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FIG. 1—FUNCTIONAL BLOCKS OF THE 555 TIMER with its pinout identified.

Learn to use the 555 and 556 timer IC in practical
circuits tfo obtain accurate time delays and square waves

IN ANY ASSOCIATION TEST FOR
those who know integrated cir-
cuits. the three digits 555 will
summon up the instant re-
sponse “timer IC." [t's the short
form generic designation for
progeny of the NE555. a popular
monolithic timerfoscillator IC
first introduced by Signetics
many vears agn. Still widely sec-
ond-sourced because of its ver-
satility, the 555 ranks as a
standard "building block.™

The 555 and its derivatives
can be found In thousands of
different circuits, and its pos-
sibilities for further applica
tions appear limitless. Al-
though classed as a linear [C. it
is often used in digital or
"guasi-digital” applications be-
cause its inputs and outputs
are essentially square waves

rather than sine or other com-
plex waveforms. This article ex-
plains how the 555 works and
shows vou how to apply the IC
in various practical control cir-
cults.

A 555/5656 overview

Figure | is a simplified
block diagram of the 5535 show-
ing its principal functional
blocks: threshold comparator,
trigger comparator. R-5 flip-
flop, low-power complementary
putput stage, slave discharge
transision, and a rnlLagc—rcfér—
ence potential divider. Both
halves of a dual version of the
333 (two 555's on a single chipi,
the 556. have Identical elec-
trical characteristics. The
5555656 will run from 4.5 to 16
volts DC, although a typical

supply will be = 12 volts DC or
less.

The outstanding features of
the 555/556 include:
® Timing adjustable from mi-
croseconds to hours
® Duty cycle adjustable
& Ability of output to source
[supply] or sink (dissipate) 200-
milliampere current
® QCutput can drive TTL logic
cireuits
® Temperature stabilitv ex-
ceeds 0.0053%7C
® Normally “on” and normally
“ofl” output

The 555 and 556 were de-
signed for precision timing ap-
plications. with the timing
interval controlled by an exter
nal resistor and capacitor (RC]
network. The devices contain
voltage dividers consisting of



three S000-ohm resistors in se-
ries between the supply voltage
and ground so that one-third of
the supply voltage is developed
across each resistor. The inter-
nal flip-flop circuit provides a
definite “on” or "off” response.
Its timing intervals are indepen-
dent of the supply voltage.

The 555 has two basic operat-
ing modes: monostable (one-
shot—a single pulse is emitted).
and astable {a stream of output
pulses is generated). In the
menostable mode when func-
tioning as timers, time is pre-
cisely controlled by the external
RC network. In that mode the
555 produces output pulses
with rise and fall times mea-
sured in microseconds.

In the astable mode. the 555
can be an oscillator. [t can main-
tain an accurately controlled
free-running frequency and
duty cycle with only two exter-
nal resistors and one capacitor
In either monostable or astable
meodes, timing accuracy is es-
sentially independent of varia-
tions in supply voltage or
ambient temperature. The de-
vice can be triggered and reset
on falling waveforms.

Tvpical applications for the
555 include precision and se-
guential dming, pulse genera-
tion. pulse-width and pulse-
position modulation. and linear
ramp generation. Moreover, it
can directly drive loads such as
relays. solenoids. low-power
lamps. and high-impedance
speakers.

The 555 is packaged in plas-

tic and metal DIPs and B-pin
metal cans for operation in the
commercial temperature range
of 0 °C to - 70°C. Some plastic
DIPs can operate in the —<0°C to
+85°C extended temperature
range.

Alternate-sourced 53555 can
usually be identified by the in-
clusion of the numbers 55 or
555 in their designations. Ex-
amples include Harris' CAS53.
Motorola’s MC 1455, and Nation-
al Semiconductors’ LM555C.
Other sources include Exar.
Goldstar. Raytheon., Samsung.
SGS-Thomson. and Sharp Elec-
tronics. CMOS versions of the
555. such as Texas Instruments’
TLC555 are also available. In
addition to their low power Con-
sumption compared te stan-
dard 555, their outputs are
compatible with CMOS as well
as TTL.

Table | presents some basic
electrical characteristies for the
555, The 556 is housed ina 14-
pin DIP packa%le but the block
diagram of each circuit is lden-
tical to that of the 555 shown in
Fig. 1. The 556 is also alternate-
sourced by many of the same
firms that offer the 555. Exam-
ples are Motorola’s MC3556 and
Texas Instruments TLC7556.

How the 355 works.

