555 turns 60 Hz
into 60 clean
square waves

Engineer's newsletter

You can use a 555 timer to isolate a system like a digital clock from line
noise and transients as well as produce a clean square wave at line
frequency, says Wistar Macomson of Boston, Mass. To lock the 555 into
synchronism with the 60-hertz line frequency, you select the RC network
for oscillation at or near 60 Hz. Then all you have to do is connect the
timer as an astable multivibrator in accordance with the manufacturer’s
literature, except that you don’t ground the control-voltage input, pin 5—
you just leave it unconnected. A low-ripple power supply is unnecessary,
adds Macomson, and a battery backup will also keep the 555 running,
although then it may drift off 60 Hz.
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IC timer circuit
yields 50% duty cycle

by Frank N. Cicchiello

Geometric Data Corp., Wayne, Pa.

When a 555 timer is operated as an astable multivibra-
tor, it normally produces a pulse-type digital output
waveform that has a limited duty cycle. Circuit arrange-
ments that allow the 555 to operate with a 50% duty
cycle square-wave output may be rather complex, and
marny are unstable. However, the simple circuit shown
here produces a stable square wave with a duty cycle of
50% %1%. This circuit has no tendency toward hesitant
starting or latch-up.

As a start, assume capacitor C; to be uncharged.
When this is so, a zero-volt signal level is applied to the
IC’s internal comparator (as seen at pin 6) when power
is first turned on. This, in turn, means that the digital

output (pin 3), to which resistor R, is returned, is at
Vce. Therefore, Cy charges exponentially toward Vee
through resistor R;. When the voltage across capacitor
C; reaches a value of 2/3 V¢, as seen at pin 6, the IC’s
internal comparator triggers its internal flip-flop, caus-
ing the output (pin 3) to switch to 0 v or ground level.

Now capacitor C; discharges toward 0 v through re-
sistor R, until the voltage V¢, drops to a level of 3 Ve,
as seen at pin 2, the IC’s internal trigger circuit. At this
point, the IC’s internal flip-flop causes the digital output
to switch back to the V¢ level, reestablishing the cir-
cuit’s original conditions for charging C;.

Connecting the trigger to the threshold inputs (pins 2
and 6) produces continued free-running or astable oper-
ation of the multivibrator, since these two circuits alter-
nately control the IC’s internal flip-flop/output circuit. It
also means that the charging cycle need not start with O
V across capacitor C; as previously explained, but may
just as well begin its operation on the negative-going
slope of Cy’s waveform.

Resistor Ry is a pull-up resistor, which ensures that
the digital output voltage level at pin 3 closely approxi-
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input. Circuit operation follows the formula:

t1 =ty = 0.693 R1Cy
T= I1 + 12 = 1386R1C1

so t; and {; are each equal to half of the period of the
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f (DESIGN) €, R, (CALCULATED) | R, (ACTUAL) | f{ACTUAL) All squared away. Free-running multivibrator built around 555 I1C
(kH2) {uF) (k€2 (k) (kHz) has 50% duty cycle because time constants for both charge and dis-
charge are set by R;C,. Conventional discharge terminal (pin 7) is
01 0.05 1843 150 0.0962 not connected in this arrangement. For values of supply voltage Vee
anywhere in the range from 5 to 15 volts, the actual output fre-
! 0.01 722 75 0.962 guencies will not vary from those shown in table by more than 1%.
5 0.0 14.4 15 481
50 0.001 144 15 153 mates Vee. Without it, the TTL-compatible output of the
circuit may drop below this desired value. Capacitor C;
is a bypass capacitor on the IC’s unused voltage-control
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output, and T is the period.

The resistance of R; should be at least 10 times the
value of R; but otherwise can be varied without upset-
ting the duty cycle. Transients occur in circuits that dis-
charge C; rapidly, but they don’t in this circuit. O




Microprocessor converts
pot position to digits

by John M. Schulein
Aeronutronic Ford Corp., Palo Alto, Calif.

A few bytes of program in an 8008/8080 micro-
processor, plus a 555 integrated-circuit timer, can con-
vert the position of a potentiometer into a digital value.
The arrangement is both economical and convenient
when the position data is an input to a system already
using the microprocessor, such as an industrial control
system or a video game.

As the figure shows, a strobe pulse from the micro-
processor triggers a 555 connected as a one-shot multi-
vibrator. The output from the 555 stays high for a pe-
riod of time that is proportional to the resistance of the
pot. To measure this time period, the processor incre-
ments an internal register for as long as its input (D7)
from the 555 remains high.

When data on the pot position is required, the micro-
processor program calls up the POTPOS subroutine,
which uses four flags, the accumulator, and the B regis-
ter. In this subroutine, as the table shows, the processor:
Sets register B to 0.

Triggers the 555.

Increments register B.

Inputs the status of the 555 to bit D7 of the ac-
cumulator.

5. Sets a sign flag minus if status is high.

6. Jumps back to step 3 if flag is minus.

7. Returns to main program if flag is not minus.

Upon return to the main program, register B contains a
number that measures the 555 output pulse duration
and hence is a digital representation of the pot position.
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NOTE: Register B contains the pot position on exit.

Where is the pot? Potentiometer position is digitized by one-shot
multivibrator and subroutine for the 8008/8080 microprocessors.
When program calls subroutine, processor triggers one-shot and
measures output pulse duration (which is proportional to resistance
of pot). Register B stores this value for use in computation of next
step in a TV game, process control, etc.

When the hardware and software are used on an 8008
system with a 2.5-microsecond clock, the B register dig-
ital output varies from 2 to 65 Hex, i.e., has 100 differ-
ent values, as the potentiometer is varied across its
range. The values of the pot and the timing capacitor
can be modified to suit the speed of the processor and
the desired range of the digitized output. O




Triangular waves from 555
have adjustable symmetry

by Devlin M. Gualtieri
University of Pittsburgh, Pittsburgh, Pa.

The fixed-frequency triangular waveform so often re-
quired in pulse-duration modulators or sweep gener-
ators too often turns out costly to implement. Though
operational-amplifier circuits can develop a triangular
wave by integration of a square wave, the tips of the
triangle become blunt at frequencies above 10 kilohertz
unless expensive devices with high slewing rates are
used. Also, though single-package voltage-controlled
oscillators provide triangular output, they are not cost-
effective for fixed-frequency applications, and most
have high current drain. However, an inexpensive 555
timer and some transistors can generate triangular
waves at frequencies up to about 100 kHz.

The circuit shown generates a triangular waveform
by alternately charging and discharging a capacitor.
The transistors Q; and Q. with their zeners act as a
switched-current source and a switched-current sink
that are activated by Qz. When Q3 is on so that its col-
lector is low, the Q; current source is switched on, and a

current i charges capacitor C. The linear voltage ramp
that appears across C corresponds to the charging law
dv/dt = 1/C.

Voltage V across the capacitor increases until it
reaches a level that is two thirds of the supply voltage,
which is the upper trip point of the 555 timer. The volt-
age at pin 3 of the timer then goes low, turning off Qs.
Since the collector of Qg is thus made high, the Q; cur-
rent source is deactivated, and the Q: current sink is
switched on. The capacitor is discharged by iz until the
lower trip point of the 555 timer is reached, at one third
of the supply voltage. At this point the 555 changes
state and the cycle repeats. Thus the output voltage
varies from 4 v to 8 v if the supply is 12 v.

Q. and Q; may be any high-gain pnp and npn tran-
sistors, such as 2N3638 and 2N3646. Q3 may be any
npn switching transistor, such as 2N3646. The forward
voltage drops of D; and D, ensure turn-off of Q; and
Q2. Resistor Rz is a symmetry adjustment, controlling
the discharge rate of C by varying iz. For the values
shown, the frequency in hertz of the symmetrical
triangular wave form is roughty 75/C, where C is in mi-
crofarads; thus, C determines the frequency. O

Have you used a microprocessor to replace either hard-wired or mechanical logic in a cir-
cuit or made some other use of these versatile devices? Engineers who are just starting to
design with microprocessors would be interested in learning about your experiences. We'll
pay $50 for each microprocessor item published, as we do for all published Designer’'s
Casebook ideas. Please send them to our Circuit Design Editor, summarizing the problem
and how a microprocessor provides a novel solution.
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Ups and downs. Triangular waveform is generated across capacitor C by alternately charging and discharging through emitter-foliower con-
stant-current sources consisting of transistors Q; and Q, plus their zener diodes. Current sources are turned on and off by 555 timer.
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Generator’s duty cycle
stays constant under load

by Arthur R. Klinger
School of Health Care Sciences, Sheppard AFB, Wichita Falls, Texas

In the 555 timer, configured as a square-wave gener-
ator, adding one transistor and a diode to the RC timing
network permits the frequency to be varied over a wide
range while maintaining a constant 50% duty cycle [see
also Electronics, Sept. 19, p. 112].

In one simple configuration, a capacitor’s charge and
discharge currents flow through only one resistor. The
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Workhorse. This configuration of the 555 timer can drive a heavy
load without distorting its square-wave output, even over a very wide
frequency range, unlike simpler hockups.
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high and low periods should be equal at any frequency,
but, with heavy loads, the output may be offset by 1 volt
or more from V.. or ground. This varies the potentials
across the RC network, creating quite large changes in
duty cycle or frequency. Noise on the output lines can
also cause erratic changes in the periods.

The circuit shown in the diagram removes the timing
network from the output. While the timer’s output is
high, Q. is biased into saturation by Rs, so that charg-
ing current passes through Q: and R; to C. When the
output goes low, the discharge switch (pin 7) cuts off Q
and discharges the capacitor through R; and D;. With
the same impedance in both paths, the high and low pe-
riods of the square wave are equal.

Q1 should have a high 8 value so that Rz can be large
and still drive the transistor into saturation. With R»
large, the IC’s discharge transistor, which can sink 20 to
30 milliamperes, gets most of that current from the dis-
charging capacitor and very little through Re. The volt-
age drops in Q1, D1, and the internal discharge switch

decrease the effective voltage across Ry, causing the ac-
tual periods to be slightly longer than those given by the
astable and bistable formulas in the data sheets—
0.69RC and 1.1RC, respectively. A high-conductance
germanium or Schottky diode for D; would minimize
these diode-voltage drops in D; and Q.

For precise square waves, the on characteristic of Q1
should be the same as that of D; and the IC’s internal
pull-down switch. To optimize this balance, set the tim-
ing network to its highest frequency range, and adjust
R? while monitoring the square wave output. Once ad-
justed at this frequency, an excellent square wave is
maintained for all combinations of Ry and C;.

Since the usual current-limiting resistor is not needed,
the minimum value of R; can be as little as a few hun-
dred ohms. Such a small resistance carries large charge
and discharge currents, leading to a frequency range
twice as wide as the usual configuration provides. For
example, if R1 = 10 megohms, the frequency range can
exceed 20,000 to 1 for a single choice of C.



Timer 1Cs control
life-test cycling

by Joseph E. Fleagle
St. Louis, Mo.

Life tests on electromechanical devices like solenoids
and relays can be automated by a simple astable multi-
vibrator that uses two 555 timers (or one 556 dual
timer). The on and off times for the device under test
are independently adjustable to any value between 10
milliseconds and 1 second for a wide range of testing
rates and duty cycles. These times are adjusted by the
settings of 10-turn potentiometers; the dial readings in
milliseconds are accurate to within £5%. Supply-voltage
fluctuations have negligible effect on the timing,.

When power is initially applied to the circuit, timer 1
triggers immediately because the trigger terminal of
timer 1 is low, since C; is uncharged, and the trigger ter-
minal of timer 2 is high. Upon expiration of the output
pulse from timer 1, the negative-going pulse triggers

timer 2. The output from timer 2 turns on transistor Qj,
thus grounding the reset terminal of 1 to prevent retrig-
gering until the output of 2 expires. When Qy goes on, it
also turns on Qg, which boosts the output current to 2
amperes. Diode D; and zener diode D; form a suppres-
sion network to protect Q2 from destructive back volt-
ages from inductive loads.

Adjustment for direct reading of the on and off times
is straightforward. To set the off time, connect a scope
to the output of timer 1 and adjust potentiometer Rg for
minimum resistance.

While holding the shaft of the pot so that it cannot
rotate, set the dial to display the time measured on the
scope; for example, if the scope shows the output-pulse
duration is 10 milliseconds, adjust the dial to read 10.
Then tighten the set screw. Next, adjust Rg until the dial
reads 999, and change R; until the pulse width is 999
milliseconds. These two adjustments interact slightly, so
it may be necessary to repeat the steps once again.

The on time is calibrated in the same fashion, using
potentiometers Ry; and Rs. ]

Engineer's Notebook is a regular feature in Electronics. We invite readers to submit origina!
design shortcuts, calculation aids, measurement and test technigues, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.
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What a life. Device undergoing life test is cycled on and off by simpie astable multivibrator that uses two 555 timers or one 556 dual timer.
The on and off times, which are read directly from dials of potentiometers Rg and Ry, can be set independently to any value from 10 millisec-
onds to 1 second. Diodes shunting device under test protect Q, against back voltages from inductive loads.
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Positive pulse triggers
555 integrated-circuit timer

by Rudy Stefenel
San Jose, Calif.

Many applications require a circuit capable of producing
timing intervals, and the most popular monolithic timer
is the 555. Though versatile, this timer is limited by a
negative-going trigger input. However, a careful study of
the functional block diagram shows that pin 5, which is
connected to the noninverting input of comparator 2
through a resistor, can be treated as a positive-going

POSITIVE TRIGGER

trigger input point. Thus pin 5 can now serve both as ** »
control voltage input for which it was originally inten
by the 555 designers and as the positive trigger input.

Because the trigger pulse disappears by the time the
timing capacitor is charged to the control voltage, the
trigger input at pin S does not affect the control voltage.
The sensitivity of pin 5 to trigger input is controlled by
the voltage difference between it and pin 2. This is done
by connecting pin 2 to a voltage divider network.

As shown in figure, the monostable multivibrator
comprising the 555 timer is driven by the rising edge of
the positive-going input trigger pulses. Pin 2 is connected
to the center of the resistor network between supply and
ground. In addition, a bypass capacitor is connected at
pin 2 to make it insensitive to stray pulses coupled from
nearby circuits.

Trigger. The internal block diagram of IC
timer 555 shows that pin 5 is connected to
the noninverting input of the comparator 2
through a resistor and therefore can be used
as a positive-trigger-input terminal. The
monostable multivibrator consisting of timer e
555 and its gssociated circuitry is driven by

positive input pulses.

INPUT
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Vee
ke OO1HF
—AAA- ]‘-—01
4 [ T § )
555
TIMER OUTPUT
169




- Some interesting circuits using
the 555 timer-on-a-chip
BY WALTER G. JUNG
Contributing Editor

SOLID-STATE PERSPECTIVE-]....

N THYE November 1973 issue of PoeuLan
Evectrontas (“The IC Time Machine,”

" p 54), we discussed the basic operation of

the 555 integrated circuit timer chip. Now
that we understand the principles, let’s sce
" haw some practical a?piications work.

'+ Below, and on following pagoes, arc five
interesting und useful eivcuits that are easily
" builty Note the wide range of areas in which
" these circuits can be wsed.
~ Of course, the story of the IC “time ma-
* ching™ is by no means complete with these
applications, We have barely scratched the

surface with the circuits given here, but we
hope that we have suggested some new
ideas that will be-useful in designing new
projects.

In a case like this, the hest approach to
new circnit design is to understand fully the

- internal workings of the IC itself and know

just what the inputs and outputs are at each
pin. Then let the imagination go to work.

The best way to do this is to make a

“breadbhoard” and play with the IC, using
different connections und varying the ex-
ternal components,

A WARBLE ALARM CIRCUIT
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~The warble alarm circuit shown on the
~posite page uses two 555 IC’s as an
~ dio attention getter. The first 555, IC1,
« Scillates at a frequency slightly below
10 Hz. Its rectangular output is filtered
by RIC1 to produce a triangle wave,
which in turn is used to frequency modu-
late IC2. The latter is operated at approx-
imately 1 kHz and is modulated at a
5-Hz rate.
The output current of the 555 IC is
sufficient to drive a small speaker and R2

is used to prevent excessive loading, but

“the audible level of the tone produced is

still quite noticeable. The exact frequen-
cy, rate, and deviation of the circuit can
be easily modified to produce almost any
tvpe of warble sound desired. The on-off
control is most efficiently achieved by in-
terrupting the supply line so as to mini-
mize standby power. The switch can be
relay contacts or some other means of
applyving power when an alarm condition
is sensed.

SCHMITT TRIGGER OR BISTABLE BUFFER

Aside from its basic use in timing +570 +15V
functions, the 555 IC can be ap- 2r)
plied to advantage in other switch- siNe 100K
ing circuits. One example is the weur L ETaT 8 ol o ourpur
Schmitt trigger circuit shown here.
In this circuit, the two comparator |—1 555 INPUT _"""""_Iz//:::
inputs (pins 2 and 6) are tied to- cl i
gether and biased at half of the naal o slourPUT ' ]
applied de voltage through the volt- EI ’
age divider made up of RI and R2. 2 100K .leﬂ\
Since the upper comparator (pin 6)

will trip at % of the applied dc and

the lower one at % of the applied
voltage, the bias provided by resistors
R1 and R2 is centered within the com-
parators’ trip limits.

A sine-wave input of sufficient ampli-
tudé to exceed the reference levels causes
the internal flip-flop to be set and reset. In
this way, it creates a square wave at the
output. As long as RI is equal in value to
R2, the 555 will be automatically biased
correctly for almost any supply voltage.
Note that the output waveform (as shown
in the diagram above) is 180 degrees out
of phase with the applied input sine wave.
Because of the 555’ high output current
capability, this circuit can be used to
good purpose as a signal shaper/buffer
circuit.

