' The 555: How it works
The 555 monolithic IC contains two compara-
tors, a flip-flop, a high-current output stage, a
| voltage reference and a resistive divider. The
flip-flop is controlled by the comparators, and
the comparators are referenced to V.. Compara-
! tor II sets the initial state of the flip-flop. It is
| controlled by an external threshold signal (ref-
| erenced to one-third of V,.) that is applied to
pin 2. The flip-flop, in turn, controls the state of
| the output. A negative-going pulse (of magni-
| tude less than one-third V_.), applied to the trig-
| ger input, sets comparator Il and the flip-flop.
Two of the fundamental modes of operation
are as a monostable one-shot and as a free-
running multivibrator (astable). For the mono-
| stable mode, a negative going pulse from V. to
less than ome-third of V., at pin 2 changes the
flip-flop state. This sends the output high and
removes a short-circuit from capacitor C. The
voltage across C (V,) then rises exponentially
until it reaches two-thirds of V... The time-con-
| stant (7) is determined by R, multiplied by C.
Therefore the charge time is 1.1(R,C). When V,
| reaches two-thirds of V., comparator I resets
the flip-flop and the output again goes low.

The astable circuit is a bit more complex.
Resistors R,, R, and capacitor C determine the
various time constants. When power is turn-
ed on, pin 2 sees a low signal and thus removes
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2. A speed warning device senses the car speed by
comparing the frequency of pulses generated by the
rotating wheel. The generated pulse train (a) is pro-
cessed by the two timer circuit (b) and activates an
alarm signal if the speed is too high.
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the short from C. The capacitor then starts |
charging—the time, t,, required for C to charge
equals 0.685(R, + R,)C. When V, reaches two-
thirds of V., the output goes low, and C dis-
charges through R, and pin 7 until it reaches
one-third of V. The discharge time, t,, equals
0.685(R,C). Thus the total period, T, equals
t, + t, or 0.685 times (R, + 2R;)C, and the
frequency of oscillation is given by the inverse
of T. The pulse duty cycle, D, equals R, divided
by (R, + 2R,).!

MONOSTABLE
555 \gc‘ MULTIVIBRATOR
v .
THRESHOLD £ C\.O’SIJ'SK?I!E_ ' ? Ra
E |® R 4 8 6 v
o 555 7 -
v
REF C
®| [compar-| 2R 2 | 5
‘ ATOR : :|_
I R oUTPUT J__
i ® =00l
COMPAR-| 1> IRFSET =+
ATOR =
R I
TRIGGER.  asTABLE
SUBSTRATE Voo MULTIVIBRATOR
: ¢
e |
1 Ry
) FLIP-
FLOP
iE — .‘TP = Rp
- ey ureur [ass e Vo
ook [FEE 2 .
biscrance 12 1O 1 0
QOUTPUT  GROUND . AL

of the tachometer circuit, Fig. 1, and are shaped
and clamped by R, and CR,. They are then
passed on to the trigger terminal of the timer by
C;. Triggering of pin 2 causes the output of the
timer to go high for a period determined by
A =Ll (IR0

During this time diode CR. is back-biased and re-
sistors R, and R, provide a calibrated current to
the meter. After the time duration elapses, pin 3
goes low, shunting all current around the meter.
The ratio of the time for which current flows
through the meter to the time for which it is
shunted to ground provides an accurate meter
reading of engine rev/min. For a V-8 engine, the
frequency of pulses at the ignition points is four
times the engine rev/min—since the points close
eight times per revolution of the camshaft and
the engine runs at twice the speed of the distribu-
tor shaft. A constant current must be applied to
the meter during the one-shot period. This is
supplied by the vehicle’s electrical system via R,
C, and a 9-V zener, CR..

Voltage-to-pulse-duration converter

The circuit in Fig. 3a can convert a voltage
level to a pulse duration by integrating the input
voltage and comparing its value with the charge
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on C,. The timer is set up so that it operates in a
monostable mode when no voltage is present at
the input. When the input voltage increases, the
width of the output pulses increases, but the fre-
quency of the pulse train input to pin 2 remains
the same (Fig. 3b). Basically this circuit is a
dual-slope integrator and has an accuracy of bet-
ter than 1%. Possible uses occur in data-acquisi-
tion and telemetry.

Servo system controller

In the motor controller shown in Fig, 4, the
transmitter consists of a timer connected as a
variable-duty-cycle oscillator. Diode CR, and
potentiometer R, provide the charge current to
C,, which sets the duration of the positive por-
tion of the output cycle. Potentiometer R, can
vary the time duration from 1 to 2 ms. During
the negative portion of the eycle, CR, ig back-
hiased and a discharge time of 16 ms is set by
resistor R..