Figure 2 Is a representative
circuit schematic for the 555, It
contains 21 transistors. 4 di-
odes, and 15 resistors. The volt-
age divider consisting of three
5000-0hm resistors (shown in
Fig. 1) appears to the right of

TABLE 1—ELECTRICAL CHARACTERISTICS

. Characteristics

Symbaol

DC Suppiy Voltage
DC Supply Current {V + =5V)
eesn

Vee

Q10 in the trigger comparalor. Il
applies one-third of the supply
voitage Lo the non-inverting in-
put terminal of the trigger com-
parator and two-thirds of the
supply voltage to the inverting
inpur of the ICs threshold com-
parator.

The output of the two com-
parators controls the R-5 flip-
flop. which in murn controis the
states of the complementary
output stage and the slave tran-
sistor Q6. The flip-flops state
can also be set by signals at
RESET pin 4.

When organized as a mono-
stable timer, the TRIGGER pin 2
is held high by external resistor
R in series with the DC supply
voltage. Under that condition.
Q6 is saturated, shorting exter-
nal timing capacitor Cg to
ground, and ouTeuT pin 3 IS
drivent low. Timer action is
started by applving a negative-
going trigger pulse to pin 2. As
this pulse falls below one-third
of the DC supply voltage. the
output of the trigger com-
parator changes state. That
causes the R-S flip-flop to
switch. turning Q6 off. and
driving ourruT pin 3 high.

As Q6 tumns off. the short is
removed from the external ca-
pacitor Cp. The capacitor
charges through the external
resistor Ry until the voltage
across Cp, rises to two-thirds of
the supplv voltage. Then the
threshold comparator changes
state and switches the R-S flip-
flop back to its original state.
turning Q6 “on” and rapidly dis-
charging Cp. At the same time,
ouTPUT pin 3 reverts to its low
state. The timing cyvle is then
complere.

A characteristlc of the 355 Is
that. once triggered, it cannot
respond to additional triggering
until the timing sequence is
complete. However. the se-
gquence can be aborted at any
time by feeding a negative-going
pulse to RESET pin 4.

The output pulse is a square
wave whose duration (time de-
lav) depends on the values of R
and C. The formula for this is:
i (time delay) = 1.1 (value of R
% value of C|

Simply stated. time delay is
directly proportional to the
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delays. The trigger pulse width must be less than the timing period.

productofRand C. Figurc 3isa
plot of time delay vs. resistance
and capacitance based upon
the time-delay formula where t,,
is in milliseconds. R is in thou-
sands of ochms, and C is in mi-
crofarads. Figure 3 gives a

lamily of time delay curves wirch
variations in R+ and C4. Delays
from 10 microseconds to 100
seconds can be obtained by se-
lecting suitable values of low-
leakage capacitors from 0.001
pF 1o 100 uF and resistors from

1 thoeusand shms to 10D
megohms.

Figure 4-a is a simple fixed-
period (approximately 50-sec-
ond] manually-trigdered time
delay eircuit. and Fig. 4-b
shows the waveforms as they
would appear on an os-
cilloscope. The sequence of
events in Fig. 4-b is initiated by
grounding TrRIcGER pin 2 with
momentary start switch S1.
The conTroL voLTAGE pin 5 is
decoupled by C2, and the out-
put state can be determined by
observing whether LED! is il-
luminated or not. A square oul-
put puise (whose fixed-period is
determined by Rl and C1) ap-
pears at oUTrPuT pin 3, while an
exponential sawtooth (with the
same period as the square wave)
appears al DISCHARGE pin 7.

The fixed-period output of the
circuit in Fig, 4 can vary from
1.1 to 120 seconds by making
the changes shown in Fig. 5.
Resistor R1 is replaced with a
10K fixed resistor and 1-
megohm potentiometer R5 in
series, as shown. A reset feature
can be added by installing
RESET swiich S2. permitting
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premature termination of the
timing period

The 555 ttmer can drive non-
inductive loads directly from
pin 3 with currents as large as
200 milliamperes. However, il
the cireull containg an induc-
tive relay load. either of the
schematics shown In Fig, 6 ap-
plv. In Fig. 6-a. the relay RYl is
normally off. but it EGES on only
when outeuT pin 3 goes high
during the timing interval: in
Fig. 6- -b. RY1 is normaily on, but
it turns off during the timing
interval. Diode D1 in beth cir
cults protecis the 5355 against
inductive-switching damage.
The contacts of relay RY1 ean
controi external circuils.