Such a circuit can also find application
if you have a sine-wave-only audio gen-
erator and you would also like to have
a simultaneous square-wave output. The
major advantage of this circuit is that,

=

unlike a conventional multivibrator type
of squarer, which divides the incoming
frequency in half to square it, the Schmitt
trigger simply squares the input frequen-
cy without changing the frequency. A
circuit of this type can easily be installed
within almost any audio generator.

Inverting Bistable Buffer. By modifying
the input time constant of the circuit
shown above (reducing the value of in-
put capacitor CI to 0.001 microfarad,
for example) so that input pulses will be
differentiated, the arrangement can also
be used as either a bistable device or to
invert pulse waveforms. In the latter case,
the fast time constant of the combination
of C1 with RI and R2 causes only the
edges of the input pulse or rectangular
waveform to be passed. These pulses set
and reset the flip-flop; and a high-level,
inverted output is the result.

(More on next page)
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SQUARE-WAVE OSCILLATOR

A conventional astable circuit using a
555 IC does not normally produce a
symmetrical output waveform. However,
square waves can be obtained from a 555
by using the simple circuit shown here.

The assymetrv of a conventional a-
stable circuit is a result of the fact that
the charging and discharging time con-
stants are not equal. If the timing capaci-
tor can be charged and discharged
through the same (or equivalent) resis-
tance value, the symmetry can be re-
stored.

In the circuit shown here, capacitor C1
is charged through RI and R2 and it is
discharged through R2. If RI is made
very small in resistance compared to R2,
then both time constants will be reduced
so that thev depend essentially on R2
and CI.

The frequency of operation (f) of this
circuit is approximately equal to 1.43
divided by the product of R2 and CI.

The frequency is of course independent
of the supply voltage.
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OUTPUT DRIVE CONSIDERATIONS
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*SELECT FOR DESIRED LED CURRENT. +5V USE 1500, +I5V USE 6800

The 555 timer IC can provide up to
200 mA of output current in either its
high or low state. However, this-value
should not be considered too strictly since
some types of loads have a voltage limita-
tion. If, for example, the 555 is used with
a 3-volt supply to drive TTL logic, the
output current is limited to much less
than 200 mA because of the required
input voltage for the following TTL
stage. Since TTL output stages are nor-
mally specified for 0.4 volt at rated cur-

rent, a more realistic maximum output
current for the 555 is 5 mA, which is far
less that the 200 mA specified.

Other types of loads, such as incan-
descent lamps, relays or light-emitting
diodes are not as critical in terms or volt-
age and they can be driven by using the
circuit shown above. Depending on the
logic involved in the application, these
types of loads can be connected from pin
3 to either +V or ground. In a timer such
as that shown in (A) above, the output

POPULAR ELECTRONICS
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{(pin 3) is normally at the ground poten-
tial and goes high during the timing
interval. Therefore, a LED connected as
shown at left will be on when pin 3 is
low, and it will go off when pin 3 is high
(during the timing cycle).

Since a 535 can operate over a wide
de supply range and a light-emitting di-
ode requires about 1.6 volts. a series re-
sistor (Rs) is used to drop the excess
voltage and limit the LED current.

Relavs can be driven as shown in this
circuit by selecting a'relay that is com-
patible with the applied de. Of course,

it will have to have the contact arrange-
ment desired. Since the 555 has a healthy
current output, the relay selected need
not be particularly sensitive.

This permits relays rated at 12 volts
and 100 mA to be used. The diode across
the relay coil is used to prevent the back
emf from damaging the IC chip. If the
current demand is not too high, both an
LED and a relay can be used at the same
time.

The connections shown at {B) are for
the opposite type of logic where the LED
is normally off and is pulsed on.

WIDE-RANGE PULSE GENERATOR

The most sophisticated of the 555
applications described here is the wide-
range pulse generator, whose circuit is
shown below.

This general-purpose pulse generator
consists of an astable oscillator (ICI)
whose output frequency can be varied
over a 10:1 range bv potentiometer RI
(frequency control). Range selection is
made by S1, with five ranges from 0.1
Hz to 10 kHz. Tantalum capacitors are
used for the two lower ranges, while
Mylar capacitors should be used for the
upper ranges. The output of IC1 feeds

internal or external signals for IC2, a
monostable circuit.

Integrated circuit IC2 is a monostable
generator whose output is a pulse with a
width that can be varied over a range of
10 to 1 by changing R2. Switch S3 pro-
vides five ranges from 100 microseconds
to 10 seconds. The output of the latter
stage consists of positive-going pulses
whose frequency (rate) and width can
be set to almost any desired values. If the
external mode of triggering IC2 is se-
lected, almost any negative-going pulse
can be applied to the exteral trigger

52, which can be used to select either input.
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Bistable action of 555
varies with manufacturer

by Robert W. Bockstahler

General Dynamics Corp., Pomona, Calif.

The 555 integrated circuit, which has myriad uses as a
timer and oscillator, can also function as a bistable flip-
flop in such applications as TTL-compatible drivers for
displays or latch elements for burglar alarms. This flip-
flop operates from many different supply voltages, uses
little power, and requires no external components other

than bypass capacitors in noisy environments.

Pin 2 (the trigger pin of the 555) is an active-low SET
function. Pin 4 (the reset of the 555) serves as an active-
low RESET, and pin 6 (threshold) as an active-high RE-
SET. Both the RESETs can be used, or just one, with the
other connected in its inactive state. The table shows
how the output responds to various input signals.

It is important to know the detailed characteristics of
the particular 555 used as a bistable element because
the circuitry differs from manufacturer to manufacturer,
and certain functions, therefore, interact differently.
The table points out, for example, that the threshold
overrides the trigger on the LM555H, but the trigger
overrides the threshold on the NES55V. O

Engineer’s Notebook is a regular teature in Electronics. We invite readers to submit original
design shortcuts, caiculation aids, measurement and test techmques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item putlished
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PING PIN 6 PIN 2 5-16V
(RESET) (THRESHOLD) (TRIGGER) Nﬂ;:?;m" S',[\?QSE%I\?S
(ACTIVE-LOW) | (ACTIVE-H!IGH) | (ACTIVE-LOW) | G
0.14F 1uF
ok bl
Ay 0 1 RESETS (L) | RESETS (1) ) =
1r . : . 5 TRIGGER i 3 OUTPUT
555
0 0 0 1 18] 'u'——4- RESET
U 1 0 0 U RESET 5 5
—— THRESHOLD
1 L 1 RESETS RESETS I
0.01 uF
1 n 0 1 1 l I
0 Il 1 0 0 — —
0 Il 0 0 0 .
Bistable operation. A 555 timer can be used as a set/reset flip-
1 0 L SETS (I} SETS (17 ) flop, with pin 2 as the active-low SET input. Pin 4 can be used as
1 1 U 0 _ﬂ_ active-low RESET input, with pin 6 inactive (i.e., low), or pin 6 can
be used as active-high RESET input, with pin 4 inactive (high); in
0 1L 0 0 the latter case, an LM555H performs somewhat differently from
5 i 5 an NE555V. Flip-tlop operation with both pin 4 and pin 6 as con-
U 8 trol inputs is also possible; for example, pin 4 might be the RESET
and pin 6 a power-on CLEAR.
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High-impedance op amp
extends 555 timer’s range

by Ronald Zane

University of California, Los Angeles, Calif.

The period of oscillation of the 555 timer can be
increased 20 times or more if the timing components are
replaced by a feedback loop containing a transistor and a
very-high-impedance input operational amplifier config-
ured as an integrator. The circuit is an inexpensive way
of generating timing periods of hours or days to control
industrial processes, to turn on lights in the home for
burglar protection, and for like applications.

As shown in the figure, resistor Rs and capacitor C
combine with the CA3140T op amp to make the inte-
grator that controls the period of oscillation in the 555.
The very low offset current of this op amp (typically 3
picoamperes but no greater than 30 pa) permits accurate
integration of very low input currents (100 pA). Thus it
ensures excellent control over the actual oscillation
times.

The timer, operating in its astable-multivibrator
mode, produces a change of state at pins 3 and 7 each
time the input signal requirements are met at the
threshold and trigger ports of the device. The output
moves low when the input at the threshold terminal is
greater than two thirds the supply voltage V.. It stays low

Jntil the trigger input detects decay of the input signal’s-

voltage to less than one third of V.. Then the output
assumes a high state.
Transistor Q, switches in accordance with pin 7 of the

-

555; point E, will be at ground when Q, is on, and at
V./2 when Q, is off, because of the voltage divider made
up of R, and R,. The voltage at E,, V,/4, is determined
by the divider made up of R¢ and R; (R,, R;, and R, in
series hardly affect the calculation).

When Q, is on, the current through R at the inverting
input of the op amp is thus:

(V/2-V./4) R, V,R,

I =

Rs(R;+Rs) = 4Rs(R; + RY)
and when it is off, the current is:
(0 — V/4) R, -V, R,

I'="R,R,+R,) = 4R, (R, +Ry)

The magnitudes of these currents are the same. The
integrator then operates on this input current. Because
its output is E; = dVi/dt = I/C by definition, and
because E; switches between one third and two thirds of
the supply voltage each cycle, the oscillator’s period is:

_ ¥ C L, 8(R;+RYRC
t_j: dv; R = 50 R;C

173 I

The low offset current of the op amp allows R;s to
assume values in the hundreds of megohms. Even when
R; equals 110 MQ, the current through it is 1.8 nanoam-
peres, far exceeding the op amp’s offset current.

If Ry is 110 MQ and C is 1 microfarad, the 555’s
period is 5,500 seconds. Since Rs; and C can be
increased, periods of 10 hours or more may be realized
with inexpensive components. If a 510-MQ resistor and a
10-uF capacitor is used in the integrator, the oscillation
period will be 70 hours. The bare 555, which may use a
maximum timing resistance of 20 MQ, coupled with a
10-uF capacitor for its timing capacitance, would have
an oscillation time of only 280 seconds. (]

v Time-magnification. Oscillation frequency
5— 158 v . of a 555 may be lowered 20 times or more if
ZR:(Q a low-input-current, integrating op amp is
CAB55E used to replace timing components. One
R oscillation every few days is possible if a
Mo igh- i is u ini .
ouTPUT P>k high-value capacitor, C, is used in integrator
6| THRESHOLD
2/3 Vg
R
6 kQ2 1 DISCHARGE
TRIGGER |
1/3 Vg
8 1
£y =Vs/2or 0 v GROUND 1=
o}
Ra R, 1
% 240 %390 Q 2N6000
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PERSONAL
TIMING
TESTER

BY J. R. DAVIES

OW accurate is your sense

of time? This little circuit,
employing a 555 IC, tests your timing
judgment by flashing a LED every 1.5
seconds (this interval can be
changed). If you press a pushbutton at
the right time, the LED will stay lit.

The LED is strobed on for 0.1 sec-
ond. Since human reaction time is on
the order of 0.3 second, you can't
catchthe LED onceitison. ltis neces-
sary to judge the time which has
passed after the LED turns off before
operating the test switch. A person
with a good sense of timing should be
able to “‘freeze’ the LED on 20 to 40%
of his attempts.

The circuit is basically an astable
multivibrator built around a 555 timer
IC. Switch S7 is the master ON/OFF
switch, and S2 is the pushbutton reac-
tion switch.

When not depressed, S2 is closed
and timing capacitor C7 starts to
charge up through resistors R2 and
R3. When the voltage across C7
reaches two-thirds of the supply volt-
age, the 555 changes states allowing
current to flow through LED71. When
pin 3 goes high, no current flows
through the LED.

Consequently, the LED glows only
during the discharge interval. Since
the capacitor charges through R2 and
A3, but discharges only through R3,
the discharge time is much less than
the charge time.

If S2is pushed atany time during the
cycle, the charge and discharge paths
are opened. The voltage across C7

'\gﬂ
LEDI 2
A\ £
4 8 7 "'
RI 3R
220 82K
+
IcH b tal—._L
3 s2 v —
6 ¢ W
1 5 2

remains fixed, and the output remains
in the same state as when S2 was de-
pressed. Thus, if the switch is opened
while the LED is on, the LED will stay
lit. Closing S2 allows the cycle to re-
sume at the point where it was inter-
rupted. The circuit can be assembled
on perforated board in a small utility
box. Any LED which glows brightly
with a forward current of 20 mA can be
used for LED1. Capacitor C7 should
be a metalized film, Mylar, or polyester
unit. If you can’tfind a close-tolerance
capacitor with a large enough capaci-
tance, parallel a number of smalier
units to get 2 microfarads. Any 6-volt
source, such as four “C” cells in
series, can be used. @

PARTS LIST
B1—6-volt battery
C1—2-yF polyester capacitor (see text)
C2—0.01-yF capacitor
IC1—555 timer IC
LED1—20-mA LED (Texas Instruments -
TIL209 or equivalent)
R1-—220-ohm, ¥4-W, 109 resistor
R2-—1-megohm, Y4-W. 109 resistor
R3—82.000-ohm, Y4-W, 109% resistor
S1—Spst miniature toggle switch
S2—Normally closed pushbutton switch
Misc.—Printed circuit or perforated
board. suitable enclosure, mounting
hardware, rubber feet (4), battery
holder. hookup wire, solder, etc.
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Timer IC paces
analog divider

by Kamil Kraus

Plzen, Czechoslovakia

The quotient of two analog voltages, V,/V,, is required
in many control and computation applications. This ratio
can be produced by a circuit that consists of a voltage-to-
frequency converter and an amplitude modulator, as
shown in the accompanying diagram.

In the V-to-f converter, input voltage V, drives a field-
effect transistor through an operational amplifier. The
FET operates as voltage-controlled resistor to determine
the frequency of a 555-timer astable multivibrator. The
resistance of the FET is given by:

R = VY[(1+R/Ry)LV, — LV,]

where V, is the FET threshold and I is the drain current
when V, is zero.

In this mode of operation, the capacitor C charges and
discharges between 5 and % of Ve, Thus the output
voltage, of the timer varies from 5 to 10 volts if the
supply is 15 v. The charge and discharge times and
therefore the frequency are independent of the supply
voltage.

Input voltage V, is applied to the inverting input of op
amp A,, which acts as the amplitude modulator. When
the output from the timer (pin 3 of the 555) goes high,
transistor Q turns on and grounds the noninverting input
of A, so that the output from A, is —V,. When the

timer output is low, transistor Q is off and the output
from A, is +V,.

The output from A, is therefore —V, during the
charging time of the timer:

t. = 0.693(R+R;)C
and is +V, during the discharge time of the timer:
ts = 0.693RC

The average value of the output voltage from A, over the
period of the timer is given by:

Vcmt = Vx(td - tc)/(tc+td)
Substitution of the expressions for the charge and
discharge times, and use of the relation for R, yield:

Vou = =V,V./(1+R//R)V,

if Rp is made equal to V,/2l. For the 2N4222 FET, V, is
15 volts and I; is 15 mA, so Ry is 500 Q.The value of C is
0.01 microfarad, as recommended by the 555 manufac-
turer. If the value of R, is 14R, as shown, the average
output voltage, in volts, is:

Vou = =V,/V,

Thus the mean value of the output voltage from A, is
numerically equal to the ratio of input voltages V4 and
V,. These voltages can have any values in the range from
0 to +10 v; the average of the output can be realized
with an RC across the output circuit, or read on a
damped voltmeter, or whatever the application
requires.

Designer’s casebook is a regular feature in Eiectronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit’s operating principle and purpose. We'll pay $50 for each item published.

15V

Vy 100 k2 100 k§2

b ——0

2N4222 4 8 v, v
Vour = v_: VOLTS
TkS2
7 55§
TIMER
0003 Ry 2N3646

& 5.8k
. s AAA A;, Ay DUAL 741

Ry 5 1

P S Y —
2.8k ¢ < AMPLITUDE MODULATOR —>
= 001uF

U.DT,UF—[
y

—

+———————V-TOf CONVERTER ————— >

112

Analog divider. The mean value of output voltage is proportional to
the ratio of V, to V,. The 555 timer operates as a voltage-to-
frequency converter, activating transistor Q, which controls the
noninverting input of A,. The output voltage of A, can be averaged by
any method convenient for the applications required.

Electronics/August 5, 1976
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RESET E
ne 7] [ ] ne

14-PAIN HERMETIC DIP
PIN CONNECTIONS (TOP. VIEW)
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) :
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[ 9] conTROL vOLTAGE

(7) piscHarGE
(6) THRESHOLD

(5) CONTROL VOLTAGE

RESET
T0-99

FIG. 1—PIN CONNECTIONS
for the 555 timer.

MER IC APPLICATIONS

This series of articles will describe the operation of the
555 and presentvarious applications including
automotive, photographic and test equipment, among others.

FOR SEVERAL YEARS, IT APPEARED THAT THE
709 op-amp would remain unsurpassed
as the most useful and versatile integrated
circuit; especially for electronics hobby-
ists. Now, it looks like that honor may
have passed to the 555 family of timers.
Basically, the 555 timer is a highly
stable integrated circuit capable of func-
tioning as an accurate time-delay gen-
erator and as a free-running multivibra-
tor. When used as an oscillator, the fre-
quency and duty cycle are accurately
controlled by two external resistors and
a capacitor. This device originated with
Signetics and is now available from such
manufacturers as Exar, Motorola, Na-
tional, RCA, Raytheon, Teledyne and
Texas Instruments. The typical data sheet
for this device lists the following features:
e Timing from microseconds to
hours
o Monostable and astable opera-
tion
e Adjustable duty cycle
e Output compatible with CMOS,
DTL and TTL (when used
with a 5-volt supply)
e High-current output can sink or
source 200 mA
e Trigger and reset inputs are
logic compatible
e Output can be operated nor-
mally off
Applications listed include:
e Precision timing
Time-delay generation
Sequential timing
Pulse generation
Pulse shaping

by ROBERT F. SCOTT
TECHNICAL EDITOR

Pulse-position modulation
Pulse-width modulation
Clock generation
Missing-pulse detection
Appliance timing
Frequency division
Voltage-to-frequency conver-
sion

e Linear sweep generation

We will examine the make-up and op-
eration of the 555 family and then we
will see how the various features and
applications can be developed into prac-
tical circuits you can use in the home,
car, lab and service bench.

