FREQUEN-
CY OSCILLATOR with a frequency of
about 20 Hz.

In the circuits of Figs. 6 and
7. the width-to-space periods
can be independently varied
over about a 100:1 range, en-

Fi

abling the width-to-space ratio
to be varied from 100:1 to 1:100.
The oscillation frequency varies
as the ratio is altered.

Figures 8 and 9 show alter-
nate ways of connecting the 555
in the astable mode so that the
width-to-space ratio can be var-
ied without altering the oscillat-
ing frequency. In those circuits,
the pulse width period automat-
ically increases as the space
length period decreases, and
vice versa. Therefore, the total
period of each operating cycle is
constant. In those circuits, the
feature of interest is the duty
cycle. In Figs. 8 and 9, the duty
cycle can be varied from 1% to
99% with potentiometer R3.

In the circuit of Fig. 8, Cl al-
ternately charges through R1,
the upper half of R3, and D1,
and it discharges through D2,
R2. and the lower half of poten-
tiometer R3. In Fig. 9, Cl alter-
nately charges through Rl and
D1 and the right-hand half of
potentiometer R3, and it dis-
charges through the left-hand
half potentiometer R3, D2, and
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FIG. 11—GATED 1-kHz OSCILLATOR of-
fering ‘‘press-to-turn-on” operation,
a,CFHB and waveforms at output ofpin3
and across C1, b.
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FIG. 12—GATED 1-kHz OSCILLATOR of-
fering “press-to-turn-off” operation, a,
and waveforms at output of pin 3 and
across C1, b. :
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'3 FIG. 13—ALTERNATIVE GATED 1-kHz

2 OSCILLATOR offering “‘press-to-turn-

» on” operation, a, and waveforms at out-

£ putof pin 3 and across C1, b.

o

§ R2. Both circuits oscillate at
about 1.2 kHz with the value of

72 Cl shown.

Precision astable circuit

In the description of astable
multivibrator operation given
earlier in this article, it was
stated that in the first half cycle
of oscillation timing capacitor
Cl charges from zero volts to
two-thirds of the supply voltage,
but in all subsequent half-cy-
cles it either discharges from
two-thirds to one-third of the
supply voltage or charges from
one-third to two-thirds of that
voltage. Consequently, the first
half cycle of oscillation has a far
longer period than all subse-
quent half cycles.
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FIG. 14—ALTERNATIVE GATED 1-kHz
OSCILLATOR offering “‘press-to-turn-
off” operation, 1a and waveforms at out-
put of pin 3, b.

In applications calling for a
low-frequency clock signal, this
large differential in period can
cause a timing problem. How-
ever, this problem can be aver-
ted by adding an external
voltage divider and diode as
shown in Fig. 10. Those compo-
nents bias C1 to a point slightly
below one-third of the supply
voltage (rather than zero volts)
at the moment of switch-on.
Here, R1 rapidly charges Cl1 to
one-third of the supply voltage
through D1 at switch-on, and all
of the C1 charge is subsequently
controlled by R3 and/or R4 only.
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FIG. 15—PRECISION VERSION OF THE
OSCILLATOR in Fig. 13, a, and wave-
forms at output of pin 3 and across C1,b.

Astable gating

The 555 in the astable multi-
vibrator mode can be triggered
ON and ofFF in many different
ways with either an elec-
tromechanical switch or an
electronic signal. The most pop-
ular way to trigger the 555 is
through rReser pin 4. Figures
11-a and 12-a show alternative
ways of triggering the 555 with
this pin and pushbutton switch
S1

The 555 is organized so that if
pin 4 is biased above about 0.7
volts, the astable mode is en-
abled. But if it is biased below
0.7 volts by a current greater
than 0.1 milliampere (by
grounding pin 4 with a resis-
tance less than 7 kilohms, for
example) the astable mode is
disabled, and the 555% output
is biased low.

For example, the circuit in
Fig. 11-a is normally turned off
by R3, but it can be turned on by
closing pushbutton switch SI,
which biases pin 4 high. Figure
12-a shows an astable circuit
that is normally on, but it can
be turned off by closing push-
button switch S1, which shorts
Pin 4 to ground. The circuits in
Figs. 11 and 12 can aiso be trig-
gered by applying suitable elec-
tronic signals directly to their