Figure 7 shows how a relay
and a 555 can form a simple 1.1-
to 120-second timer in two
switch-selected decades. How-
ever, the general-purpose cir-
cult has several drawbacks.
First, it draws current continu-
ously, even when the timer is
off. Second. because of the wide
tolerance variations in the elec-
trolytic timing capacitors Cl
and C2. potentiometer Rd
needs two custom calibrated
scales.

The schematicin Fig. 8 shows
how to overcome these draw-
backs. The reseTswitch 32 and
the set of relay contacts in paral-
lel with the start switch 51,
which are both normally open
[N.O.) keep the circuit off so
there {s no current drain. The
timing cycle is started by press-
ing momentary pushbutton
switech 51, which connects
power to the 553, At the instant
of S1 closure, C3 s fully dis-
charged. It therefore sends a
start pulse to TRIGGER pin 2
through R4 and initiates a tm-
ing cycle.

As the timing cycle starts, RY1
is energized. The contacts in
parallel with 51 close and keep
the 535 powered even when 52
is reieased. At the end of the
timing cycle RY1 is de-energized
and its contacts re-open. dis-
connecting power from the 555.

The timing of the circuit in
Fig. 8 is principally controlled
by the values of resistor Rl and
potentiometer RS, and eitherC1
or C2. which are switch-se-
lected by S53-a. Note. however.
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that timing is also influenced by
the setting of potentiometers
R6 and R7. They are selected
with switch S3-b and connected
10 CONTROL voltage pin 5 of the
IC. Those potentiometers effec-
tively shunt the internal voltage
of the 555. thereby altering tim-
ing periods.

That feature allows the circuit
to produce precise (iming peri-
ods even when capacitors with
loose-tolerance values are in the
circuit. It also allows a single
calibrated timing scale to cover
the two switch-selected timing

(=

To set up the Fig. 8 cireuit.
first set potentiometer RS to its
maximum value. set swilch 53
to position 1 and push sTArT
button S1. Then adjust potenti-
ometer R6 {ora precise period of
10 seconds. Next, set 3 10 posi-
tion 2, push starT swiich 51,
and adjust potentiometer R7 for
a precise period of 100 seconds.
With those adjustments com-
plete. the timing scale can be
calibrated over its full 100-sec-
ond range.

Timers for car lights

Figure 9 is a circuit that auto-
matically delavs the turn-off of
an automobiles headlights. per-
mitting them to function as
safety lights at nighr after the
ignition switch is turned off. It
Is & useful circuit if you want
your cars headlights (o remain
on for 50 seconds after vou have
parked. turned off the ignition,
locked the doors. and walked
away. The headlights will stay
on long enough to illuminate
your route until vou can reach
the safety of vour home. The cir
cuit does not interfere with nor-
mal headlight operation.

When the car’s lgnition
switch 52 is turned “on,” RY1 is
energized (through diode D3)
closing its contacts and con-
necting the 12-volt battery to
the 555 and headlights switch
S1. In this state the headlights
operate normally However, be-
cause both sides of capacitor C2
are connected to the positive
supply. it is fully discharged.

When 352 is turned "off,” the
voltage across R3 goes to zero,
de-energizing the relay. How-
ever, at that time C3 applies a
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FIG. B—FPRECISION (COMPENSATED) TIMER with a relay outpul has two ranges: 0.9

1o 10 seconds and © to 100 seconds.
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FIG. 10—HEADLIGHT 'SPOTLIGHT TURNOFF CONTROL for automobiles is manually

actuated.

negative-going irigger pulse ia
TRIGGER pin 2, initiating a 50-
second timing cycle that applies
current to the relay coil through
D1.

Relay RY1's contacts remain
tlosed for about 50 seconds

after 52 1s turned off. keeping
the positive battery supply con-
nected to 51 during this period.
That keeps the headlights on if
51 is in iis ox position, AL the
end of that 50-second time de-
lay. RY1 de-energizes. its con-
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FIG. 12—ADD-ON PULSE GENERATOR can supplament a stand-alons pulse gener-
ator. It s triggered by rectangular input signais. Table 1 gives output pulse widths for

vartous values of C3.
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FIG. 13—MODIFIED ADD-ON PULSE GEMERATOR can be triggerad by any kind of

input waveform including sine waves.

tacts open. and battery supply
is disconnected from the 555
and 51

The circuit in Fig. 9 is com-
patible with mmodern practice for
powering the headlights switch
31 with ignition switch 52 so
that headlights work enly when
the ignition switch is on. How-

ever, the circuit shown inFig. 10
is applicable to older vehicles
whose headlights or spotlight
are independent of the ignition
switch. The circuit illustrates a
manual delayed rurn-off light
conirol.