The 555 is available in 8- and 14-pin
DIP packages and in a circular TO-99
metal can with eight leads. The base con-
nections are shown in Fig. 1. The device
is available from most makers in at least
two grades. The precision type gener-
ally maintains its essential characteristics
over a range of —55° C to 4125° C
while the general-purpose type operates
reliably only over-a range of 0° C to
70° C. Type numbers for the precision
and general-purpose types are as follows
(the precision types are listed first):
SES55/NESS5 (Intersil and Signetics),
RMS555/RC555 (Raytheon), MCI1555/
MC14555 (Motorola), LMS55/LMSS55C
(National), SN52555/SN72555 (Texas
Instruments) and CASS5/CASSSC
(RCA).

(Many of the manufacturers listed also
offer the 556 which is basically two 555’s

in a single package. Most dual timers have
“556” in the type number. An exception
is the D555—for dual 555—made by
Teledyne. There are several quad timers
available. Both dual and quad types may
have specific limitations that do not apply
to the 555. More about this later.

How the 555 operates

A functional block diagram of the 555
as a monostable timer is shown in Fig.
2 and the equivalent schematic of the IC
is shown in Fig. 3. Timing is determined
by external components R+ and Cr. The
IC timer consists of a flip-flop, a high-
current output stage, discharge and reset
transistors and two comparators. (4 com-
parator is an op-amp that compares an
input voltage to a reference voltage and
indicates whether the input is higher or
lower than the reference potential. When
the input swings slightly above the ref-
erence value, the op-amp’s output swings
into saturation. At the instant that the
input. drops below the reference level,
the op-amp’s output swings into reverse
saturation, The output changes state when
the input rises above or drops below the
reference voltage level by only a few hun-
dred microvolts.)
The reference voltages for the two com-
parators inside the 555 are developed
across a voltage divider consisting of
three 5K resistors. The threshold com-
parator is referenced at 24 V.. and the
trigger comparator is referenced at Y3
Ve. The two comparators control the
flip-flop, which, in turn, controls the state
of the output. When the timer is in the
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FIG. 3—555 TIMER schematic diagram.

quiescent state, internal transistor Q1 is
conducting so it represents a short circuit
across timing capacitor Cr. The level of
the output terminal is low.

In most practical circuits, the voltage
on pin 2 is held above the trigger point
by a resistor connected to V... When a
negative-going trigger pulse on pin 2
causes the potential at this point to fall
below Y5 V., the trigger comparator
switches the flip-flop, cutting off Q1 and
forcing the output level high to a value
slightly below V...

Capacitor Cr now starts to charge and
the voltage across it rises exponentially
until it reaches 25 V... At this point the
threshold comparator resets the flip-flop
and the output returns to its low state—

just slightly above ground. Transistor Q1
is turned on, discharging Cr so that it
is ready for the next timing period. Once
triggered, the circuit cannot respond to
additional triggering until the timed in-
terval has elapsed.

Figure 4 shows the waveforms associ-
ated with the 555 when operated as a
monostable timer. The delay period—the
time that the output is high—in seconds
is 1.1RyCr, where R is in oiims and C is
in farads. Figure 5 shows how delays run-
ning from 10 microseconds to 10 seconds
can be obtained by selecting appropriate
values of Cr and Rr in the range of .001
to 100 F and 1K to 10 megohms. In
practice, Rr should not exceed 20 meg-
ohms. When you use an electrolytic ca-

pacitor for Cr, select a unit for low leak-
age. The time delay may have to be
adjusted by varying the value of Rr to
compensate for the very wide tolerance
of electrolytics.

T T T T
=0.01 uF RL = 1K

INPLIT VOLTAGE

OUTPUT VOLTAGE

AT IALIAL LA
/ /A

CAPACITOR VOLTAGE

VOLTAGE-2 V/DIV

TIME—0.1 ms/DIV

FIG. 4—555 TIMER WAVEFORMS when it is
operated as a monostable.
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FIG. 5—DELAY TIMES for different values of
capacitors and resistors.

Note that the 555, unlike most RC tim-
ers, provides a timed interval that is
virtually indepedent of supply voltage
V... This is because the charge rate of
Cr and the reference voltage to the thresh-
old comparator are both directly propor-
tional to the supply voltage. Operating
voltage can range from 4.5 volts to a
maximum of 18 volts for premium timers
and 16 volts for general-purpose types.

Feeding the load

We have seen how the timed interval
or delay is obtained. Now lets’ see how
we can use it. A look at the output cir-
cuit (Q3 and Q4 in Fig. 3) shows it to
be a quasi-complementary transformerless
arrangement similar to many audio out-
put stages. Furthermore, we know that in
this type of circuit, one side of the load
goes to the emitter-collector junction of
the output transistors and the other side
of the load can be connected to either V..
or to ground. The same applies to the
load connected to the 555. Qutput pulses
developed across load Rw. can be obtained
directly from pin 3.

When the load is connected to V.,
a considerable amount of current flows
through the load into terminal 3 when
the output is low. Similiarly, when the out-
put is high, the current through the load
is quite small. Conditions are reversed
when the load is returned to ground. In
this case, output current through the load
is maximum when the output potential is
high and minimum when the output is
low. The maximum current at terminal
3 is 200 mA when it is used as a current
source or a current sink.

9761 AHVNHa3d
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Driving a relay

A relay can be substituted for Ry in
applications where the delay or timed in-
terval is longer than 0.1 second. The
relay should be a DC type with a coil
operating at about V.., and not drawing
more than 200 mA. Figure 6 shows a

Q+15V
< r-4
100K 3 E‘j“ tm_g \ot} ngMALLY
sMEG_| L ON LOAD
‘D
‘P
8 555 |2
7 D2
~ 2 1 -
-~ o] TO
10uF l Ao gt NORMALLY
51II‘\ Lf OFF LOAD
L}
= START

FIG. 6—RELAY TIMER showing two optional
connections.

simple manual timer with the two op-
tional connections for the relay. With
the R/C values shown, the timing range
is approximately 1 second to 1 minute.

You must be careful when connecting
an inductive load such as a relay to the
output of the 555 or any other solid-state
device. When the current through an in-
ductive load is interrupted, the collapsing
magnetc field generates a high reverse
emf (transient voltage) that can damage
the device. The solution to this problem
is to connect a diode (D1) across the
relay coil so it conducts and absorbs the
transient. Note that the diode must be
connected so it is reverse biased in normal
operation.

Diode D2 must be inserted in series
with the relay coil when it is connected
between the output terminal and ground.
Otherwise, a negative voltage equal to one
diode-junction drop will appear at pin 3
and cause the timer to latch up.

Triggering

We stated earlier that in most practi-
cal circuits, the trigger terminal is gener-
ally returned to V.. through a resistor
of about 22K. However, the simplest
method of triggering a 555 is to momen-
tarily ground the terminal. This is OK
as long as the ground is removed before
the end of the timed interval, Thus, if the
device is used in a photo-timer applica-
tion, as in Fig. 6, tapping pushbutton

MINIMUM TRIGGER

PULSE WIDTH
150
— 125
Z
=
£ 100
T
& 5
E o C "
5 50 = 5 —
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2 |0 C
Dbb5
0 1
0 0.1 0.2 0.3 0.4

LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE (X V¢!

FIG. 7—TRIGGER PULSE WIDTH requirement
varies with temperature and Vcc.

S1 is sufficient to trigger the circuit and
start the timer.

In many applications, the 555 must
be triggered by a pulse. The amplitude
and minimum pulse width required for
triggering are dependent on temperature
and supply voltage. Generally, the cur-
rent required for triggering is about 0.5
uA for a period of 0.1 us. Triggering-
voltage ranges from 1.67 volts when V..
is 5 volts to 5 volts when V.. is 15 volts.
Figure 7 shows how trigger pulse width is
related to temperature and V...

The triggering circuit is quite sensi-
tive and can be activated by simply touch-
ing the terminal with a finger or bringing
your hand close to a length of wire fast-

tage divider is brought out to pin 5—the
control terminal. The timing cycle can
be modified by applying a DC control
voltage to pin 5. This permits manual or
electronic remote control of the timed
interval.

The control terminal is seldom used
when the timer is operated in the mono-
stable mode and should be grounded
through a 0.01-uF capacitor to prevent
the timed interval from being affected by
pickup of a stray AC or RF signal.

When the timer is operated as an os-
cillator in the astable mode, the generated
signal can be frequency modulated or
pulse-width modulated by applying a vari-
able DC control voltage to pin 5. We'll
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FIG. 8—AUTOMATIC HEADLIGHT turn-off circuit.
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FIG. 9—555 TIMER used in a solid-state time-delay

ened to pin 2. Thus, we have the makings
of a crude capacitance relay.

Resetting

Once a timed cycle has been initiated
by a negative-going pulse on pin 2, the
circuit is immune to further triggering
until the cycle has been completed. How-
ever, the timed cycle can be interrupted
by grounding the reset terminal (pin 4)
or applying a negative-going reset pulse
to it. The reset pulse causes timing ca-
pacitor C1 to be discharged and the out-
put to return to its quiescent low state.
Reset voltage is typically 0.7 volt and
reset current is 0.1 mA. When the reset
terminal is not being used, it should be
connected to Vee.

The control terminal
The %5 V.. point on the internal voi-

104F 1N4004
V.
250V 'F OR EQUIV
relay circuit.

have more on this in the next part of this
series.

Gadgets you can build

There is still quite a bit of practical
technical information you will need to de-
sign your own circuits and to take full
advantages of the potential of the 555-
family. We hope to complete the techni-
calities in the next issue and get down to
practical circuils you can use. In the
meantime, here are a couple of circuits
for you to try:

Automatic headlight turn-off—anyone
who has stumbled around in a dark gar-
age after leaving his car for the night
will appreciate this automatic headlight
shut-off switch (Fig. 8.) that was de-
scribed in a Texas Instruments applica-
tion note. It is to be installed in the car

(continued on page 102)
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555 IC APPLICATIONS
(continued from page 42)

and used to automatically turn off the
headlights a predetermined period after
the ignition is switched off.

When the ignition is first switched on,
battery voltage is fed to the relay coil
through the 500-ohm resistor and diode
DI. Switching off the ignition generates
a negative-going pulse on pin 2 that trig-
gers the timer. The output of the IC goes
high to energize the relay and keep the
headlights on long enough for you to
leave the garage. With the values shown
for R1, R2 and Cl, the delay is adjustable
from 10 seconds to 1 minute.

Timer with solid-state load control—
(Fig. 9, from Motorola data sheet) uses
a 555 timer to trigger a triac operating as
a solid-state relay controlling a 4-am-
pere, 117-volt AC load. The 20-megohm
resistor and 1-uF capacitor provide a
22-second delay in the application of
power to the load.

A circuit of this type can be used in
applications where two or more opera-
tions must be performed in a timed se-
quence. It might be used to delay the
application of power to a fuel pump or
gas valve in an industrial or domestic
heating system until an exhaust fan has
been running long enough to purge un-
burnt fuel. Or, perhaps it can be used to
start the blower of an air conditioner
before the compressor. Can you think of
any applications for such a circuit?

R-E
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Circle 81 on reader service card

lilegal Citizens band operator
sentenced to year in jail

Ronald Eugene Evans, San Bernadino,
CA, was fined $2,000 and sentenced to a
year in prison by Judge Manuel Real of
the U.S. District Court for the Central
District of California tast September, for
operating a Citizens band transmitter
without a proper license.

The conviction was the result of a
month-long investigation by the FCC, re-
sponding to numerous complaints of tele-
vision interference received from San
Bernadino TV users. Besides operating
without a license, Evans was found to be
operating with an 800-watt linear ampli-
fier, which put out 200 times as much
power as is permitted.

Los Alamos judge has electronic
as well as legal savvy

California physicist Paul VanderMaat
answered a speeding charge with the
defense that the ionized air that precedes
a thunderstorm can affect a radar speed
unit. He had been clocked—incorrectly,
he said—by a police radar at 33 miles per
hour in a 25-mile zone.

The judge, Raymond E. Hunter, agreed
that ionization or static electricity ac-
companying an electric storm could re-
sult in a false radar reading, stating:

“Only in Los Alamos could a defen-
dant use a principle of advanced physics
and have a judge understand what he’s
talking about.”

Hunter, who serves only part time as
a Municipal Court judge, is, like Vander-
Maat, a theoretical physicist at Los Ala-
mos Scientific Laboratory.

12 REASONS YOUR CAR
NEEDS TIGER CDI

Instant starting in any weather - Eliminates
tune-ups - Increases gas mileage - Increases
horsepower 15% - Improves acceleration
and performance - Spark plugs last up to
70,000 miles - Reduces engine maintenance
expense - Amplifies spark plug voltage
to 45,000 volts - Maintains spark plug
voltage to 10,000 RPM - Reduces exhaust
emissions - Dual ignition switch - An
Unconditional LIFETIME GUARANTEE
Installs in 10 minutes on any car with
12 volt negative ground - No rewiring - Most
owerful, efficient and reliable Solid State
gnition made.
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c

TIGER 500 assembled ...... $53.95

TIGER SST assembled ...... $42.95
Post Paid in US.A.
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Grand Junction, Colorado 81501
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T WHAT?
CREATURE
CAN:

M Make outer space sounds for rock
musicians?

B Demonstrate principles of music &
acoustics for educators?

B Create sound effects for theatre
companies?

B provide rhythmic pulses and tones
for modern dance groups?

M Be one of the neatest toys in the
world for an audiophile?

of course!

The 1st Micro-Synthesizer. ..
under $50 in kit form.

FOR DETAILS AND PHOTOGRAPHS OF THE
GNOME, AS WELL AS DOZENS OF OTHER
KITS FEATURING INNOVATION RATHER
THAN IMITATION, WRITE TO US FOR #

FREE CATALOG

PAIA Electronics, Dept.1-R
Box 14359, Oklahoma City, OK 7317
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IC TIMER CIRCUITS

PART " The 555 IC timer has a wide variety of applications. This
month we will discuss various multivibrator circuits—how
they work and how to control their output frequency.

by ROBERT F. SCOTT
TECHNICAL EDITOR

LAST MONTH WE COVERED THE OPERATION
of the 555 timer as a time-delay or pulse
generator operating in a monostable mode.
We noted that the time delay is controlled
by one external resistor Rr and one exter-
nal capacitor Cr and that the timed inter-
val or delay (in seconds) is 1.1 (Rr X Cu),
where R is in ohms and Cr is in farads or
where Ry is in megohms and Cr is in
microfarads.

How long, how short?

The minimum length of the output
pulse (time delay) is a function of the IC
itself. First, the trigger pulse must be ap-

lied to the trigger terminal for at least
s0-100 nanoseconds (see Fig. 7, last
month). The second, and major, factor
contributing to the minimum delay is the
time it takes the threshold comparator to
react when the timing capacitor charge
reaches 25 V... Because of the variations
in the internal construction of the 1C and
on temperature and other external influ-
ences, do not try for time delays or pulses
shorter than about 5 us.

The longer the timed period, the larger
the values of Cr and Rr. The maximum
practical value for Ry is 20 megohms. The
maximum practical value of Cr is deter-
mined by the availability of low-leakage
electrolytic capacitors. I have constructed
an experimental 10-minute timer that
operated quite reliably with a 3.9-megohm
resistor and a 150-uF tantalum capacitor.

If you require a timer with exception-
ally long intervals, resulting in unreason-
able values for Cr and Rr, there are several
methods that you can use. Perhaps the
simplest is to use two or more timers in
cascade—the output of the first triggers the
second and so on. The resulting time de-
lay is the sum of the multiple delays.

Figure 10 shows a sequential timer con-
sisting of three 555's. It was designed for
initiating three operations in sequence. For
example, it can be used to apply power to
cooling fans, then turn on the filaments in
mercury-vapor rectifiers and then apply

‘ate voltage to the rectifier plates. The
_utput waveforms are shown in Fig. 11.
In this case, the delays are in the order of
seconds. For longer delays, of say 20 min-
utes, timers 1 and 2 could each be set for
10 minutes. Timer 3 could be adjusted to

provide the required pulse width.

For even longer timed intervals— for
example, in time-lapse photography we
might want to operate a movie camera for
10 seconds every 8 hours—the 555 can be
connected as a free-running oscillator
feeding into a chain of counters that ex-
pand the time delay by the number of
divide-by-2 stages. In the case of the 8-
hour photography timer, we can connect
the 555 as a 7.5-minute recycling timer
(multivibrator) and feed its output into a
six-stage divide-by-2 to multiply the delay

by 64. The counter chain feeds a seconc
555 to expand the output pulse to the de
sired 10 seconds.

Free-running oscillator

When the 555 is used in the astable o
self-triggering mode to form an oscillato
(Fig. 12), the timing resistance Rr is di
vided into sections Rr-, and Rr., with the
discharge terminal (pin 7) connected t
the junction of the two resistors. The trig
ger (pin 2) is connected to the threshol
terminal (pin 6) to insure oscillation.
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FIG. 11—OUTPUT WAVEFORMS of the sequential timer shown in Fig. 10.



When V.. is first applied to the circuit
(time — 0), capacitor Cr (Fig. 13)
charges to 24 V.. through Rr., and Rr.,
during time t1 and then discharge to V5
V.. through Rer., during time t2. The delay
cycle can be controlled by selecting values
for Rr.. and Rr., as the voltage on Cr
swings between %5 V.. and 3 V.. as in
Fig. 13.
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FIG. 12—-ASTABLE MULTIVIBRATOR using a
555.
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FIG. 13—OUTPUT WAVEFORM and capacitor
voltage of the astable multivibrator.