Servo drive is generated by the IC servo-am-
plifier (WE3141). This IC receives the pulse-
width modulation from the transmitter and
compares the 1-to-2-mg pulse width with the dura-
tion of an internally generated pulse. If the pulse
widths are not of equal duration, the difference
is stretched and applied to the output stage of
the WE3141, Depending upon whether the input
pulse is longer or shorter than the generated
pulge, the motor will be driven either clockwise
or counterclockwise, to adjust the internal pulse
width to mateh that of the transmitter,

Resistors R, and R, set the null point- of the

e —
e “ M L
i

i
i

‘
W
b
it
it
R
i

%;"saw

R

3. Voltage levels can be converted to pulse durations
by combining an op amp and a timer IC. Accuracies to
better than 19 can be obtained with this circuit (a)
and the output signals (b) still retain the original
frequency—independent of input voltage.

amplifier. The 33-Q values allow a null period of
about 4 to 5 us. This hysteresis is necessary to
prevent the system from hunting. This type of
circuit is useful in a wide range of remote-con-
trol systems. mm

Reference
1. Signetics Data Sheet for NE555 timer.

4. To remotely control a servo-motor, the 555 needs only six extra components.
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Circuit provides slow auto-wiper cycling,
with one to 20 seconds between sweeps

An all-solid-state automobile wiper-control cir-
cuit allows the windshield wiper to sweep at se-
lected frequencies from once a second to once
every 20 seconds. The circuit uses one IC, two
silicon transistors and seven discrete components.

Circuit timing is determined by a 555-timer
IC and its external parts, R, Ry and C. Transis-
tor Q, is switched on when V, goes LOW, and
npn trangistor Q. also turns on. The mechanical
park switch takes over and conducts the motor
current until one cycle of wiper motion is com-
plete. At wiper park, the park switch opens and
stops the wiper.

Transistors @, and Q. conduet for only about

0.5 s. They do not conduct again until the next

timer pulse. The delay between pulses is adjusted

‘with the 500-kQ} delay resistor.

Resistor R, limits the current into Q. and the
base of Q.. The peak collector current into Q. is
about 3 A. Since the duty cycle is normally very
low, little heating occurs.

This circuit is in use on a GM-Delco rectan-
gular-motor wiper system.

Paul Galluzzi, Electrical Ewngineer, P.O. Box
352, Beverly, MA 01915.
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In this windshield wiper system, voltage V, is a
0.5-s pulse—just long enough to move the wiper

off the park switch. The wiper then executes one
sweep and reparks until the next pulse occurs.

IFD Winner of August 16, 1974

Donn Soderquist, Application Engineer, and
Jerry Zis, Mktg. Mgr., Precision Monolithics,
1500 Space Park Dr., Santa Clara, CA 95050,
His idea “Successive Approximation A/D Con-
verter Uses Three ICs and Costs Under $25”
has been voted the Most Valuable of Issue
Award. /

Vote for the Best Idea in this issue by circling
the number for your selection on the Informa-
tion Retrieval Card at the back of this issue.
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SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas for Design editor. Ideas can only he considered
for publication if they are submitted exclusively to
ELECTRONIC DESIGN. You will receive $20 for each
published idea, $30 more if it is voted best of issue
by our readers. The best-of-issue winners become
eligible for the idea of the Year award of $1000.

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement.
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IDEAS FOR DESIGN

Single part minimizes differences
in monostable and astable periods of 555

A single inexpensive component—a diode or a
resistor—ecean minimize the difference between
monostable (one-shot) and astable (free-running
oscillator) periods of a 555 timer, When the 555
timer is uged as an oscillator, the timing capaci-
tor normally charges from 1/3 V.. to 2/3 V., to
provide an output period of 0.69 RC. However,
when used as a one-shot, or when strobed via the
reset input, the capacitor must normally charge
from zero volts to 2/3 V.., and a longer period of
1.1 RC ig produced.

In the figure, the solid lines show the conven-
tional circuit arrangement for the timer. The
switch S selects either the astable or the mono-
stable configuration. Either a resistor'R, or:diode
CR, shown dotted, may be added to equalize the
timing periods.

A 1N662 diode, placed between pins 3 and 5,
pulls down the pin-5 reference voltage to about
0.9 V each time the output goes LOW. Thus the
timing capacitor C must now drop to approxi-
mately 0.46 V before the level at pin 2 can trig-
ger another output pulse. The capacitor therefore
starts to charge from near ground level in both
the astable and monostable modes, and the
periods agree within 5%.