That circuit works if the vehi-
cle is parked with its lights off.

They will be turmed on for a pre-
set 30-second period as soon as
momentary pushbutton sTarT
switch Sl is pressed. When the
delay period tlmes out, the
lights will be turned off again
automatically.

The Fig. 10 circuit includes
relay RY1 with two sets of nor-
mally-open contacts. The tim-
ing sequence is started with the
momentary closure of pushbut-
ton switch 51. Normally. both 51
and the relay contacts are open.
50 the timer circuit is not
powered and the lights are off.
Capacitor C3 is discharged un-
der this condition.

When 51 is momentarily
closed, RY1ls coll is energized.
That action cioses lts first set of
contacts, appliving power to the
car’s lights while also closing its
second set of contacts, applving
power to the 555. However,
TriccER pin 2 of the IC is briefly
grounded through C2. so a
negative trigger pulse is fed to
it. and a timing cycle is begun.

Conseguently. outrut pin 3 of
the 555 switches high when the
relay contacts close, locking the
relay inte its "en” state (re-
gardiess of the subsequent state
of 51), keeping the lights on for
50 seconds. At the end of the
timing cycle, pin 3 of the IC
switches to its low state, de-en-
ergizing KY1. Then both sets of
relay contacts open. discon-
necting power from the 555 and
the lights.

Automatic porch light

Figure 11 is an automatic con-
trol circuit for a porch light. Tt
will turn a porch light on auto-
matically for a preset 50-second
period when its sensor detects
the presence of a person. How-
ever, it performs that function
only at night or under condi-
tions of reduced visibility such
as might occur during a storm.
The circuit is activated with
switch 51. which can be a
microswitch triggered by a por-
ch gate. It might also be a pres-
sure-switch hidden under a
porch mat and triggered by a
person weighing perhaps 50
pounds or more.

Circuit operation depends on
a negarive-going pulse thart falls
below the internally controlled
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one-third supply voltage being
fed to TRIGGER pin 2 of the 555,
If the trigger pulse does not fall
below that value. the timing cy-
cles cannot be initiated,

In Fig. 11. the photocell (re-
sistor R4 | and potentiomerer RS
are in series as a lighi-depen-
dent voltage divider. One side of
S1 is connected to the junetion
between R4 and R5. and the
other side is connected to pin 2
through a the network of C2
and R3. In normal davlight the
photocell’s resistance is low. soa
high voltage appears at the
junction of R4 and R5. As a re-
sult. closing S! sends a voltage
pulse 10 pin 2 whose value is 100
low to pull pin 2 below one-third
of the supply voltage. Thus, the
timer cannot be triggered with
51 under those conditions.

However. the photocell's resis-
tance value increases at night or

under reduced visibility, caus-
ing a low voltage toappear at the
RE4-R5 junction. Under that
condition. closing S1 generates
a voltage pulse that pulls pin 2
below the one-third supply volt-
age value, triggering the timer

The cadmium-sulphide (CdS]
Ehctﬂctll {resistor R4) should

ave a resistance of 1000 to
47.000 ohms under “dark”
turn-on cenditions. Potentiom-
eter RS can be adjusted to preset
the minimum “dark” level for
circult triggering. The trigger
signal is fed to pin 2 of the 355
through the €3 and R3. a net-
work that shapes the trigger
pulse and effectively isolates the
DC component of the photocell-
potentiometer network from
pin 2.

Pulse generators
In all of the circuits presented

so {ar. the 5355 functions as a
monostable (one-shot) pulse
generalor Suitable trigger sig-
nals are fed lo TRiIGGER pin 2 and
ocutput pulses are taken from
outeuT pin 3. The 555 can gen-
erate well formed output pulses
with periods from 5 microse-
conds to hundreds of scconds.
The maximum usable pulse re-
pitition frequency is approxi-
mately 100 kHz.

The signal reaching TRIGGER
pin 2 must be a carefully shaped
negative-going pulse. [ts ampli-
tude must switch from an “off”
value greater than two-thirds of
the supply voltage to an “on” val-
ue less than one-third of the
supply voltage. (Triggering ac-
tually occurs as pin 2 drops
through the one-third supply
voltage value.) Trigger pulse
width must be greater than 100
naneseconds but less than that
of the desired output pulse.
That condition assures trigger
pulse removal by the time the
monostable period times out.