As capacitor Cr starts charging toward
24 V.., the output goes high and remains
so for period t1—in seconds equal to 0.693
(R1-a + Rru) Cr. The discharge period—
the time that the output is low—is 0.693
(Rr) Cr. Frequency is the reciprocal of
the total time period (T) or 1.44/(Rz-a +
2R1.») Cr. The free-running frequency of
the multivibrator can be determined from
Fig. 14 which relates frequency in hertz
to Cr, Rr_. and Rr.,. Note that if Ry is
greater than ¥2Rr_,, the circuit cannot os-
cillate because the voltage at pin 2 cannot
drop to ¥4 V.. so that the circuit can re-
trigger.

Duty cycle
The duty cycle depends on the values of
Rr-. and Rz, and is equal to (Rr.. +

100 kHz
>
2 10kHz
w
3
g 1kHz
£ G
100 kHz i
z
]
2 10Hz i
w
w
o 1 Hz N
w
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00014F 001 01 1 10 100uF

CT CAPACITANCE

FIG. 14—FREQUENCY of the astable multi-
vibrator can be determined from the graph.

(Rr-1)/(Rr-a + 2Rr.1). It can be set from
slightly above 50% to nearly 100%. The
maximum duty cycle—the on-time divided
by the total time is approximately 100% —
is developed when Rr., is as small as pos-
sible while still sufficiently large to limit
the current through the discharge transis-
tor (Q1 in Fig. 3) to a level that does not
exceed the value specified for the specific
device.

For duty cycles less than 50%, a diode
(D1 in Fig. 15) is connected between the

Vcc(5—15V)
L -
;: RT-a 4 |s
- 7 3 o ouTtPuT
RTp < D1
T s . 4 555
D2 4 6

& o
T/_l-\ :]_;

FIG. 15-DUTY CYCLES of less than 50% is
achieved by this circuit.

discharge and threshold terminals. Ca-
pacitor Cr now charges only through Rx-.
(Rz.y is shorted by diode conduction dur-
ing the charge cycle) discharges through
Rr-» so the duty cycle is now Rr-o/ (Rr-a
4+ Rr.y) and can be varied from almost 0
to nearly 100%. Fig. 16 shows the wave-
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AT *FTs
FIG. 16—OUTPUT WAVEFORM and capacitor
voltage of astable when duty cycle is less
than 50%.

DUTY CYCLE =

forms as the duty cycle is decreased below
50%.

The voltage drop across D1 will prevent
the timing cycle from being completely
independent of Rr.». This can be prevented
by installing D2 in series with Rr., as
shown.

JIn some applications, we may need to
vary the duty cycle of a multivibrator from
about 0 to 100% while holding the fre-
quency constant. In this case, replace Rr-a
and Rr., with a single linear-pot as in Fig.
17. Resistors R1 and R2—approximately
1,000 ohms each—are connected in series
with the pot. R1 limits the maximum cur-
rent through the discharge transistor. Re-
sistor R2 establishes a minimum value for
Rr., and to compensate for the addition of
R1 to the network.

Variable-frequency square-wave
generator
If Rr.. and Rr., are varied simultane-
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FIG. 17—ASTABLE MUTIVIBRATOR with duty
cycle variable from 0 to 100% and frequency
constant.

ously by equal amounts, we can then de-
velop a variable-frequency square-wave
generator as in Fig. 18. Resistors Rr_, and
Rr-, should be kept at equal values so as
to develop a good square wave with a duty
cycle of approximately 50%. If Rr.. and
Rt are both 500K and Cr is .036 uF, the
frequency range of the oscillator will be

RT_o S 7 3 . ouTeUT
Ny 555
I 5
1RG o1
R2 1T "_P 1 j_\
p2 & e = =
R1=R2=1K

T

FIG. 18—SQUARE-WAVE GENERATOR with.

variable frequency and constant duty-cycle.

from about 40 Hz to about 20 kHz. Use
linear pots for the most constant duty-
cycle throughout the tuning range.

Selectable monostable/astable
operation

You may want to use the 555 both as an
astable oscillator and as a pulse generator
operated by a signal applied to the trigger
terminal. However, with the same values
for Rr.,, Rr» and Cr, the time periods
will be quite different for the two modes
of operation.

In the monostable mode, the duration
of the pulse is 1.1RC because C charges
from 0 volts to 25 V..; while as an oscil-
lator, the time period is 0.693RC because
the charge on C varies between 3 V.. and
%4 V... Figure 19 is a circuit (from Radio
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FIG. 19—ASTABLE OR MONOSTABLE opera-
tion can be selected by a switch.

Electronica, Netherlands) showing how
the 555 can be operated in both modes at
the throw of a switch. A diode is con-
nected between the output and control-

9.61 HOHYIN
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volt voltage terminals, pins 3 and 5, re-
spectively. With the diode in place, the
reference voltage to comparator 1 (pin 5)
is pulled down to approximately 0.9 volt
when the output goes low. The fixed volt-
age on comparator 2 is now 0.45 volt so
the timing capacitor must discharge al-
most to ground—to about 0.45 volt—be-
fore the circuit is retriggered by the volt-
age on trigger terminal pin 2. The periods
of the monostable and astable modes are
now equal to within about 5%.

The 555 family

In the months to come, we will give you
lots of applications for your car, photo
lab, home, as test instruments and many
others. The 555-type of timer IC is avail-
able as a dual and as a quad device. You
may want to adopt the device in some of
the circuits that will follow or use in cir-
cuits that you develop as you become
more familiar with the device. Before we
get too far along, let me warn you of some
pitfalls to watch out for.

The 556 is defined as a dual timing cir-
cuit containing two independent 555-type
timers on a single monolithic chip. The pin
configuration for the basic Signetics NE/
SES56 dual timer is shown in Fig. 20-a.
This same configuration is used in the XR-

mscnussﬁs 4] vee

THRESHDLDE 13 iscrane
- CONTROL vOLTAGE[3 | [12]THResHOLD
AEsET] s 11]coNTROL vOLTAGE
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output1| 1] EVcc
TRIGGER 12 | 13]outeut 2
THRESHOLD 13 | 12 [rrisien 2
conTRoL1| 4 | THRESHDLD 2
o1scHARGE 1[5 | 10]conTROL 2
RESET 1[ 6 | %mscmnse 2
GROUND|7 | | 8]reser2

b

FIG. 20—PIN CONFIGURATION for Signetic’s
NE/SE556 and many others is shown in a.
Exar's XR-2556 and Teledyne's D555 is
shown in b.

556 and many others. But, if you use the
XR-2556 or the D555 by Teledyne, watch
out: The pm connections are different as
you’ll see in Fig. 20-b. i

Another tfung to be careful of is the
output load. The 555 can either sink or
source up to 200 mA. Some duals—the
Raytheon 556, XR-2556 and Teledyne
D555, for example—can source or sink
200 mA while the Signetics 556 and XR-
556 have a maximum current drive capa-
bility of only 150 mA per output. The
553’s output sinks (consumes) 150 mA
while the 554’s output sources (supplies)
150 mA.

Quad timers such as the 553 have their
threshold and discharge functions con-
nected for use only in the monostable
mode. If you want to use a quad timer as
a free-running oscillator, the best bet is to
use two sections with their output and
trigger terminals cross-connected. A load
can be connected in series with each
trigger/output pair and V... The time con-
stants in the threshold circuit of each
timer can be adjusted for frequency and
duty cycle.

That’s it for now. Next month, we'll
give some really practical circuits that you
will enjoy putting to work.

(To be continued)

BIG RESISTOR BLOWS

I replaced the horizontal output
tube in this Zenith 20X1C38, and it
promptly got red hot. Checking, 1
found the horizontal oscillator wasn’t
working, and that R214, 1000-ohms
18-watts, had blown out. Later, I dis-
covered that R218 (470 ohms) and
R220 (150K ) were burnt up. These are
in the blanking circuit. Replacing all
of these and turning the set on (cau-
tiously!), it worked.- Question: why did
that big resistor blow out?-W.B.,
Marietta, GA.

Honest answer; I don’t know! How-
ever, I have replaced quite a few of
these resistors in this chassis! If you
use a 20~-25 watt Brown Devil or simi-
lar type, it holds. There is no apparent
reason, since in addition to the size, it
is also mounted in a heat-sink clip on
the chassis.

TO VIDEO
AMPL,

BLANKING
¥ GAT

FROM
RECTIFIERS

CHOKE

ONE SECONDARY,

VERTICAL OUTPUT
TRANS

R214
1375V 1K, 18W

For a crystal-ball guess on the fail-
ure of the other two, I'd say that the
150K had arced internally and gone
away down in value. The 470-ohm re-
turns to ground through the heavy
secondary winding of the vertical out-

put transformer. So, it promptly over-
heated and went out too. Of course, in
normal operation, the high resistance
of R220, 150K, is enough to hold the
current in this circuit to a very low
value. “After the fact”, there’s no way
of telling which one went out first.

WEIRD RASTER

I never saw anything like this before!
All I can get on this G-E DC chassis
portable is a weaving bright line about
three inches wide (see diagram). If 1
turn the brightness full on, I can see a
dim raster, but the vertical bar is much
brighter, There’s a hum in the sound,
too. ’ve checked the horizontal output
transformer, tubes, and so on, and the
horizontal AFC. No luck. Give me a
good place to start!—C.H., Allentown,
PA,

VERY
BRIGHT

I can give you a very good place to
start. Check the filter capacitors! The
best way to do this is with a scope.
Look for any kind of signal on their
terminals. Since this is a tube-type
chassis, you can bridge them with good
ones without trouble.

Whenever you see any kind of screw-
ball symptom that you can find no logi-
cal explanation for, go to the filter

capacitors and see if one of them is
open. If so, this sets up a feedback loop
through the DC power supply.

WHISTLE, CAR RADIO

This Bendix auto-radio, whistles!
Sometimes it can be reduced by careful
tuning, but it’s usually audible. Shows
up on all stations, even strong ones.
Sounds lik a regenerative set!—W.F.

It is! This sounds very much like
regeneration due to a feedback loop
somewhere in the set, probably in the
IF. Even though this is a battery pow-
ered set, it needs filter capacitors. With-
out these, your DC supply lines will
allow a feedback loop to form. This
causes the oscillation and whistling.

Check the chassis carefully for a
~->d big electrolytic capacitor. This
will probably be found open. If the DC
supply capacitor is OK, check for a
similar unit on the AVC line.

GREEN FLASH AT TURN-ON
When I turn this RCA CTC-24 on,

I get a light, medium-green raster for
about 8-12 minutes. Then a normal pic-
ture, purity and all, and it stays on
until I turn it off and let it cool for a
good while. Any ideas?—E.G.

Could be a heater-cathode short in
the green gun, but this would also wipe
out the video. I believe that it is a bad
solder joint somewhere around the plate
circuit of the G-Y diff-amp tube, or
perhaps a dirty plate contact on that
tube’s socket. Look for the little pale
blue 3-watt plate load resistors behind

the color difference amplifier tubes _

and check the solder joints on the PC
board. R-E
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555-type timer
used to shape
square waves

For a low-cost square-wave shaper, try the 555-type IC timer—a sugges-
tion from Joe R. Wild, a product engineer for the B.F. Goodrich Co. in
Akron, Ohio. This device’s comparator characteristics make it a fast-
switching wave shaper ideal for optical circuits, or when you want to
use the ac line frequency as a clock reference. Any positive waveform
can be squared up.

Wiring the timer is easy. The signal to be squared is applied to the
timer’s threshold and trigger pins, which are tied together. The reset
and Vcc pins are also tied together and then run to the supply voltage.
The ground and output pins are the standard types. (Discharge and
control-voltage pins are not used.) ~Laurence Altman

Electronics/September 19, 1974

given as 1.43/(R2C+), which is incorrec;.
The correct equation is F=1.43/(2R.C;).

ALFRED GNAEDIG

Mexico City, Mexico

The author replies: “Asume t: to be the
time during which the signal is at ‘high’
and t; the time during which it is at ‘low.’
Then, t1 = 0.7(R1 + R3)Crand t2 = 0.7R:C:.

- IfR1<< Ry, ti =t2 =0.7R:Crand T =t1 + t2

EQUATION WRONG, VALUES RIGHT ooy R, Therefore f = 1/T =
Ao liea ‘ 1/0.7(2R2C1) or 1.43/(2R.C1) exactly as Mr.
y n' Pgllcatlons For the IC ‘Time Gnaedig states. The f and T expressions
achine’,” there appears to be an error. in on page 74 of the article are incorrect, but

the SW oscillator circuit on page 74, the
equation for the operating frequency was

the values in the example are correct for
100 Hz as given.”

\



Low current 555 timer

“IN THE OFF STATE the supply current to
a 555 timer is about 3mA. For battery
powered circuits where this is too high
the modified circuit shown can be used.
This reduces the current to about 2p A
although the on state current rises to
about 3.5mA. Other properties of the
timer remain practically unaltered.
When the circuit is off, pin 2 is discon-

ply voltage Tr, is also off. When a
negative trigger pulse is applied to pin 2,
Tr, and Tr; are turned on and connect
the timer to the supply rail. A positive
pulse from pin 3 of the timer turns Tr,
on which keeps Tr;.on. After the delay
period has elapsed the timer returns to
the off state. Connections 4, 5, 6 and 7 of
the i.c. are still used but pins 1, 2, 3 and 8
are replaced by the new connections.
Dr O. B. Hellman,

nected from ground so Tr, and Tr; are  Tyrky,
turned off. Because the 555 has no sup-  Finland.
e » —0 +4-5V
%2k7 Tra
Try 10k
- . VA
—
10k b BC 214
Trs BC184 22k
—— A
BC 214
1 8 4
68k
R
E 68k
C
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[IMER
APPLICATIONS

DESCRIBED BY
R. M. MARSTON

THE 555 TIMER is a highly versatile low-cost IC that is
specifically designed for precision timing applications,
but which can also be used in a variety of monostable
multi-vibrator, astable multivibrator, and Schmitt
trigger applications. The device was originally
introduced by Signetics, but is now available under the
‘555" designation from many other manufacturers.

The 555 has many attractive features. It can operate
from supply voltage in the range 4.5V to 16V. Its
output can source (supply) or sink (absorb) any load
current up to a maximum of 200mA, and so can
directly drive loads such as relays, LED’s, low-power
lamps, and high impedance speakers. When used in
the 'timing” mode, the IC can readily produce accurate
timing periods that can be varied from a few
microseconds to several hundred seconds via a single
R-C network. Timing periods are virtually independent
of actual supply rail voltage, have a temperature
coefficient of only .005% per °C, can be started via a
TRIGGER command signal, and can be aborted by a
RESET command signal.

When used in the monostable mode, the IC
produces output pulses with typical rise and fall times
of a mere 100nS. It can be made to produce
pulse-width modulated (PWM) pulses in this mode by
feeding fixed frequency clock pulses to the TRIGGER
terminal and, by feeding the modulation signal to the
CONTROL VOLTAGE terminal.

When used in the astable mode both the frequency
and the duty cycle of the waveform can be accurately
controlled with two external resistors and one capacitor.
The output signals can be subjected to frequency sweep
control, frequency modulation (FM), or pulse-position
modulation (PPM)} by applying suitable modulation
signals to the CONTROL VOLTAGE terminal of the IC.

THE 555: HOW IT WORKS
The 555 is available under a variety of specific type
numbers but is generally referred to simply as a ‘555
timer.” The device is available in a number of packaging
styles, including 8 and 14-pin dual-in-line (DIL) and
8-pin TO-99 types. Throughout this article all circuits
are designed around the standard 8-pin DIL versions of
the device.

Fig 1 shows the outline and pin notations of the
standard 8-pin DIL version of the 555, and Fig 2 shows
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Fig. 1: Outline and pin notations of the standard 8-pin dil
version of the 555 timer I.C.

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1977

the functional block diagram of the same device (within
the double lines), together with the connections for
using it as a basic monostable generator. The following
explanation of device operation assumes that the 555 is
used in the monostable configuration shown in Fig 2.
The 555 houses 2 diodes, 15 resistors, and 23
transistors. These components are arranged in the form
of one voltage-reference potential divider, two
voltage-comparator op-amps, one R-S flip-flop, a
low-power complementary output stage, and a slave
transistor. The voltage-reference potential divider
comprises three 5k() resistors in series, and is
connected across the supply lines. Consequently, 2/3
V.. appears at the junction of the upper two resistors of
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Fig. 2: Functional block diagram (within the squarej of the 555
timer i.c., together with the connections for using the i.c. as a
basic monostable generator or timer.

the potential divider, and is fed to one input terminal of
the upper voltage-comparator op-amp and 1/3 V_
appears at the junction of the two lower resistors of the
potential divider, and is fed to one input terminal of the
lower voltage-comparator op-amp. The outputs of the
‘two comparators control the R-S flip-flop, which in turn
controls the states of the complementary output stage
and the slave transistor. The state of the flip-flop can
also be influenced by signals applied to the pin 4
RESET terminal.

When the monostable or timing circuit of Fig 2 is in
its quiescent state the pin 2 TRIGGER terminal of the
chip is held high via R1. Under this condition Q1 is
driven to saturation and forms a short circuit across
external timing capacitor C;, and the pin 3 output
terminal of the IC is driven to the low state. The
monostable action can be initiated by applying a
negative-going trigger pulse to pin 2. As this pulse falls
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below the 1/3 V. reference value of the built-in
potential divider the output of the lower voltage
comparator op-amp changes state and causes the R-S
flip-flop to switch over. As the flip-fiop switches over it
cuts off Q1 and drives the pin 3 output of the chip to
the high state.