The advantage of the diode method is that no
computations or high-accuracy components are
required to provide close matching of pulse
widths. Also single potentiometer control of
pulse widths is still possible. However, the lower
threshold, and therefore the pulse width, de-
pends on the diode’s offset and drift character-
istics,

In a second method, resistor R, forces the
monostable period to approach that of the astable
when it prevents the timing capacitor from dis-
charging completely. Careful adjustment of the
voltage divider formed by R, and R, permits the
timing-capacitor voltage to drop only far enough
to trigger a new pulse. The timing capacitor
starts to charge from about 2/3 of the supply
voltage in both the monostable and astable
modes.

The advantage of the resistor method is that
the periods of the two modes are governed by the
adjustment of R, and R,. Thus the periods can

110

set very close to each other, and a bypass capaci-
tor to ground can be placed on pin 5—as is done
normally. Also the resistor method does not intro-
duce the temperature drift of a diode, and the
match of pulse widths tends to remain constant
with supply-voltage variations.

One disadvantage is that the value of R, can-
not be varied to control pulse period without ad-
justments to R, also. In addition, careful con-
sideration of the tolerances of hoth internal and
external voltage-divider resistances is required
to attain close pulse-period matching. A cursory
analysis shows that 5% registors of 4.7-kQ and
1.5-k) for R, and R. yield pulse periods matched
to about 20 %.

One-percent resistors would allow considerably
closer matching. The resistor method is best
when high stability is required, or when it iz de-
sirable to bypass or to modulate pin 5, and when
it is not necessary to have a continuously adjust-
able pulse width.

Arthur R. Klinger, 3245 Stuff Dr., Orlando,
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powering the 555 from a 5 v supply
and using it to drive TTL logic.
Qccasionally, a step in the output
waveform occurs at the TTL
threshold band causes false trigger-
ing of the driven circuit. The diffi-
culty can be avoided by adding a
1000 pf capacitor from the output to

In! i
nat

ground. This lowers the level at

which the step appears and removes
it from the TTL threshold zone.

In- some applications, the 555 can
be ¢od as a relay driver. This could
be dangerous if the circuit is not
connected properly. Driving the load
isn’'t the problem. The difficulty
occurs when the relay is deactivated.
The collapsing magnetic field of the
coil produces a back emf that can
cause the tuner to latch up. The
solution is to add protection diodes
(Fig. 5). Dicde Dy shorts out the re-
verse emf generated by the collapsing
magnetic field. However, a negative
voltage equivalent to one diode drop
can appear between the timer output
and ground. Diode D, prevents this.

Diode D, isn't needed if the relay is

connected to Vi rather than ground.

Conversion to an oscillator

The timer can readily be converted
into an oscillator (Fig. 6). To convert
the monostable circuit into an astable
one, a resistor RB is added between
the discharge and threshold termi-
nals. Retriggering is accomplished by
connecting the trigger input to the

Vg

B
=
AN

THRESHOLD
NP
8S Sp
TIMER
:
DISCHARGE
TRIGGER

—

Fig. 6. A timer can be connected as an oscil-
lator by simply adding a resistor Ry and
connecting the trigger and threshold inputs
together, Adding diode D; extends the duty
cycle range,

NOVEMEER 18, 1974

threshold terminal. With this circuit,
the capacitor charges with time con-
stant T = 0.693 (R, + By)C until
the voltage reaches two-thirds V.
Then the capacitor discharges with
time constant T = 0.693 R, C until
the capacitor reaches one-third V.
and the cycle repeats.

For this oscillator, the duty cycle
(ratio of ON time to total time) is:

R R
Duty Cycle = Ra i LI
Ry + 2Ry
With this circuit, the duty cycles

range from about 50% to 100%. By
adding a diode Dy (Fig. 6), the duty
cycle can be modified to give a wider
range:
RA
Duty Cycle = ————.
Ry + Ry

When using these configurations,
the total resistance R, 4+ Ry should
not exceed 20 megohms. This insures
that the comparator input current
that must be supplied through
R, + Ry will not effect the timing.

The 555 timer includes a direct
lead into the two-third V5 point of
the internal divider. This “control”
terminal can be modulated with an
ac signal to provide an output that is
pulse position modulated (oscillator
mode), or pulse width modulated
(one-shot mode). When this connec-
tion isn’t used, the IC lead can act
as an antenna, picking up signals and
changing the time interval. It should

-

B

be bypassed to ground with a 0.01
uf capacitor.

A reset also pro-
vided. When this isn’t used, it should
be tied to V... When used, the volt-
age should first be dropped to below
0.4 v to reset the timer, then raised
to greater than 1 v. Between 0.4 v
and 1 v, the device is in an inde-
terminate state.

Operating a 555 timer at elevated
temperatures can be a tricky prob-
lem, particularly if appreciable cur-
rent output is required. For example,

~ will the 555 operate at 125°C when
powered from a 12 v supply driving
a 60 ma load? To answer this, it is
necessary to know, not only the max-
imum operating die temperature
(150°C), but also the thermal resist-
ance fja of the 8 lead TO-5 metal
can (0.15°C/mw).