Suitable trigger signals for
the 555 in the monostable mode
can be formed by converting the
input signal W a good sguare
wave that switches between the
full positive supply voltage and
ground. The square wave |s
then coupled 1o pin 2 with a re-
sistor-capacitor differentiating
network having a shori time
constant. That network con-

TABLE 2—CAPACITOR VALUES
FOR PULSE-WIDTHS

Capacitors C3 Pulse Width Range
{Microfarads) (Time in Seconds)

10.0 80 ms-12

1.0 Sms-120ms
0.1 900 us - 12 ms
om 80 us -1.2ms
0.0Mm Qus - 120 us

verts the leading or trailing
edges of the square wave into
suitable trigger pulses.

Figure 12 shows a timing cir-
cint that accepts inpul signais
already in the form of square
waves or pulses. Transistor Q1
converts a rectangular input
signal into a form that switches
between the positive supply and
ground. The ouiput signal is
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F1G.15—THREE-STAGE SEQUENTIAL TIMER or pulse generator (a) and waveforms at

three different output pins (b

then fed to TRIGGER pin 2
through differentiating net-
work C2-R4. The circuit can be-
come an add-on pulse generator
in combination with a separate
Sguare-wave or pulse generaror
Variable-amplitude output
pulses can be obtained from po-
tentiometer R7.

The output pulse widths of
the Fig. 12 circuit can be varied
over more than a decade range
with potentiometer R6. and
thev can be switched in overlap-
ping decade ranges with the val-
ues of C3 listed in Table 2. With
the component values shown.
output pulse width is variable
from 5 microseconds to 1.2 sec-
onds. Capacitor C4 decouples
COMTROL VOLTAGE pin 5 to im-
prove circuit stability

Figure 13 shows a modifica-
tion of the circuit in Fig. 12 that
can be triggered by any kind of
input waveiorm. including sine

waves. Here the tirst 555(IC11 is
configured as a Schmitt trigger
to convert all input signals into
square-wave oufput signals.
Those waves trigger the
second 355 (IC2) in the mono-
stable mode in the same way as
described earlier. The circuit
can also become an add-on
pulse generator in combination
with any kind of stand-alone
waveform generator that pro-
duces output signals with peak-
to-peak amplitudes greater
than one-half the [C's supply
voltage,

Figure 14-a shows how two
monostable circuits can be con-
nected in series to make a de-
layed-puise generator. As in Fig.
13. the first 555 (IC1] is config-
ured as a Schmitt trigger. The
second 555 (IC2) controls time
delay width. while the third 555
[IC3) determines the sutput
puise width.

As shown in Fig. 14-b. the
purput pulse at pin 3 of IC3 ap-
pears at a time interval after the
initial application of the trigger
signal. This time delay width
Tg, is determined by the prod-
uct of the value of capacitor C3
and the sum of the values of re-
sistor RS and potentiometer R6,
in accordance with the time de-
lay formula given earlier. Sim-
ilarly, cutput pulse width ty, is
determined with the values of
C7.and RB and R9.

This circuit can become part
of a stand-alone pulse delay gen-
erator by building it into a
square-wave generator case.
The stquare-wave generator will
provide the initial trigger sig-
nals needed.

A number of monostable
pulse generators can be placed
in series (0 operate in sequen-
tial form. Figure 15-a, for exam-
ple. shows a three-stage se-
guential generator cireuit. It
can control lamps or relays in a
pre-programmed time sequence
after pushbutton switch Sl is
pressed to give the sSTaRT
command. Note that the RESET
pins {pin 4) of all three 5555 are
shorted together and positively
biased by R6. Those pins can be
shorted 1o ground with seT
switch S2. When power is ap-
plied, S1 should be closed. en-
suring that none of the 3555 in
the circuit are [alsely triggered.

Figure 14-b shows the wave-
forms from the output pins of
all three 555% (IC1 to IC3). The
time delay 1, is determined by
the values of Cl and R2. iy is
determined by the value of T4
and R4 and t,, is determined by
the values of C7 and R7Y when
inserted in the time delay for
mula given earlien

Finally, three or more mono-
stable cireuits can be connected
with capacitor C9 (shown in a
dashed connection line) be-
tween 51 and pin 3 of the third
555 (IC3)L. This loop [eeds a sig-
nal back from the ouTPUT pin of
IC3 to the input TrRiIGGER pin of
IC1. permitting infinite repeti-
tion of pulse sequence. The cir-
cuit can drive LEDs and digital
logic, The circuit also has the
reset capability provided by S2
that clears the circuit when
power is first applied. R-E
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of the Star Tre

prise. ;