As Q1 cuts off it removes the short from timing
capacitor C;, so C; starts to charge exponentially
towards the supply rail voltage until eventually the

voltage across C; reaches 2/3 V.. At this point the

upper voltage comparator op-amp changes state and
switches the R-S flip-flop back to its original condition,
so Q1 turns on, rapidly discharging C;, and
simultaneously the pin 3 output of the IC reverts to its
low state. The monostable operating sequence is then
complete. Note that, once triggered, the circuit cannot
respond to additional triggering until the timing
sequence is complete, but that the sequence can be
aborted at any time by feeding a negative-going pulse
to pin 4.

The delay time of the circuit, in which the pin 3
output is high, is given as

t=11RC
where t = mS, R; = kQ, and C; = uF. Fig 3 shows
how delays from 10 uS to 100 seconds can be obtained
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Fig. 3: 555 time delays for different values of resistance and

capacitance.

by selecting suitable values of C; and R; in the range
.001uF to 100uF and 1k{Q) to 10MQ. In practice, Ry
should not be given a value less than 1k(Q) or greater
than 20M(), and capacitor C; must always be a
low-leakage component. Note that the timing period of
the circuit is virtually independent of the supply voltage
but that the period can be varied by applying a variable
resistance or voltage between the ground and pin 5
CONTROL VOLTAGE terminals of the chip. This facitity
enables the periods to be externally modulated or
compensated.

The pin 3 output terminal of the IC is normally low,
but switches high during the active monostable
sequence. The output can either source or sink currents
up to a maximum of 200mA, so external loads can be
connected between pin 3 and either the positive supply
rail or the ground rail, depending on the type of load
operation that is required. The output switching rise
and faill times are typically about 100 nanoseconds.
Having cleared up these points, let's now go on and
look at some practical applications of the 555 timer I.C.

50 SECOND TIMER

This 50 second timer or puise generator gives a direct
voltage output at pin 3 which is normally low, but goes

42

—b555 TIMER APPLIGATIONS —

high for the duration of the timing period. Optional
components R, and LED (shown dotted) give a visual
indication of the timer action. The circuit works in the
same basic way as already described, except that the
timing action is initiated by momentarily shorting pin 2
to ground via START switch S;. Note from the circuit
waveforms that a fixed-period output pulse is available
at pin 3 and an exponential sawtooth with an identical
period is available at pin 7: The sawtooth waveform has
a high output impedance.

The basic timer circuit of Fig 4 can be varied in a
number of ways. The timing period can be made
variable between approximately 1.1 seconds and 110
seconds by replacing R, with a 10k() fixed resistor and
a 1M(Q) variable resistor in series.
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The period can be further varied, if required, by
switch-selecting decade values of timing capacitance.
The dotted section shows how the circuit can be
provided with a RESET facility, so that a timing period
can be aborted at any time, by taking pin 4 to the
positive supply rail via resistor R; and wiring RESET
switch S, between pin 4 and ground.

The timing circuit of Fig 4 can be used to drive
non-inductive- loads at currents up to 200mA directly.
They can be used to drive inductive relay loads by using
the basic connections shown in Fig 5.

The Fig 5 circuit is designed to apply a connection to
a normally-off external load for a pre-set period of 50
seconds when START switch S, is momentarily closed.
The relay is normally off, but turns on for the 50 second
period when the timing cycle is initiated. D, is wired in

-series with the relay coil to counteract the slight residual
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Fig. 5: Relay-output timer makes or breaks connection to load
g y
for pre-set period of 50 seconds when S, is momentarily
operated.
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voltage that appears at pin 3 of the IC under the OFF
condition and thus ensure that the relay turns fully off.
The dotted section shows how this circuit can be used
to switch off a normally-on load.

Note in Fig 5 and all other relay-output circuits
described here, that the relays used can be any 12 volt
types that draw ON currents of less than 200maA, e.g.,
that have coil resistances greater than 60().

The basic relay-driving timer circuit of Fig 5 can be
adapted for use in a variety of useful applications. Some
typical examples are shown in Figs 6 to 9.
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Fig. 6: Relay-output general-purpose timer covers 0.9 sec to
100 sec in two decade ranges.

Fig 6 shows the practical circuit of a relay-output
general-purpose timer that covers 0.9 seconds to 100
seconds in two decade ranges: The circuit has a RESET
facility provided via S,, so that timing periods can be
aborted part way through a cycle if necessary. A
noteworthy feature of this circuit is that the maximum
timing periods of each decade range of the timer can be
precisely pre-set via R; or Rg, which effectively shunt
the built-in potential divider of the 555 and thus
influence the timing periods: This facility enables the
circuit to give precise timing periods even when
wide-tolerance timing capacitors are used.

To set up the Fig 6 circuit, first set R, to maximum
value, set RANGE switch S; to position 1, activate
START switch S,, and adjust Ry to give a timing period
of precisely 10 seconds. Next, set S; to position 2,
activate START switch S,, and adjust Rg to give a
timing period of precisely 100 seconds. All adjustments
are then complete, and the timer is ready for use.

DELAYED HEADLIGHT TURN-OFF

Fig 7 shows the practical circuit of an automatic
delayed-turn-off headlight control system for auto-
mobiles. This facility enables the owner to use the car
lights to illuminate his path for a pre-set time after
parking as he leaves the garage or walks along a
driveway, etc. The circuit does not interfere with normal
headlight operation under actual driving conditions. 1t
works as follows.

When the ignition switch is turned to the ON

position current is fed to the coil of the relay via D; and
the 12 wvolt supply rail, so the relay turns on and
contacts RLA/1 close. As the contacts close they
connect the 12 volt supply to the timer circuit and to
the headlight switch. Thus, under this ‘ignition on’
condition the headlights operate in the normal way.
Note that, since one side of C, is connected directly to
the positive supply rail and the other side is taken to the
positive rail via R,, the capacitor is fully discharged
under this condition.

The moment that the ignition switch is turned to the
OFF position the Dj-derived current supply to the relay
coil is broken, and simultaneously a negative-going
trigger pulse is fed to pin 2 of the 555 as the C,-R,
junction drops to ground volts and C, charges up. Now,
relays are inherently slow-acting devices, so contacts
RLA/1 do not open instantaneously as the ignition
switch is turned off. Conversely, the 555 is a very fast
triggering device, and the instant that the trigger pulse
is generated via the turn-off action of the ignition switch
a timing cycle is initiated and current is fed to the relay
coil via output pin 3 of the IC as it goes high. Thus the
relay remains on for a pre-set period after the ignition
switch is closed, and the positive supply rail remains
connected to the headlight switch for the duration of
this period. With the component values shown this
period is roughly 50 seconds.

At the end of the 50 second timing period, pin,3 of
the 555 switches to the low state and the relay turns
off. As it does so, contacts RLA/ 1 open and remove the
supply from the timer and the headlight switch, and the
headlights turn off. The operating sequence is then
.complete.

Readers may care to note that the above system of
operation is consistent with the practice adopted in
many modern vehicles of feeding the headlight switch
via the ignition switch, so that the headlights operate
only when the ignition is turned on. On older types of
vehicle, where headlight operation is independent of
the ignition switch, a manually-triggered
delayed-turn-off headlight or spotlight control facility
can be obtained by using the circuit shown in Fig 8. The

.action of this circuit is such that, if the vehicle is parked

with its lights off, they turn on for a pre-set 50 second
period as soon as a push-button START switch is
momentarily closed, and at the end of this period turn
off again automatically.

The Fig 8 circuit uses a relay with two sets of
normally-open relay contacts. The timing sequence is,
initiated by momentarily closing push-button switch
S,. Normally, both S, and the relay contacts are open,
so zero power is fed to the timer circuit and the lights
are off. C, is discharged under this condition.

When S, is momentarily closed power is fed directly
to the relay coil, and the relay turns on. As the relay’
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turns on contacts RLA/ 2 close and apply power to the
vehicle lights and contacts RLA/1 close and apply
power to the timer circuit, but pin 2 of the IC is briefly
tied to ground via C, and R; at this moment, so a
negative trigger pulse is immediately fed to pin 2 and a
timing cycle is initiated. Consequently, pin 3 of the 555
switches high at the moment that the relay contacts
close, and thus locks the relay into the ON condition
irrespective of the subsequent state of START switch
S,. so the lights remain on for the duration of the 50
second timing cycle. At the end of the timing cycle pin
3 of the |.C. switches to the low state, so the relay turns
off and contacts RLA/1 and RLA/2 open, disconnect-
ing power from the timing circuit and the lights. The
operating sequence is then complete.

PORCH LIGHT

Finally, to conclude this ‘Timer Circuits’ section of the
555 story, Fig 9 shows the circuit of a relay-output
automatic porch light control unit that turns the porch
lights on for a pre-set 50 second period only when
suitably triggered at night time or under ‘dark’
conditions: The circuit is triggered via switch S;, which
‘may take the form of a microswitch activated by a porch
gate or a pressure-pad switch activated by body weight
and concealed under a porch mat or rug.

The operation of the Fig 9 circuit relies on the fact
that for correct timer operation the negative-going
trigger pulse that is fed to pin 2 of the IC must fall
below the internally-controlled ‘1/3 V.. voltage value

of the 5655. If the trigger pulse does not fall below this

value, timing cycles can not be initiated by the trigger
signal.

minimum ‘dark’ level at which the circuit will trigger.
Note that the trigger signal is fed to pin 2 of the IC via
the C,-R; combination, which act as a trigger signal
conditioning network that effectively isolates the d.c.
component of the LDR-R, potential divider from the
trigger pin of the IC.

MONOSTABLE PULSE GENERATOR CIRGUITS

All the 655 timer circuits that we have looked at so far
act essentially as monostable muitivibrators or pulse
generators. The 555 can be used as a conventional
electronically-triggered monostable multivibrator or
pulse generator by feeding suitable trigger signals to pin
2 and taking the pulse output signals from pin 3. The IC
can be used to generate good output pulses with periods
from 5uS to several hundred seconds. The maximum
usable pulse repitition frequency is approximately
100kHz.

The trigger signal reaching pin 2 must be a carefully
shaped negative-going pulse. Its amplitude must switch
from an OFF value greater than 2/3 V_ to an ON value
less than 1/3 V. (triggering actually occurs as pin 2
drops through the 1/3 V, value). The pulse must have
a width greater than 100nS but less than that of the
desired output pulse, so that the trigger puise is
removed by the time the monostable period terminates.

One way of determining a suitable trigger signal for
the 5655 monostable circuit is to convert the input signal
to a good square wave that switches between ground
volts and the full positive supply rail voltage, and then
couple this square wave to pin 2 of the IC via a simple
short time-constant C-R differentiating network, which
converts the leading or trailing edges of the square
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Fig. 9: Automatic porch light turns on for a pre-set period only
when triggered at night.

In this design, light-dependent resistor LDR and pre-
set resistor R, are wired in series as a light-dependent
potential divider. One side of switch S, is taken to the
output of this potential divider, and the other side of the
switch is taken to pin 2 of the IC via the C,-R,
combination. Under bright or daylight conditions the
LDR acts as a low resistance, so a high voltage appears
at the output of the potential divider. Consequently, the
act of closing S; causes a voltage pulse much higher
than ‘1/3 V. to be fed to pin 2 of the chip, so the timer
is not triggered via S, under the ‘daylight’ condition.

Conversely, the LDR acts as a high resistance under
dark or 'night’ conditions, so a low voltage appears at
the output of the potential divider. Consequently, the
act of closing S, causes a voltage pulse much lower
than “1/3 V. to be fed to pin 2 of the IC, so the time
circuit is triggered via S; under the 'night’ condition.

In practice, the LDR can be any cadmium-sulphide
photocell that presents a resistance in the range 1k() to
100kQ under the required minimum ‘dark’ turn-on
condition, and R, can be adjusted to preset the
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Fig. 10a: Simple add-on pulse generator is triggereq by
rectangular input signals: circuit can be used at trigger
frequencies up to 100kH:z.

wave into suitable trigger pulses. Fig. 10a shows a
practical circuit that uses this basic principle, but is
intended for use only with input signals that are already
of square or pulse form.

Here, transistor Q, converts the rectanqular input
signal into a signal that switches between the ground
and positive voltage rails, and the resulting signal is fed
to pin 2 via the C,-R, differentiating network. The
circuit can be used as an add-on pulse generator in
conjunction with an existing square or pulse generator.
Variable-amplitude output pulses are available from pin
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3 via variable potential divider R6. The output pulse
widths can be varied over more than a decade range via
R,. and can be switched in overlapping decade ranges
by using the values of C1 listed in the table. With the
component values shown the pulse width is fully
variable from 9 uS to 1.2 seconds. Note that C3 is used
to decouple the pin-5 CONTROL VOLTAGE terminal
and improve the circuit stability.

Fig 10b shows how the above circuit can be
modified so that it can be driven from any type of input
waveform, including sine waves. Here, IC1 s
connected as a simple Schmitt trigger, which converts
all input signals into rectangular output signals, and
these rectangular signals are used to drive the 1C2
monostable circuit in the same way as described above.
The Fig 10b circuit can thus be used as an add-on pulse
generator in conjunction with an existing waveform
generator of any type that produces output signals with
peak-to-peak amplitudes greater than 1/2 V..
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Fig. 10b: Improved add-on pulse generator is triggered by any
input waveform.

Fig 11 shows how two basic monostable pulse
generators can be connected in series to make a
delayed pulse generator, in which IC1 is used as a

Schmitt trigger and IC2 controls the delay width and’

IC3 determines the output pulse width: The final output
pulse appears some delayed time after the initial
application of the trigger signal. This circuit can be
made into a self-contained instrument by building it into
the same cabinet as a simple square wave generator,
which can be used to provide the necessary drive
signals.

'F/g 11: Add-on delayed pulse generator is tnggered by any
input waveform. For C1 (and C7) values, see table in Fig. 10a.

Any number of basic monostable pulse generators
can be wired in series to give a sequential form of
operation. Fig 12 for example, shows the circuit and
wave-forms of a 3-stage sequential generator, which
can be used to operate lamps or relays, etc., in a
pre-programmed time sequence once an initial START
command is given via push-button switch S,. Note that
the pin 4 RESET terminal of all ICs are shorted together
and positively biased via R7, and that these terminals
can be shorted to ground via SET switch S2: This SET
switch should be ciosed at the moment that power is
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Fig. 12: 3-stage sequential timer T
or pulse generator.

ouTrPuTs

first applied to the circuit, to ensure that none of the ICs
are falsely triggered at this moment.

Finally, three or more monostable circuits can be
connected, via C9, in a continuous loop, with the
output of the last monostable feeding back to the input
of the first monostable, to form a ‘chaser’ circuit in
which the sequential action repeats to infinity. This type
of circuit can be used to drive lamp or LED displays, etc.
Note that the circuit is again provided with the S, SET
facility, so that the circuit can be emptied at the
moment that power is first applied.

ASTABLE MULTIVIBRATOR GIRCUITS

Fig 13 shows the practical circuit of a basic 1kHz astable
multivibrator, together with the formulas that define the
timing of the circuit. Note that TRIGGER pin 2 of the
chip is shorted to the pin 6 THRESHOLD terminal, and
that timing resistor R2 is wired between pin 6 and
DISCHARGE pin.7.

When power is first applied to the circuit C1 starts to
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Fig. 13: Basic circuit of 1KHz astable mu/t/wbrator with
timing formulas.

charge exponentially (in the normal monostable fashion)
via the series R1-R2 combination, until eventually the
C1 voltage rises to 2/3 V. At this point the basic
monostable action terminates and DISCHARGE pin 7
switches to the low state. C1 then starts to discharge
exponentially into pin 7 via R,, until eventually the C1
voltage falls to 1/3 V., and TRIGGER pin 2 is
activated. At this point a new monostable timing
sequence is initiated, and C1 starts to recharge towards
2/3 V. via R1 and R2. The whole sequence then
repeats add infinitum, with C1 alternately charging
towards 2/3 V. via R1-R2 and discharging towards
1/3 V, via R2 only.

Note in the above circuit that, if R2 is very large
relative to R1, the operating frequency of the circuit is
determined essentially by the R2 and C1 values, and
that a virtually symmetrical output waveform is
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generated. The graph of Fig 14 shows the approximate
relationship between frequency and the C1-R2 values
under the above condition. In practice, the R1 and R2
values of the circuit can be varied from 1kQ up to tens
of megohms. Note, however, that R1 has a significant
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Fig. 14: Approximate relationship between C1, R2, and
frequency when R2 is large relative to R1.

effect on the total current consumption of the circuit,
since pin 7 of the IC is virtually grounded during half of
the timing sequence. Also note that the duty cycle or
mark/space ratio of the circuit can be pre-set at a
non-symmetrical value, if required, by suitable choice
of the R1 and R2 values.

The basic circuit of Fig 13 can be usefully modified
in a number of ways. Fig 15, for example, shows how it
can be made into a variable-frequency square wave
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Fig. 15: Variable frequency square wave generator covers the
range 650Hz- 7. 2kHz approximately.

so that its MARK and SPACE periods are independently
variable over the approximate range 7.5uS to 750uS.
Here, timing capacitor C1 alternately charges via
R1-R2-D1 and discharges via R3-R4-D2.

Fig 17 shows how the circuit can be additionally
modified so that it acts as fixed-frequency square wave
generator with a mark/space ratio or duty cycle that is
fully variable from 1% to 99%. Here, C1 alternately
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Fig. 17: Astable multi with duty cycle variable from 1 to 99%
with frequency approximately constant at 1.2kHz.

charges via R1 and the top half of R2 and via D1, and
discharges via D2-R3 and the lower half of R2. Note
that the sum of the two timing periods is virtually
constant, so the operating frequency is almost
independent of the setting of R2.

GATING A 555 ASTABLE
The 555 astable circuit can be gated ON or OFF, via
either a switch or an electronic signai, in a variety of
ways. Figs 18 and 19 show two basic ways of gating
the IC via a switch.