Total dissipation of the device must
first be calculated. For 12 v opera-
tion, the typical quiescent current is
10 ma, causing 120 mw dissipation.
For this application, dissipation of
the output structure is approximately
1.7 v times the 60 ma load current,
or 102 mw. So the total dissipation is
(120 <+ 102) or 222 mw.

To convert this to a temperature
derating, multiply the power dissipa-
tion times fja.

(222 mw) (0.150°C/mw) = 33.3°C.

connection is

The maximum temperature is:
(150°C) — (33.3°C) = 116.7°C.
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Fig. 7. Two sections of a quad timer can be connected together to form an oscillator. The time
constants of each section are adjusted to set the frequency and duty cycle.
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applications information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a
one-shot (Figure 7). The external capacitor is initially
held discharged by a transistor inside the timer. Upon ap-
plication of a negative trigger pulse of less than 1/3 Ve
to pin 2, the flip-flop is set which both releases the short
circuit across the capacitor and drives the output high.

+5V T0 +15V

&—o0 +,
i RESET E =
< Ry
' ‘D
4 ]
TRIGGER DISCHARGE
MNORMALLY A Ot 7
“ON” LDAD L
THRESHOLD
| RSE55 6
| CONTROL
& QUTRUT: s 5 [VOLTAGE _L_
.-.-..,—..C
NOAMALLY A 1
“OFF LOAD S
DOTF

FIGURE 1. Monostable

The voltage across the capacitor then. increases exponen-
tially for a period of t = 1.1 R, C, at the end of which
time the voltage equals 2/3 V¢c. The comparator then
resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 2 shows
the waveforms generated in this mode of operation.
Since the charge and the threshold level of the com-
parator are both directly proportional to supply voltage,
the timing internal is independent of supply.
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TIME=0.0 myDly.  Middie Trace: Qutput 5V/Duv.
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C=0.01.F

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the
further application of a trigger pulse will not effect the
circuit. However the circuit can be reset during this time
by the application of a negative pulse to the reset
terminal {pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended
that it be connected to V¢ to avoid any possibility of

false triggering.

Figure 3 is a nomograph for easy determination of R, C
values for various time delays.

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2
and 6 connected) it will trigger itself and free run as a
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FIGURE 3. Time Delay

multivibrator. The external capacitor charges through
Ra + Rg and discharges through Rg. Thus the duty
cycle may be precisely set by the ratio of these two
resistors.
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FIGURE 4. Astable

In this mode of operation, the capacitor charges and
discharges between 1/3 Ve and 2/3 V. As in the
triggered mode, the charge and discharge times, and there-
fore the frequency are independent of the supply voltage.

Figure 5 shows the waveforms generated in this mode
of operation.

Voo - 5V Top Trace. Qutput SV/0iw.

TIME = 20.5/0lV  Bomtom Trace: Capacitor Voltage 1V/Onv
Ra =39 k1

Rg = 3 kit

C=0.01F

FIGURE 5. Astable Waveforms
The charge time (output high) is given by:
t; =0.693 (R4 + Rg) C

And the discharge tir}\e (output low) by:
tp = 0.693 (Rg) C

Thus the total period is:

T=t;+1t, =0.693{Ra +2Rg)C

The frequency of oscillation is:
1 1.44

foms ——
T (Ra+2Rg)C

Figure 6 may be used for quick determination of these
RC values,
Rg

The duty cycle is: = —
Ra + 2Rg
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FIGURE 6. Free Running Fragquency

FREQUENCY DIVIDER

The monostable circuit of Figure 7 can be used as a
frequency divider by adjusting the length of the timing
cycle. Figure 7 shows the waveforms generated in a
divide by three circuit.

Vee =5V * Top Trace: Input 4V/Div.

TIME = 20,/DIV.  Middie Trace: Dutput 2/ 0w
Aa =01 k0 Bottom Trace: Capacitar 2V 0w
€=0.01F

FIGURE 7. Frequency Divider




YANLL DONTIHLY M

6FLSE TV 1SAATRH
QALICT UOqqIy LOT
A41-D-3

mot yora N, dmuiw suo Apayewixoidde 105 dn 108 umoys QWL ], 9[04

1N Ul usAlB ade senjea Joyoeded ||B 8jou

¥ 10
01‘6 71
v I ¥ 001
ez g
v._:m.) J2]em
o) indino DV A 7 1 _
" +
& 8'L'9'CPE
’ .
LT ¢
EE
s L
HOIIMS v\ !
, NO , ¥ 089
TVIINVIA o M _.uH.ﬁ._.. |A
W IWA ¥T
V4
Y

LLINT  £S0ENT OrecdX CI8L R CIEINFOCE:|