The last article on
manaostable multivil
cluded a functional'b
agram and an electrical s
matic of the chip. You T
want to refer back to thos
ures if you want more deta

information about how the ﬁﬁ y

is 0 zed. Figure 1 is a pin-
out diagram of the 555 as pack-
aged in the most common 8-pin
DIP [t was pointed out in the
last article that, although a ma-
ture device, the 555 remains
one of the most popular ICs
available today

At least five major semlcon-
ductor firms in the U.S. and Ja-
pan make the 555. There is also
adual version, the 556, that has
two identical 555% on a single
chip. The device is usually pack-
agedina 14-pin DIE A quad ver-
sion, the 558, has four inden-
tical 555% on a single chip. and
it is packaged In a 16-pin DIE
The alternate source suppliers
usually include the numerals
55, 56 or 58 in thelr own desig-
nations for those devices.

The 555 occupies a strange
position in the universe of inte-
grated circuits. Classedas a lin-
ear IC because it can be
triggered either by lincar or dig-
ftal sl . its output is always
digital—in the form of rec-
tangular or sgquare waves or
pulses.

The 555 in a monostable miuil-
tivibrator eircuit (also called a
timer, time delay. or one-shot]

THE 555:
A VERSATILE

© DSCILLATOR

—

2N

, DISCHARGE pin

- circuits whose frequency you can
» they’ll wail, warble, and honk.
ey

In the monostable multi-
or circuit in Fig. 2. outpur

7. and

Lp pin 6 are held low
ircuit is quiescent. A
timing period can

driving TRIGGER
pushbutton
aluses ouUTPUT
—HeAouno
— micsen
—3oureur
—Hegser
FIG. 1—PINOUT DIAGRAM C

trigger is necessary Lo
cuit oscillation: it is smd:?gh :
self-triggering. This circuiteon- =
figuration is also called am
oscillatdr, signal generator:’ 3
pulse generator, or a rectangie- ~
wave generator

As long as power Is applied to | e
the astable circuit. the cutput .
continually switches back and L
forth between the high and low T aswF

states at a regular rate or fre-

guency. The time in the high
state (pulse width) and the time
in the low siate {space length)
depend on the selection of exter-
nal resistors and capacitors. Be-
cause of its relatively high
gutput, the 555 in an astable
circuit can drive LED's, speak-
ers, and 'meters directly.

the 555.

voltage. Eventually
at pin 7 rises to two-

the supply voltage, and'
stable action ceases with pins
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6 and 7 grounded by the inter-
nal circuitry of the 555.
Examine the astable circuit
shown in Fig. 3-a. In this circuit
TRIGGER pin 2 is shorted to
THRESHOLD pin 6. and timing re-
sistor R2 is wired between pin 2
and piscHarce pin 7. When
power is applied to the circuit,
capacitor C1 charges exponen-
tially (as it did in Fig. 1) through
resistors Rl and R2 until the
voltage on C1 reaches two-

+5VTO +19¥
Rl
1K - 8 b
Rz
TS 555
2
€ 3
H
&2 QUTPUT
o m i
ty to
Iisl
+W — !—|I e
OUTPUT
APIN3
N i s T
W ALALA S
T Y 1Y | Yia
o i
ol s SN

FIG. 3—A ONE-KILOHERTZ ASTABLE
MULTIVIBRATOR based on the 555, &
and waveforms at output pin 3 and
across C1 are shown in b.

thirds of the supply voltage. At
that time. monostable action
ceases and DISCHARGE pin 7 re-
turms to its low state. Capacitor
Cl then discharges exponen-
tially inte pin 7 through R2 un-
til the voltage on C1 falls 10 one-
third of the supply voltage, and
TRIGGER pin 2 is activated.

At that time. a2 new monosta-
ble timing sequence is started
and C1 recharges to two-thirds
of the supply voltage through re-
sistors R1 and R2. The whole
sequence then repeats itself
over and over with CI alter-
nately charging to two-thirds of
the supply voltage through Rl
and R2. and then discharging

10 one-third of that voltage
through RZ only.

Notice that in Fig. 3-a, the val-
ue of R2 is very large with re-
spect to the value of R1. It turns
out that the oscillation frequen-
cy of the circuit is largely deter-
mined by the values of R2 and
C2. Figure 3-b shows the nearly
symmetrical square output
waveform that appears between
ourruT pin 3 and ground whilea
nearly linear triangle waveform
is simultaneously generated
across CL.