In Fig 18 the circuit is gated via the pin 4 RESET
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Fig. 18: Gated 1kHMZ astable with ‘press to turn-off” or ‘press
to turn-on’ operation.

generator by replacing R2 with a fixed and variable
resistor in series. With the component values shown the
frequency can be varied over the approximate range
650Hz-7.2kHz via R2.

Fig 16 shows how the circuit can be further modified
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Fig. 16: Astable multi with mark and space periods
independently variable over the approximate range 7.5u8 to
750vs.
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terminal. The characteristic of this terminal is such that,
if the terminal is biased significantly above a nominal
value of 0.7 volts, the astable is enabled, but if the
terminal is biased below 0.7 volts by a current greater
than 0.1mA (by taking the terminal to ground via a
resistance less than 7k(Q), for example) the astable is
disabled and its output is grounded. Thus, the Fig 18
circuit is normally on but can be turned off by closing
S1 and shorting pin 4 to ground, while the circuit
shown in dotted lines is normally gated off via R, but
can be turned on by closing S, and shorting pin 4 to the
positive supply rail. These circuits can alternatively be
gated by applying suitable electronic signals directly to
pin 4.

The Fig 19a and 19b circuits are gated via the pin 2
TRIGGER and pin 6 THRESHOLD terminals. The
characteristic here is such that the circuit functions as a
norma! astable only as long as pin 6 is free to swing up
to 2/3 V. and pin 2 is not biased below 1/3 V.. if

these pins are simultaneously driven below 1/3 V. the
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Fig. 19A: Alternative gated 1kHz astable with ‘press to
turn-off’ operation.

astable action is immediately terminated and-the output
is driven to the high state. Thus, the Fig 19a circuit is
normally on but turns off when S1 is closed. Note that
an electronic signal can be used to gate the circuit by

connecting a diode as indicated and eliminating S;. In’

this case the circuit will gate off when the input signal
voltage is reduced below 1/3 V..

The Fig 19b circuit is connected so that it is normally
gated off by saturated transistor Q1, but can be gated
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R3 < = oV 2 < R5
S T, = 10k =
’ipness si™ .
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555 | 2
{1
ov ouT
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Fig. 19B: Alternative gated 1kHz asfab/e with ‘press to
turn-off’ operation. ’

on by closing S1 and thus turning the transistor off.
This circuit can be gated electronically by eliminating
R5 and S1 and applying a gating signal to the base of
Q1 via a 10kQ) limiting resistor. In this case the astable
turns off when the input signal is high, and turns on
when the input signal is reduced below 0.7 volts or so.

All the 555 astable circuits that we have looked at
can be subjected to frequency modulation (FM) or
pulse-position modulation (PPM) by simply feeding a
suitable modulation signal to pin 5. This mc “ilation
signal can take the form of an A.C. signa! that is te.i to
pin b via a blocking capacitor, as in the case of Fig 20a
ora D.C. signal that is fed directly to pin 5, as in the case
of Fig 20b. The action of the chip is such that the
voltage on pin 5 influences the width of the 'mark’
pulses in each timing cycle, but has no influence on the
‘space’ pulses. Thus, since the signal on pin 5
influences the position of each 'mark’ pulse in each
timing cycle, this terminal provides pulse-position
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Fig. 20: Alternative ways of obtaining frequency or
pulse-position modulation (FM or PPM) from the 555 astable
circuit.

&
(1~

#
ANA
YW

]

555
TIMER

I'TF\J'I

HJT
4

s 5

‘resistive control.

modulation (PPM), and, since the signal influences the
total period of each cycle (and thus the frequency of the
output signal), the terminal also provides frequency
modutation (FM). These facilities are useful in special

-waveform generator applications, as is shown in the

next section.

MISCGELLANEOUS ASTABLE APPLICATIONS

The 555 astable multivibrator has three outstanding
advantages over other types of astable circuit. First, its
frequency can be varied over a wide range via a single
Second, its output has a low
impedance and can source or sink current up to
200mA. Finally, its operating frequency can readily be
modulated by applying a suitable signal to pin 5 of the
IC. These features make the device exceptionally
versatile, and it can be used in a vast range of practical
applications of interest to both the amateur and
professional user.

MORSE PRACTICE OSCILLATOR
Fig 21 shows how the 555 timer |.C. can be used as a
morse-code practice oscillator. The circuit acts as a
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Fig. 21: Code-practice oscillator with variable tone
(300Hz..3kHz} and variable volume.

normal astable, with frequency variable over the
approximate range 300Hz — 3kHz via TONE controi
R3. The ‘phone volume is variable via R5, and the
‘phones can have any impedance from a few ohms up
to megohms. The circuit draws zero quiescent current,
since the normally-open morse key is used to connect
the circuit to the positive supply rail, which can have
any value in the range 5 volts to 15 volts.

Fig 22 shows how the 555 astable circuit can be
used in LED flasher applications. This circuit operates at
approximately 1 Hz, and has a single LED. The Fig 22
circuit has a single LED output; the dotted section
shows how a second may be added, such that one LED
is on while the cther is off, and vice versa. Any types of
LED’s can be used in this circuit. Series resistors R, or
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Fig. 22: Single and dual output led flashers give symetrical 1Hz
outputs.
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R, determines the ON current of each LED.

Fig 23 shows how the Fig 22 circuit can be modified
to give automatic dark-activated operation. Here, R4
and R5 are wired as a fixed potential divider that sets
1/2 V, on the emitter of Q1, LDR and R7 are wired as
a light-sensitive potential divider that applies a variable
voltage to the base of Q1, and the collector of Q1 is
taken to RESET pin 4 of the IC, which is normally
biased to ground via R6.
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Fig. 23: Automatic (dark-activated) flasher.

In use R7 is adjusted so that the voltage to the base
of Q1 is greater than 1/2 V_ under ‘daylight’
conditions, so Q1 is cut off, but under 'dark’ conditions
Q1 base is biased below 1/2 V_, so it is driven on.
thus, under daylight conditions Q1 is cut off, so the
555 astable is disabled, with its output driven low, by
4.7k() resistor R6 which is wired between pin 4 and
ground. Under ‘dark’ conditions, on the other hand, Q1
is biased on, so pin 4 is positively biased, and the
astable operates normally and activates the LED.

The LDR used in the above circuit can be any
cadmium-sulphide photocell that presents a resistance
in the approximate range 470Q to 10kQ under the
minimum ‘dark” turn-on condition,

The dotted section shows how the 555 astable
circuit can be used as a 12 volt relay pulser, which
turns the relay on and off at a rate of one cycle per
second. The relay can be any type with a coil resistance
greater than 60().

ALARM GENERATOR

Fig 24 shows the connections for making an 800H:z
monotone alarm-call generator. The circuit can be used
with any supply in the range 5 to 15 volts, and with any
speaker impedance. Note, however, that R, must be
wired in series with speakers having impedance less
than 75(Q), and must be chosen to give a total series
impedance of at least 75Q), to keep the peak speaker
currents within the 200mA driving constraints of the
555. The available alarm output power of the circuit
depends on the speaker impedance and supply voltage
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Fig. 24 a, b, ¢, d: Monotone alarm activated by dark (2}, light
(b), under-temperature (c), or over-temperature (d).
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Fig. 24: 800Hz Monotone alarm call generator.

used, but may be as great as 750mW when a 75Q
speaker is used with a 15 volt supply.

The above circuit can be modified so that it is
activated by darkness (a), by brightness (b), by an
under-temperature (c), or by an over-temperature (d).
Pin 4 is disconnected from the + Ve supply, and
connected to the triggering circuit, which is designed
around Q1. This works in the same way as already
described for the automatic (dark-activated) LED
flasher. The LDR used in the light-activated versions of
this circuit can be any cadmium-sulphide photocells
that present resistances in the approximate range 470Q
to 10kQQ at the desired turn-on leveis. The thermistors
used in the temperature-activated versions of the circuit
can be any negative- -termperature- -coefficient types that
present resistances in the same range at the requnred
turn-on temperatures.

ALARMS AND SIRENS

The next 4 diagrams show a variety of useful alarm-call
generator circuits. The Fig 25 circuit generates an
800Hz pulsed tone alarm call. Here, IC1 is wired as an
800Hz alarm generator, and IC2 is wired as a 1Hz
astable which gates IC1 on and off via D1 once every
second, thus causing a pulsed-tone output signal to be
generated.
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Fig. 25: Pulsed-tone (800Hz) alarm call generator.
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The Fig 26 circuit generates a warble-tone alarm
signal that simulates the sound of a British police siren.
Here, IC1 is again wired as an alarm generator and IC2
is wired as a 1Hz astable multivibrator, but in this case
the output of IC2 is used to frequency modulate IC1 via
R5. The action is such that the output frequency of IC1
. alternates symmetrically between 500Hz and 440Hgz,
taking one second to complete each alternating cycle.
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Fig. 26: Warble-tone alarm-call generator simulates British
police siren.

440 — 500Hz ASTABLE =

The circuit of Fig 27 generates a "wailing’ alarm that
simulates the sound of an American police siren. Here,
IC2 is wired as a low frequency astable that has a
cycling period of about 6 seconds. The slowly varying
‘ramp waveform on C; of this chip is fed to pnp emitter
follower Q1., and is then used to frequency modulate
alarm generator IC1 via R6. IC1 has a natural centre
frequency of about 800Hz.- The circuit action is such
that the alarm output signal starts at a low frequency,
rises for 3 seconds to a high frequency, then falls over 3
seconds to a low frequency again, and so on add
infinitum.
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Fig 27: ‘Wailing® alarm simulates American police siren.

Finally, to complete this quartet of alarm generator
circuits, the Fig 28 circuit generates a siren alarm signal
that is a simulation of the ‘Red Alert’ alarm used in the
STAR TREK T.V. programme: This signal starts at a low
frequency, rises for about 1.15 seconds to a high
frequency, ceases for about 0.35 seconds, then starts
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Fig. 28: ‘Red alert’ siren alarm simulates Star Trek alarm
signal.
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rising again from a low frequency, and so on add
infinitum. The circuit action is as follows:

IC, is wired as a non-symmetrical astable
multivibrator, in which C1 alternately charges via R1
and D1, and discharges via R2, thus giving a rapidly
rising and slowly falling ‘sawtooth’ waveform across
C1. This waveform is fed to pnp emitter follower Q1,
and is thence used to frequency modulate pin 5 of IC1
via R6. Now, the frequency modulation action of pin 5
of the IC1 astable circuit is such that a rising voltage on
pin 5 causes the astable frequency to fall, and vice -
versa; consequently the sawtooth modulation signal on
pin 5 causes the astable frequency to rise slowly during
the falling part of the sawtooth and collapse rapidly
during the rising part of the sawtooth. The rectangular
pin 3 output of IC, is used to gate IC1 off via npn
common emitter amplifier Q2 during the collapsing part
of the signal, so only the rising parts of the alarm signal
are in fact heard, as in the case of the genuine STAR
TREK ‘Red Alert’.

MISCELLANEOUS APPLICATIONS

To complete the 555 story, this final section shows a
miscellany of 555 applications, of varying degrees of
usefulness. Fig 29 shows how a single 5655 can be used
as the basis of an event-failure alarm or a'missing-pulse
detector, which closes a relay or illuminates an LED if a
normally recurrent event fails to take place.
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Fig. 29: Event-failure alarm or missing-pulse detector has relay
or LED output.

The operating theory of the circuit is fairly simple.
The 555 is wired as a normal monostable pulse
generator, except that transistor Q1 is wired across
timing capacitor C1 and has its base taken to TRIGGER
pin 2 of the IC via R3: The TRIGGER pin is fed with a
train of pulse- or switch-derived clock input signals from
the monitored event, and the values of R1 and C1 are
selected so that the monostable period of the IC is
slightly longer than the repetition period of the clock
input signal. N )
” Thus, each time a clock pulse arrives, a monostable
timing period is initiated via pin 2 of the IC, and C1 is
discharged and the pin 3 output is driven high via
transistor Q1. Before each monostable period can
terminate, a new clock pulse arrives, and a new
monostable period is initiated, so the pin 3 output
terminal remiains high so long as clock input pulses
continue to arrive within the prescribed period limits.
Should a clock pulse be missed, or the clock period
exceed the pre-determined limits, however, the
monostable period will be able to terminate normally,
and pin 3 of the IC will go low and drive the relay or
LED on. The circuit thus functions effectively as an
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event-failure alarm or missing-pulse detector. With the
component values shown, the monostable has a natural
period of about 30 seconds. This period can be varied
via R1 and C4 to satisfy specific requirements.

Fig 30 shows how a couple of 555s can be used to
make a pulse-width modulation (PWM) circuit. This
circuit can be used for transmitting coded messages, or
for applying variable power to a load at maximum
efficiency. :

Here, IC1 is wired as a 1kHz astable multivibrator,
which is used to feed a continuous train of clock pulses
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Fig. 30: Pulse-width modulation (PWM) circuit.
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to the pin 2 TRIGGER terminal of IC2, which is wired as
a normal monostable multivibrator or pulse generator
and has a natural monostable period of approximately
0.36mS. The external modulation signal is fed to the
pin 5 CONTROL VOLTAGE terminal of the monostable
via C4, and determines the instantaneous widths of the
generated pulses. Thus, the circuit generates a train of
pulse-width modulated (PWM) pulses at a fixed
repitition frequency of 1kHz.

SCOPE TIMEBASE -
Fig 31 shows how a basic 555 monostable
multivibrator can be modified so that it generates a
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Fig. 31: Triggered linear-ramp generator can be used as the
basis of an oscilloscope timebase.

‘linear ramp waveform of fixed duration each time it is
triggered: This circuit can form the basis of an excellent
oscilloscope time-base generator. The circuit works just
like a normal monostable circuit, except that timing
.capacitor C1 is charged via constant-current generator
Q1 during each timing cycle, thus causing a linear ramp
voltage to be generated across C1. ‘

When a capacitor is charged via a constant-€urrent
generator, the voltage across the capacitor rises linearly
at a predictable rate that is determined by the
magnitudes of the charging current and the capaci-
tance. The relationship can be expressed as:

Volts-per-second= |/C, when | is expressed in Amps
and C is expressed in Farads.

In this circuit the charging current can be varied over
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the approximate range SOuA to 1mA via R,, thus
giving rates of rise on the .01 uF capacitor of 9V-per-mS
to 100V-per-mS. Now, remembering that each
monostable period of the 555 circuit terminates at the
point when C1 voltage reaches 2/3 V,, and assuming
that a 9V supply is used (giving a 2/ 3 V. value of 6V),
it can be seen that the monostable cycles of the Fig 32
circuit have periods variable from 666 uS to 60uS.
Periods can be increased beyond these values by
increasing the C1 value, or vice versa. Note when using
this circuit that its supply rail must be stabilised if stable
timing periods are to be obtained.

If the circuit of Fig 31 is to be used as the basis of an
oscilloscope timebase, note that the input driving signal
must first be converted to a good square wave, from
which suitable trigger pulses can be derived via C3 and
R5. The minimum useful ramp period that can be
obtained from the circuit is about 5uS, which, when
expanded to give full deflection on a ten-division ‘scope
screen, gives a maximum timebase speed of
0.5uS-per-division. Flyback beam-suppression signals
can be derived from the pin 3 OUTPUT terminal of the
IC.

The ‘timebase’ circuit gives superb signal synchro-
nisation at trigger frequencies up to about 150kHz. If
the timebase is to be used with input signal frequencies
greater than this, the input signals should be divided
down via a single- or multi-decade digital divider. Using
this technique, the timebase can be used to view input
signals up to many MHz.

Fig 32 shows how a 555 can be connected for use
as a simple but effective Schmitt trigger or
Sine/Square converter. The circuit acts as a good
converter at input frequencies up to 150kHz or more. It
works by changing its output state each time the pin 2
input signal swings from above the 2/3 V_ level to
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Fig. 32: 555 Schmitt trigger circuit acts as excellent
sine / square converter up to about 150kHz.

below the 1/3 V_, level, or vice versa. Resistor R3 is
wired in series with pin 2 of the chip to ensure that the
input signal is not adversely influenced by the transition
action of the IC.

Fig 33 shows how the basic Schmitt circuit can be
adapted to a dark-activated relay driving application by
wiring light-dependent potential divider R1-LDR to the
pin 2 input terminal of the [C. This circuit has an
inherently high degree of input backlash, and is likely to
be of value in only very specialised applications.

A far more useful relay-driving switching circuit is
shown in Fig 35. This circuit has negligible input
backlash, and can be used as either a light- or
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Fig. 33: Dark-activated relay switch has built-in backlash.

temperature-activated switch. In light-activated appli-
cations R1 is wired in series with a cadmium-sulphide
photocell that presents a resistance in the approximate
range 470Q to 10kQ at the required turn-on level.
Dark-activated operation can be obtained by using the
connections shown in Fig 34a or light-activated
operation can be obtained by using the connections
shown in Fig 34b.
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Fig. 34: Minimum-backlash relay switch can be activated by
dark (a), light (b), under-temperature (c), or over-temperature

(dj. .

For temperature-activated operation, R1 must be
wired in series with a negative-temperature-coefficient
thermistor. This thermistor must present a resistance in
the range 470Q) to 10k() at the required turn-on level.
Under-temperature operation can be obtained by using
the connections shown in Fig 34c, or over-temperature
operation can be obtained by using the connections
shown in Fig 34d.

1kHz ANALOGUE FREQUENCY METER

This circuit needs a square-wave input driving signal
with a peak-to-peak amplitude of 2 volts or greater. In
this circuit the 555 is wired as a standard monostable
multivibrator or pulse generator, and is powered from a
regulated 6V supply. Transistor Q1 is used to amplify
the square wave input signals to a level suitable for
triggering the monostable stage, and the output of the
monostable is fed to TmA fsd meter M1 via multiplier
resistor RS and offset-cancelling diode D1. This meter
gives a reading that is directly proportional to the
frequency of the square wave input signals, and its
operating theory is as follows:

Each time the monostable multivibrator is triggered

it generates a pulse of fixed duration and fixed-

amplitude. If we assume that each generated pulse has
a peak amplitude of 10V and a period of 1mS, and that
the pulse generator is triggered at an input frequency of
500Hz, it can be seen that the pulse is high (at 10V) for
500mS in each 1000mS (one second) total period, and
that the MEAN value of output voltage measured over
this total period is 250mS/1000mS x 10V = 5V, or
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50% of 10V. Similarly, if the input frequency is 250Hz
the pulse is high for 260mS in each 1000mS total
period, so the mean output voltage equals
250mS/1000mS x 10V= 2.5V, or 25% of 10V.
Thus, the mean value of output voltage of the pulse
generator, measured over a reasonable total number of
pulses, is directly proportional to the repitition
frequenty of the generator.

Normal moving coil meters are ‘mean’ reading
instruments, and in the Fig 35 circuit a TmA fs.d.
moving coil meter is wired in series with voltage
multiplier resistor RS, which sets the meter sensitivity
at about 3.4V fsd, and is connected so that it reads the
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Fig. 35: Simple 1kHz linear-scale analogue frequency meter.

mean output voltage of the pulse generator. This meter
thus gives a reading that is directly proportional to
frequency, and the circuit thus acts as a linear-scale
analogue frequency meter. With the component values
shown the circuit is intended to read fsd at 1kHz. To set
up the circuit initially, simply feed a 1kHz square wave
signal to its input, and then adjust R2 (which controls
the pulse lengths) to give full-scale reading on the
meter; all adjustments are then complete.

The full-scale frequency of the above circuit can be
varied from about 100Hz to about 100kHz by suitable
choice of C1 value. The circuit can be used to read
frequencies up to tens of MHz by feeding the input
signals to the monostable circuit via a single- or
multi-decade digital divider, thereby reducing the input
frequencies to values that can be read by the
monostable circuit. The circuit-can form the basis of an
excellent and inexpensive multi-range linear-scale
analogue frequency meter. e

)
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1-12MINUTE TIMER

—  The circuit

is centred around the
NEbB55V timer which provides a logic
0 level at pin 3 every 1 - 12 minutes,
depending upon the position of the 12
way switch (SW1). SW2 is a push-
button switch which synchronises the
first pulse (originally a switch circuit
was fitted to the reset pin, 4, but the
first timing period was never the same
as the subsequent periods). The var-

iable 22k resistor allows a degree of
fine adjustment for the timing period.
Gates A and B form a tone gener-
ator. Gate C inverts the output of the
* NEB55V so that a logic ‘1" is fed to
gate D at the end of each timing per-
iod. Thus a tone burst of a few sec-
onds is produced by the transducer
(any surplus crystal microphone insert
should be suitable).
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Monolithic timers form
transducer-to-recorder interface

by T. George Barnett
Laindon, Essex, England

Capacitive transducers often require an expensive capac-
itance bridge to transform sensed capacitance variations
into a voltage for presentation on a chart recorder or
oscilloscope. A circuit using two monolithic timers can
provide both a capacitance-to-voltage interface and a
simple and accurate method for measuring the trans-
ducer capacitances.

As shown in the figure, the transducer serves as a
capacitive frequency-determining element for the 555
timer. This makes it possible to measure transducer
capacitances indirectly, while isolating the transducer
from the scope or chart recorder to minimize the loading
effect. The LMS55CN timing device is connected in the

and C,. The transducer, typically in the range of 0.001
to 100 microfarads, is element C, in the timing network.

As the transducer capacitance varies in response to the
physical parameter being measured, the output frequen-
cy of the 555 varies linearly. The ratio of R, to R, sets
the duty cycle, which depends on the frequency range
desired.

The output of the 555 is presented to the LM322N
timer. This circuit, wired as a monostable multivibrator,
and combined with the one-pole resistance capacitance
filter, forms a frequency-to-voltage converter. The dc
output voltage varies linearly with the input frequency,
and has a slope of 0.1 volt per kilohertz. The linearity is
within 0.2% over the output voltage range of O to 1 v.

A 1-kilohm potentiometer connected to pin 7 of the
322 adjusts the output pulse width, serving to calibrate
the system to a specified voltage at 10 kilohertz or some
other frequency. To ensure linearity, the collector of the
output transistor, pin 12, is fed to pin 4 (Vggr), so that
the amplitude of the pulse at pin 1, the emitter of the
output transistor, is constant. The period of the one-shot
should be much less than the period of the astable

astable mode, its free-running frequency set by R,, R,, multivibrator for best results. |
‘ 5V
u Ry
‘ 4 8 3 11
2 7 2 10
‘ LmsssCN |8 ’ ! imazen P2
O Ty TO CHART
K * 10k RECORDER
1 A 0R
fm 3 s Oxt ; 5 : 100 k2 OSCILLATOR
TN T / — AA——
ouTPUT sedoer | deouTPuT
27 m? 0.1V/kHz
. 1 7 6
1kQ § 1kQ2 :
] —’§ = 0.00334F S0 uF
0.01uF ——
47k %

L

Transducer-to-recorder interface. Two timers determine transducer capacitance, perform capacitance-to-voltage conversion for chart
recorder, while isolating transducer from output-circuit loading. Transducer placed in timing network of 555 astabie multivibrator determines
its frequency. LM322 one-shot, which should have a much shorter period than the multivibrator, transforms frequency into voltage.
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--An Electronic Timer for Less

Than $5.00

BY PETE WALTON,* VE3FEZ

Do you have a TV set in your bedroom?
Have you ever fallen asleep and left it on?
Or even worse, just find yourself falling
asleep and remember that you have to get up
and turn the TV off. This versatile timer
will turn the TV off from periods of three
minutes after you have gone to sleep to
periods up to about one hour. You can build
this timer in one evening for a total cost
of about $5.00 even if you have to buy all
new components.

The circuit takes advantage of a new in-
tegrated circuit from the Signetics Company
called the NE555. The NE555.is a very
stable monlithic timing circuit in the form
of an 8-pin dual-in-line package. It is cur-
rently selling for one dollar from most sup-
pliers. The NESSS is capable of time delays
from a few microseconds up to several
hours. These delay periods are dependent
on an external RC network consisting of
one resistor and one capacitor.

Very basically the IC is made up of a
voltage comparator circuit, one leg of which
is connected to a reference voltage, which

wr case is the power supply output volt-
o<. The other leg of the voltage comparator
is connected to the external RC network.
When the capacitor has charged to a voltage
equal to the reference voltage, the com-
parator will toggle a flip-flop connected to

its output. The ON level of this flip flop is
used to turn on a driver circuit which picks
up our time delay relay, This a very basic
description of a fairly complex IC. If you
require a better explanation of the internal
workings you can obtain one by writing to
the Signetics people and requesting a data
sheet.

The relay that I used was an IRC MR312
C with a coil resistance of 212 ohms. Al-
most any 12-volt relay will do the job as
long as it does not draw more than the
rated 200 ma limit from the output of the
NES5S5. The RC network is a 100 mf cap-
acitor in series with a five meg linear pot
and a one meg resistor. These values, with
the power supply that I used, gave time
delays of 3 minutes at the low-resistance
end of the pot and 58 minutes at the high-
resistance end. You may have to experiment
a little bit to get the exact time delay
range that you require. This is due to pos-
sible differences in power supply voltage
and components. You could even switch in
different values of R and C with a rotary
switch to give you several different time
delay ranges.

The power supply consists of an old six
volt filament transformer that was in the
junk box, a full wave rectifier, and filter
capacitor. Parts layout is not at all critical

*421 Lodor Street, Ancaster, Ontario, Canada. [Continued on page 82]
R2
M
. 6.3v. Time delay "
Fil. trans. 4-1N4003 v i
R1 [ C1 4-
WS & 7 100mf
117v. . 8 2 15v.
a.c, ._L 3000mf NES555 .
Standard 12v. 3 _1[ Push to
117v.9.c. = I— startor
receptical | S J K1 _L reset
o o N.C.

Fig. 1—Circuit of an inexpensive electronic timer adaptable to any number of simple timing

applications around the home or shack. With the values shown for R;, R, and C;, the timers

range is from 3 minutes to about one hour, using the power supply shown, Relay K is any 12-
volt-coil relay which draws 200 ma or less.

42 e CQ e August, 1973



$5.00 Timer [from page 42]

and the whole unit can be kept very small.
I built mine on a scrap piece of perf board
abc vo inches wide by about three inches
long. ~“The completed circuit board is
mounted in a standard Minibox using a
three wire power cord for safety. On the
front of the box is a standard 117-volt
three-wire receptacle, the pot for setting
the time delay period, and the push button
to start the timer. The time delay pot was
calibrated using an ordinary clock and a
lot of patience. n



The Tape Recorder Controller in Tech-Tips October 1977 was
incorrectly credited. It was in fact designed and submitted by P.

B. Cordes of Bishop Auckland.

T ———

Low Cost Transducer Amplifier 7. Barnett

Capacitative tranducers are often used
to measure displacement or pressure.
The versatility of the low-cost 5556
intergrated circuit timer can be utilis-

-ed with these types of tranducer to
provide a frequency modulated output.
This output, fed into a frequency-to-
voltage converter, will give an analog
output voltage proportional to the
capacitance of the tranducer.

The 555 module is connected with
the tranducer C, substituted for the
external timing capacitor. Precise
setting of the duty cycle is obtained
with resistors R_ and R,. and with pins
2 and 6 connecfed together, the device
will trigger itself and thus free-run as a
multivibrator. As the output will
source or sink current up to 200 mA
or drive TTL circuitry, it can be fed
directly into most types of frequency-
to-voltage converter.
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555 Volitage Control
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This circuit was developed to provide a
cheap, reliable and accurate voltage con-
trolled oscillator. 1t uses readily avail-
able components and the control over
mark-space ratio common to other 555

circuits is retained. Frequency-voltage
response is linear over approximately
one decade making the circuit useful in
timing applications.  Operation is as
follows.

IC1 buffers the input voltage and
produces the control current for 1C2,
IC2 is an operational transconductance
amplifier and produces an output current
multiplied by the differential input
voltage. This output current is used to
charge and discharge the capacitor C1 in
the normal way. The equation for out-
put high and output low times are given
below:

Output high time =_R1C1 (47.5+R4}
9024V control

Output low time = R1C1
192Vcontrol

where all resistances are in kilohms and

all capacitances are in microfarads.
Current consumption is a miserly
10mA from a 12V supply making the
unit suitable for battery power,
N.B. — R1 should not be less than 18k

Tech-Tips is an ideas forum and as such is not
aimed at the beginner; we regret that we can-
not answer queries on these items. We do
not build ‘up or test these circuits prior to
publication.
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Two 555 timers build
pulse-height discriminator

by R. Karni and T. Assis

LA.E.C. Nuclear Research Center, Negev, Israel

When making pulse and noise measurements, it is some-
times necessary to count the number of transients or
pulses of a given amplitude. By configuring two 555
timers as adjustable-threshold monostable multivibrators
with the output of one inhibiting the other, the resulting
pulse-amplitude discriminator generates a clean square-
pulse output only when it receives an input pulse of
predetermined magnitude.

As shown in the figure, each 555 is connected as a
basic monostable. In this configuration, a negative tran-
sition below a voltage level of V /3 at the trigger input
(pin 2) generates an output pulse at pin 3 of duration
1.1(RC). The voltage-dividing network at pin 2 permits
an adjustable bias from V ¢/3 to almost V ¢c. Therefore,
since a V¢c of 15 v has been chosen, triggering can be
made to occur on negative pulses from a minimum of

nearly 0 volt on up to a maximum of almost 10 volts.

Both timers have trigger inputs biased in the same
fashion, and both receive the same input pulse through
decoupling capacitors C, and C.. But the output of
timer A is connected through an inverting buffer-
transistor to the reset input (pin 4) of timer B; conse-
quently, whenever monostable A is triggered, B is inhi-
bited. It is this arrangement that permits the pulse
discrimination.

If the threshold of timer A is set higher than that of B,
only pulses having magnitudes between the two thresh-
olds will produce a pulse at the output. Pulses of a
magnitude less than the threshold of B will trigger
neither monostable, and those of a magnitude greater
than the threshold of A would trigger both—but the
inhibiting action of A on B will allow no output pulse to
be produced.

In using the discriminator, the control of B sets the
threshold of the incoming pulse, while the control of A is
set higher than B, to determine the “window” or the
difference of the two thresholds.

With the components shown, and a 15-v supply, the
pulse threshold is adjustable from 0 to about 10 v, and
the window can be varied from a maximum of just under

+Vee
Ve +Vee
* 8
200 Q2 % R 10k
THRESHOLD A 7
2
2kQ S 5?\5 5
100 k2
3 AAA——] IN2222A
L1ke G - -
0.001 uF 0.014F ' ji ¢
INPUT o =
+V
Vee Cy °¢
= a 8
200 2 0.001uF R
<
; 1.1RC
2 555
2k % 2 6 1
THRESHOLD B 3 Il o OUTPUT
1.1kQ _Ij -
0.01uF } =

Pulse-amplitude window. Two 555 timers, hooked up as monostabies with differing thresholds, select pulses by height. Timer A
inhibits B so that an output occurs only when pulse level is within window set by two controis. TTL output-pulse duration is 1.1(RC).
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10 v (when the threshold of B is set to minimum), down ground at the pin-2 trigger inputs of the timers.

to zero, when B is set to its maximum. If signals of The output, which can drive up to 200 milliamperes of

greater amplitude are to be encountered, suitable transistor-transistor-logic loads, may be connected to a
. dividers may be added to avoid transitions below counter or monitoring device. O




Compensating the 555 timer
for capacitance variations

by Kenneth Lickel
Philips Medical Systems Inc., Shelton, Conn.

With the 555 timer, any error in the value of the exter-
nal timing capacitor causes a corresponding error in the
duration of the output pulse. If several fixed timing re-
sistors are used to permit selection of various output
pulse widths, it may be desirable to compensate for the
capacitor variation instead of changing each timing re-
sistor. The circuit below allows correction for capacitor
tolerance variations up to *12.5% by adjustment of a
single variable resistor.

The output pulse width, t, is given by the time re-
quired for the timing capacitor to rise to the value of the
control voltage, Vcon. That relationship can be shown
by the equation:

Timer. External variable resistance alters control voitage of 555
timer to compensate for variations in timing capacitor.

Veon = Vec(l - eVRO)

t = -RCIn(l-Vcon/Veo)

This equation shows that the puise duration depends on
the ratio of Vcon to supply voltage V¢c for given values
of timing resistor R and timing capacitor C.

In the technique used to compensate for error in the
timing-capacitor value, the ratio Vcon/Vcge, is varied
with an external resistance that shunts the 10-kilohm
resistance inside the timer. As the circuit diagram
shows, this external resistance consists of a 200-kilohm
variable resistor R, in series with a 17.8-kilohm fixed
resistor Rg. The ratio Veon/Vee determined by the
voltage-dividing network is:

Veon/Vee = Rp/(Rp+5 kQ)
where
Ry = (10 k)(Ra+Re)/(10 kQ+ Ra+ Ry)

If Ra is set at its minimum value (zero):

TRIGGER

- e

PULSE II
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PULSE

Vee
Vee /
Q //
3 4 > T"V“NG
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S5k R
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A
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Timer’s built-in delay
circumvents false alarms

by Kamalakar D. Dighe
American Instrument Co., Silver Spring, Md.

A single 555 timer operating as an astable multivibrator
can be used to set its own delay time before turning on,
thereby circumventing the most annoying problem en-
countered with threshold-detector and industrial-alarm
circuits—how to distinguish between an actual trigger
signal and one that is generated by noise. With this
circuit, a wide range of delay periods can be selected to
negate the effects of noise spikes. '

The circuit requires one transistor and several diodes
to function, as shown in the figure. During the quiescent
(no-trigger) condition, Q, is biased on, D, clamps pin 5
of the timer to the approximately 0.8 volt, and D, is
back-biased. The R,;-R, voltage divider maintains the
positive plate of capacitor C, at 2.5 v and the Ry-R,
divider ensures that there is 1.5 v at the negative plate
(D; is forward-biased). Thus the initial voltage across C,
is 2.5—1.5 volts, or 1 v. Under these conditions, pin 6 is
at a higher voltage (1.5 v) than the control voltage (V.)

15V
R
14 8 < 7
she 30k o , ZBama
S0k | oatu
TRIGGER ool 5]  NE555 R
R3 ¢ \ p
- R l D
Tk ) a s "
= 6
01/_ = -I ’_:L 3 2] F 2MQ
2N4401 :[,4 2
S0 ks j 150k QUTPUT
-TL 15V
D, R3eTMR
H— J& 4
2 22
1MQ§ ol ]i 0,

TRIGGER 0— E

OUTPUT

B

E.

I T
‘—td—+—t1—’|‘—t2"|

Sure-fire. Circuit can differentiate between real and noise-generated
alarm signal by waiting a user-specified time before turning on.
Frequency and duty cycle of astable multivibrator can be tailored for
optimum response from foudspeaker or other audio-alarm monitor.
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at pin 5, and so the output of the timer at pin 3 is driven
low, back-biasing Dj.

The delay period begins when the trigger or alarm
input, represented by a switch, is grounded. Q, turns off,
and the coliector voltage climbs to 15 v, back-biasing D,
and bringing pin 5 to 3.8 v (the voltage depends on Rs,
which is in parallel with two 5-kilohm resistors internal
to the 555).