The graph of Fig. 4 shows the
relationship between the free-
running frequency of the cir-
cuit in Fig. 3-a and the capaci-
tance values of Cl with the
range of R2 values shown on the
diagonal lines. In this graph the
centribution of resistor R1 is
neglected because it is a frac-
tion of the R2 value.

FlIG. 4—THE FREE-RUNNING FRE-
QUENCY OF OSCILLATOR in Fig. 3as a
tunction of capacitance values for Ci
and the resistance value of R2 (when
large with respact to R1)

+ 5V T0 495V

FiG. 5—THIS SOUARE-WAVE GEMNER-
ATOR produces e variable frequency of
BS0 Hz to 7.2 kHz.

a0 S A e T
FiG. 6—AN STABLE MULTIVIBRATOR
with independent pulse width and space
periods variable from 7 to 750 microse-

FIG. 7—ALTERNATE VERSION OF OS-
CILLATOR shown in Fig. 6.

The values of R1 and R2 can
be varied from 1 kilohm up to
tens of megohms. Resisior Rl
can, however, have a significant
effect on the total cireuit eur-
rent consumption because pin
7 is essentially grounded during
half of the oscillation cycle. The
duty cycle or pulse width-to-
space ratio of the circuit can be
preset at a nonsymmeirical val-
ue,if desired, by the choice of R1
and R2 values,

The high time (pulse width)
and low time (space length) in
this circuit must be calculated
separately. The pulse width cal-
culation includes the values for
the timing capacitor Cl1 and
both timing resistors Rl and
RZ2. By contrast. the space
length formula includes only
the values of timing capacitor
C1 and resistor R2.



Refer to Fig. 3-b. Pulse width
lor time to charge capacitor Cl
15:
ty = 0.7 Cl {R1 +R2)

Space length or time (o dis-
charge capacitor C1 is:

t, = 0.7 C1R2
The total cycle time is:
T=1 +t,

The ratio of pulse width to the
total cycle time is the duty cycle.
In a 555-based oscillator, the
duty cycle is defined by the rela-
tive values of the two timing re-
sistors R1 and R2:
Duty cycle = R2/(R1 +2R2)
Frequency in hertz (Hz) is the
reciprocal of total cycle time:
F=VL

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

+5VT0 415
8 4
55
a
3 ?
DUTPUT

FIG. &—A 1.2 kHz OSCILLATOR with a
duty cycle varfable from 1 to 88%.

Width-space control

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

and discharges only through
R2. For example, if R1 and R2
have equal values. the circuit
will generate a 2:1 width-to-
space ratio.

The width-to-space periods
ran be independently controlled
with either the Figs. 6 or 7. [n
Fig. 6. Cl alternately charges
through R1, diode DI, and po-
tentiometer R3. and it dis-
charges through potentiometer
R4. diode D2, and R2. In Fig. 7.
C1 alternately charges through
R1, potentiometer R3. and di-
ode D1. and it discharges
through potentiometer R4, di-
ode D2, and R2. In both Fig. 6
and 7 cireuits. R2 protects the
555 if potentiometer R4 is
shorted.

+ W TO+15V -
8 4
565
E ~
5 [t i
G2 RITRUT
m

FIG. —AN ALTERNATE VERSION OF
OSCILLATOR shown in Fig. 8.

+ 5 TD -+ 15V

L

FiG. 10—A PRECISION LOW-FREQUEN-

CY OSCILLATOR with a frequency of
about 20 Hze

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

abling the width-to-space ratio
to be varied from 100:1 to 1:100.
The oscillation {requency varies
as the ratio Is altered.

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

In the circuit of Fig. 8. C1 al-
ternately char 1ges through R1.
the upper half of R3, and DI.
and it discharges through D2,
R2, and the lower half of poten-
tiometer R3. In Fig. 9, C1 alter-
nately charges through Rl and
D1 and the right-hand half of
potentiometer R3, and it dis-
charges through the left-hand
half potentiometer R3, D2, and

+W i SR
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FIG. 11—GATED 1-kHz OSCILLATOR of-
fering “'press-to-turn-on”’ operation,
a,CFHB and waveforms at oulput of pin 3
and across C1. b.
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FIG. 12—GATED 1-kHz OEGLLmﬁH of-
hﬂng “press-to-turn-off”

operation, a,
and wavelorms at output of pin 3 and
across C1, b,
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FIG. 13—ALTERNATIVE GATED 1-kHz
OSCILLATOR offering “press-to-furm-
on” operation, a, and wavelorms at out-
put of pin 3 and across C1, b.

R2. Both circuits oscillate at
about 1.2 kHz with the value of
C1 shown.