Meanwhile, D, becomes forward-biased, with the
result that approximately 14.5 v is applied at the positive
plate of C,, a step rise of approximately 12 v above the
previous voltage. D; is now back-biased; the step voltage
is therefore transferred to the negative plate of C,, and
pins 2 and 6 of the timer jump to 13.5 v. '

Because the threshold voltage (13.5 v) is still larger
than the control voltage (3.6 v), the output of the timer
remains low. However, C, now starts to charge through
R and the discharge transistor within the timer. If the
voltage at pins 2 and 6 reaches one half of the control
voltage before the trigger input is removed, the output
will move high. The time it takes the capacitor to charge
to 2 V. (that is, the delay time) is given by:

Vi
ta = R¢CiIn m

where V, is the maximum voltage, Vi is the final voltage
on C,, and V; is the initial voltage across C,. In this case,
Vo=145 v, Vi =145-AV. =127 v, and V; =

1.0 v. At the end of the delay period, the timer begins to

oscillate at a frequency and duty cycle that can be set by
the user.

When the timer’s output is high, D, is forward-biased
and the V. voltage is clamped to approximately 2 v. C, is
now discharging through R,, and when the threshold
voltage at pins 2 and 6 equals 2 v, the timer output
moves low, reverse-biasing D, and restoring pin 5 to
36vV. :

The time the output is high is given by:

t, = R7C1 ln(V.,/Vf)

where V, is the initial on-state voltage of C,
(14.5—1.8 = 12.7 v), and V; is the final voltage on C,
(14.5-2.0 = 12.5v).

When the output moves low in the cycle, C, starts to
charge through Rs. When the voltage at pins 2 and 6
drops from 2 to 1.8 v, the timer output goes high, the
discharge cycle begins, and the cycle is repeated until the
trigger signal is removed. The time the output is low is
given by:

- Vo—(Vp—Vi)
tz = R(,C] ln [Vm_ (V“ — V:)

where Vi 145 -18 = 12.7 v and Vi =
145 — 2.0 = 12.5v. Od

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions 1o design problems. Explain briefly but thoroughly
the circuit's operating principle and purpose. We'ill pay $50 for each itern published.
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IC TIMER CIRCUITS

The versatile 555 IC timer has many applications. Here are some
interesting ones including pulse-width and pulse-position modulators

ROBERT F. SCOTT
TECHNICAL EDITOR

THIS IS THE THIRD IN A SERIES OF ARTICLES
describing various applications of the 555
timer IC. In the article 555 Timer Applica-
tions (February 1976 issue), we saw how the
device is used in the monostable mode as a
time-delay generator and as a one-shot pulse
generator. In March, we covered operation in
the astable mode as a free-running oscillator
generating pulses and squarewaves. We also
threw in a few practical applications.

Monostable applications
Let’s take another look at the basic mono-
stable circuit (Fig. 1) and see how it can be

Ve (8 VTO 15 V)
Y

continuous train of pulses, the timing interval
of the monostable is continuously being reset
by each pulse in the evenly spaced chain as
long as the pulse spacing is less than the
timing interval. A decrease in pulse frequen-
cy or a missing pulse permits completion of
the time-interval so the output level goes
high—triggering an alarm or other device
connected to the output terminal. Figure 2-b

1.IR;C, apart will produce an output puise.
The operation of the divider is based on the
fact that retriggering cannot occur during the
timing cycle.

The output frequency f, of the divider
equals f;,/N, where N is the division factor.
Figure 3 shows the circuit waveforms for a
divide-by-five operation of the timer. The
timing period of the circuit is set to approxi-

TYPICAL APPLICATION DATA

MISSING PULSE DETECTOR
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FIG. 1—THE 555 TIMER connected for mono-
stable mode. Negative-going input pulse drives
output high for interval equat to R{Cy.

used for such applications as a heartbeat
monitor, frequency divider. pulsewidth mod-
ulator and pulse-position modulator.

Recapping monostable operation: The
output pulse is indepéndent of the input
waveform and is controlled by the time
constant of R{C;. At the onset, C; is held
discharged by an internal transistor con-
nected to the threshold control terminal. A
negative-going pulse on the trigger terminal
drives the output high and C; begins to
charge. When the voltage across Cy reaches
the threshold level (in a time interval deter-
mined by R;C;), the output immediately
returns to the “low” state.

Missing-pulse detector

When the 555 is connected as shown in
Fig. 2-a, it can detect a missing pulse or an
abnormally long period between two consec-
utive pulses in a train. Thus, it can be used to
detect intermittent firing of a sparkplug in an
internal combustion engine or to monitor the
heartbeat of a sick patient.

When connected as shown and fed with a

Vo + s
A
| S RT
2K
4 8
RESET Vee RL
QUTPUT QuTPUT
INPUT 565
TRIGGER
2 DISCHARGE
A Cr
conTROL THRESHOLD ’P 1
VOLTAGE GND '
Lo L |
:E0.0I[JF =

a

Veg =8V '
C=0.1uF

! § U
INPUT VOLTAGE

VOLTAGE-2v/Div

OUTPUT VOLTAGE
|

'

(fAPA CITOR VO LTAG]E
l | |

TIME-0.1 ms/DIV

b

FIG. 2—MISSING-PULSE DETECTOR is shown at a. Waveforms at b shows how output goes low

when there is a break in the input pulse chain.

shows the waveform when the timer is used
as a heartbeat monitor or missing-pulse
detector.

A shaper must be inserted between the
pickup transducer and the input to convert
the heartbeat or sparkplug signal into a series
of negative-going pulses.

Frequency divider

If the frequency of a pulse chain is known,
it can be divided down as required by feeding
it into a basic monostable circuit (Fig. 1) and
adjusting the length of its timing interval.
When the timing interval (T = LIRCy) is
longer than the period of the input trigger
puises, only those pulses that are more than

mately 4.5 times the period of the input pulse
chain.

A second timer, or the second section of a
dual device, can be used as a pulse shaper to
adjust the duty cycle of the output waveform.
Figure 4, from the Exar XR-2556 and Tele-
dyne D555 data sheets, shows the device
connected as a frequency divider and pulse
shaper. The output of timer | is fed to timer 2
whose frequency is set to that of the output of
timer 1. The duty cycle of the output wave-
form can be varied from 1% to 99% by
varying Ry.. Figure 5 shows the input and
output waveforms associated with the fre-
quency divider and pulse shaper shown in
Fig. 4.
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Pulse-width modulation

When the monostable-connected timer
(Fig. 1) is triggered by a continuous pulse
chain, the charge time of capacitor C;, and
thus the duration of the output pulse, can be
changed by varying the voltage on the
control terminal. The waveforms in Fig. 6
show the operation of the pulse-width
modulator.

INPUT
(5 kHz)

VOLTAGE — .
ACROSS
TIMING =

CAPACITOR 1 -

OUTPYT
(1 kHz)

FIG. 3~PREQUENCY-DIVIDER WAVEFORMS
from 555 set up to divide by five with 5-kHz
input.

Pulse-position modulation

When the timer is operated in the astable
mode, the instantaneous period or repetition
rate of the output pulse can be varied by
applying a modulation voltage to the control
terminal. Figure 8 the timer as a pulse-
position modulator and Fig. 9 shows the
related waveforms. In this example, the timer
operates as an oscillator whose output is
modulated by a triangular signal. Note,
however, that the modulating signal can have
any desired shape and may be derived from
another signal generator or from a pressure,
temperature or humidity sensor.

Linear ramp generator

When the timer is operated so the timing
capacitor Cy charges through a resistor, the
voltage across it increases logarithmically. If
we need a voltage that increases linearly with
time, we can replace timing resistor Ry with a
constant-current source and take the linearly
increasing voltage from across Cr. In Fig. 10,
a 2N2450, 2N4403 or similar transistor is
connected as the constant-current source.
Figure 11 shows the related waveforms.

- +Vc
L
6f 14| 8 DUTY CYCLE
L _ | conTROL
SR XR-2556 RT2 §
< 1,
3 1
~n Cr2
5 TIMER TIMER 8 1t
= : 2 1
R
2 13 L
INPUT 0— AN Vg
U L
o, || N oureo_| L[ LJ
1 al 7] | 12 _T_
f=fyn
0.001 7~ 0.01 :E :D :E
20K
Ve o—wvW

FIG. 4—FREQUENCY DIVIDER AND PULSE SHAPER. Timer 1 is frequency divider controlled by Ry,
and Cyy. Timer 2 is a pulse shaper. The output duty cycle is set by Ry; and Cr,.

INPUT
9 kHz

+3 0UTPUT

VARIABLE

FIG. 5—WAVEFORMS associated with the divid-
er and pulse shaper in Fig. 4.

(Note that in this application, the 0.010-pF
decoupling capacitor must be disconnected
from the control terminal. The modulation
voltage can be direct coupled or fed through
a suitable capacitor. Figure 7 shows how the
voltage applied to the control terminal affects
the pulse width or time delay of the signal
developed at the output of the timer.

Another long-time timer

The last time around, we showed three
timers connected in cascade to provide a time
delay much longer than is practical with a
single device. The overall delay is the sum of
the delays in the three timers. Another
method of achieving long delays is to use the
scheme (Fig. 12) described in application
notes supplied by most timer manufacturers.
In this case, the two halves of a dual timer are
connected in cascade with a type 8281 binary
counter between them. The first timer is
connected as an oscillator with a period of 1/
f. The 8281 counter provides selectable
outputs (at times equal to 2, 4, 8 and 16 times
the input) that are used to trigger the second
half of the dual timer. The RC constants in
the second timer are selected to give the
desired output pulse length.

For your car

Figure 13 is a simple electronic tachometer
described in Texas Instruments timer appli-
cation note. It is operated by pulses gener-
ated as the car’s distributor points open and
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- Cr = 0.02F
RL=IK -
e N
1 ~]
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<
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. A4 Alg,
I Lh s
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FIG. 6—OUTPUT PULSE WIDTH is determined
by voltage on control terminal. Waveforms

show circuit preformance with sinewave con-
trol.
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close. These pulses are shaped and clamped
by the !K input resistor and the 5-volt Zener
drode. The processed pulses are then fed to
the trigger input of the timer. The pulses on
the trigger terminal cause the timer output to
go “high” for a period equal to LIR{Cy.
During this time, the 1N457 diode is back-
biased and a current, determined by the
setting of the 200K CALIBRATION control,
flows through the meter. At the end of the
delay period, the output terminal goes “low”
(drops to around ground potential) and
removes the blocking bias from the diode.
The IN457 now conducts, forming a low-
impedance shunt around the meter.

I +15V

8 10K 39KE:
2 6
TRIGGER 0— 3
MC1555
R ] | 2N4403
MC1455 sweep [OR EQUIV
4 3 OUTPUT 100K <
RESET o— o+ —~ 3
DIGITAL | CT
is 1 OUTPUT 01
bele o j,

FIG. 10—LINEAR RAMP developed when timing
capacitor charges through constant-current
source.

INPUT
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VOLTAGE =

| ————

CAPACITOR 7

VOLTAGE | |

t 100us/CM

FIG. 11—WAVEFORMS developed in linear-
ramp generator.
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FIG. 13—ELECTRONIC TACHOMETER. Timer processes ignition pulses and controls current flowing

through the meter movement.

Non-timer applications

In previously described applications, the
timer was used in both the monostable and
astable modes for time delay or pulse gener-
ations. Another popular application is as a
controlled flip-flop. All we need to do is to
arrange for the voltage on the trigger
terminal to swing from below one-third V. to
a point above two-thirds V. under some
varying outside influence as light, pressure,
humidity or temperature. A control relay can
be connected from the output terminal to
ground or to V., depending on the applica-
tion.

Figure 14 shows how a 555-type timer and
an LDR such as a CdS photocell can be used
as a photosensitive relay in an intruder alarm
or for switching on a light at sunset and off at
sunrise. Under normal conditions, the light
falling on the photoresistive (or photocon-
ductive) cell causes its resistance to drop to a
low value. The voltage on the trigger terminal
is equal to onme-third V., or lower, keeping
the relay de-energized. As daylight fades, or
the light on the photocell is interrupted by an
intruder, the photocell resistance rises and
the relay is energized to actuate the alarm or

v,
cc oW
<’H
3l g
3 >
) PR ‘IS)KE; 0
1 —
- 1 34 101113146 B
Ssmes % 556 5 3—0(30 MIN) 112 556
9 5 8 8281 9p——o0(1 HOUR) *—j12 9b—o
2l— o (2 HOURS) OUTPUT
tr 7 12 {4 HOURS)
Traowrl—s . T
CLOCK TO NEXT COUNTER T~
N o FOR LONGER TIMES 01
o AR ~ =0
INPUT FROM
° 8281 COUNTER®™  [CT2

TOTAL PERIOD= 693 (Rp + 2 Rg) C7 .
(EXAMPLE VALUES FOR APPROX 15 MIN)

OUTPUT PULSE WIDTH = 1.1 Ry C2

FIG. 12—DUAL TIMER and 8281 presettabie binary counter teamed up for long time delays. The delay
can be as much as sixteen times that set by the time-constant of the first timer.

From this, we see that the meter is fed a
train of current pulses. The meter interprets
the ratio of the time that current flows
through it to the time that it is removed as
revolutions per minute. The best way to
calibrate the tachometer is against another of
known accuracy. Your local garage will
probably have a portable tach or will have
one built into their engine analyzer.

turn on a lamp. The variable resistor is a
SENSITIVITY control.

Another non-timer use of the 555 is as a
thermostat or an interface between a ther-
mistor and a power relay. An application of
this type is shown in Fig. 15.

For example, it can be used to turn on a
cooling or ventilator fan when the tempera-
ture reaches a certain level and turn it off

50uADC

=]

= M

T0
CONTROLLED
CIRCUIT

TNo—
RELAY CONTACTS t

FIG. 14—TIMER CONTROLS RELAY in photo-
electric applications. Circuit can be used to
control lighting or detect intruders.
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FIG. 15—ELECTRONIC THERMOSTAT can be
based on this circuit. Performance depends on
thermistor characteristics and on the resistive
voltage divider.

when the temperature has dropped to a pre-
set low level. Similarly, the circuit might be
used to control a heater or oven or, with a lot
of refinements, to control the temperature of
photo processing chemicals and baths.

The on and off states of the controlled
device are determined by the values of R,
R2 and R3 and on the resistance and temper-
ature coefficients of the thermistor. R-E

9761 H38W31d3S

[~ 2]
(1]



TIMER (continueo)

5§55

_JLTRA-LONG TIME DELAY

RESET
RuUN

nn

TYPICAL OUTPLT:

§ss (Piv 3)

~JlnNnnnnnnrnnn,.
4ot (xoouteut) T L

+9
A
4] Rl CONTROLS
PULSE RATE
FROM 555,
555 THIS . RATE 1S
DWIDED BRY
THE « 4017's
To Glve *io,
X100 AND
X000 DELAYS.
3
+9 —
= J . T ee—
, ‘ iz 1o . o] o} | [ —
R ]

AR W 4017 12, 14 4017 12, 14 4017 ! ADDITIONAL
i : STAGES
| : .

- Is| 13 13] 8] Is is| 13 8
{L X[0 ' X100 * 1000



Integrator improves
555 pulse-width modulator

by Larry Korba
Ottawa, Ont., Canada

In one method of providing linear pulse-width modula-
tion with the 555 timer, a current source charges a
timing capacitor, creating a ramp signal that drives the
modulation input of the 555. Unfortunately, the circuit
offers only a limited dynamic range of pulse widths and
is highly sensitive to temperature. A better way is to use
a resettable integrator as the timing element.

Charging with a constant current source (a) at best
yields a 2:1 dynamic range for a supply of 5 volts—the
linear operating range for voltage-to-pulse-width con-
version is approximately 2.1 to 4.1 Vv, and the timing
capacitor is totally discharged every timing cycle. Fur-
thermore, the circuit requires temperature compensation

y eliminate any timing fluctuation due to the tempera-
—ure sensitivity of Q., since the base-emitter voltage
varies at the relatively high rate of —5 millivolts per °C.
And, to add to the circuit’s woes, L., varies with temper-
ature as well.

+Ve

. OUTPUT
TRIGGER —4

MODULATION 3]

.||,-4,-%O

(a)

The resettable integrator (b) made up of A,, Qi, C,
and R applies a trigger pulse to the 555, causing Q, to
turn off. Integrator A, then ramps up until the voltage
level at the modulation input of the timer equals that at
pin 5. When that happens, Q; is turned on again, reset-
ting the integrator and turning off the 555.

The voltage applied to the integrator, V., is set to
2.1 v. This makes the shortest linearly modulated pulse
width equal to the trigger pulse width—2 microseconds.
With the timing values shown, the maximum pulse width
is 6 milliseconds, producing a dynamic range of more
than 3,000:1 over the linear operating region.

The active components affecting the timing circuit are
Az, Qi, A, and V.. Since the average temperature
coefficient for the offset voltage of A, is a very low 5
microvolts/°C (affecting the timing by only 2.5 parts per
million/°C), the circuit’s almost negligible adverse tem-
perature effects are largely due to the variation with
temperature of the off current of Qi, Lus. las doubles
every 10°C; for the 2N4360, it is about 10 nanoamperes
at room temperature.

It is important to note that for both circuits, the
effects of V.. and the 555 on timing stability are the
same. As a bonus, however, the new circuit provides a
linear ramp output that can be loaded fairly heavily
without seriously affecting circuit timing. O

Engineer’s notebook is a régular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $75 for each itern published.

Old style, new style. In the most common method of linear pulse-
width modulation using the 555 timer integrated circuit (a), the timing
elements are current source Q and capacitor C. The sensitivity of the
pulse characteristics to circuit parameters leaves much to be desired.
When a resettable integrator is used to time the modulator (b), circuit
sensitivities are reduced greatly. As a bonus, pin 6 provides a ramp
output with significant drive capability.
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QUAD TIMER
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