Precision astable circuit

In the description of astable
multivibrator operation given
carlier in this article. it was
stated that in the first half cycle
of oscillation timing capacitor
C1 charges from zero volis to
two-thirds of the supply voltage,
but in all subsequent half-cy-
cles it either discharges from
two-thirds to one-third of the
supply voltage or charges from
one-third to two-thirds of that
voltage. Consequently, the first
hall cvele of oscillation has a far
longer period than all subse-
guent half cycles.

+5V T0 +315¢

ATPING

T
|

—-]smnsén{-!- :
b

FiG. 14—ALTERNATIVE GATED 1-kHz
OSCILLATOR offering “'press-to-turn-
olf” operstion, 1a and wavelorms at out-
put of pin 3, b,

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

Astable gating

The 555 in the astable multi-
vibrator mode can be triggered
on and orFF in many different
ways with either an elec-
tromechanical switch or an
electronic signal. The most pop-
ular way to trigger the 555 is
through reset pin 4. Figures
11-a and 12-a show alternative
ways of trigdering the 555 with
this pin and pushbutfon switch
Sl.

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

For example. the circuit in
Fig. 11-a is normally turned off
by R3. butit can be turned onby
closing pushbutton switch S1.
which biases pin 4 high. Figure
12-a shows an astable circuit
that is normally on. but it can
be turned off by closing push-
button switch 51. which shorts
pin 4 to ground. The eircuits in
Figs. 11 and 12 can also be trig-
gered by applying suitable elec-
tronic signals directly 1o their
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FiG. 1&—CIRCUIT FOR APPLYING AC-
COUPLED FM or PPM to a 555 config-
ured as an oscillator, a, and waveforms
at output of pin 3. &

+ 5 TO =15V

FIG: TT—CIRCLUIT FOR APPLYING A DC-
COUPLED FM or PPM to a 555 config-
ured as an osciliator.

RESET pins.

In Fig. 11-b, the precise cir-
cult waveforms at ouTeuT pin 3
and across C1 are shown. [t can
be seen that the duration of the
first half-cycle of oscillation is
considerably longer than the
succeeding hall cyeles because
of the time for Cl to charge to
two-thirds of the supply voltage.
Also, note that when the astable
mode is turned off. the C1 volt-
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FIG. 18—CIRCUIT GENERATES B00-Hz
MONOTOME ALARM that operates from
Ta0=milliwatts.
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FIG. 19—CIRCUIT GENERATES BOO-Hz
MONOSTAELE ALARM.

tion of Cl and R4 close to zero
volts through R2 preventing os-
cillation. When pushbutton
switch 51 is closed, Q1 is biased
off, and the astable circuit is
free to oscillate normally

Refer to Fig. 13-b for the wave-
forms of the circuit in Fig. 13-a.
When the astable response is
triggered on, the first half cycle
is again considerably longer
than in succeeding half cycles,
and that the voltage on Cl1 de-
cays rapidly to nearly zero volts
when the trigger is off. Also
notice that oureuT pin 3 is high
in the oFF stale.

Figure 14 shows how the cir-
cuit in Fig. 13-a can be modified
to give press-to-turm-off oscilla-
tion simply by replacing Q1 with
a pushbutton switch. A digital
signal can trigger this cireuit if
a diode is connected as shown
in the diagram and the push-
button 51 is deleted. With S1 re-
moved. the ecireuit will be
turmed off when the input sig-
nal voltage is reduced below
one-third of the supply voltage.
The waveform is shown in Fig.
14-b.

Finally. to complete this look
at triggering techniques, Fig.
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10K

s F2
o+ T3K

M)
1u|,<.FT

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

age decays slowly to zero: the
output at oureuT pin 3 is zero
volts in the oFF condition. The
waveform characteristics of Fig.
12-aare simlilar as shown in Fig,
12-b.

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

15-a shows how the Fig. 13-a cir-
cuit can be modified so that the
duration of its Arst half-cycle Is
almost equal to that of all suc-
ceeding half-cycles. thus giving
precision operation. In the Fig.
15-a circuit. when pushbutton
switch S1 is open. Q1 is satu-
rated, so the voltage divider
made up of R2 and R3 pulls the
junction of RS and C1 to slightly
below one-third of the supply

o mop S2)M0NS0T Z6EL ST
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FIG. 21—CIRCUIT GEMERATES WAREBLE ALARM of European emergency vehicles.
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FIG. 23.—CIRCUIT GENERATES PENETRATING ALARM of Star Trek spaceship.

':rulta,_ge ti-;lruugh diede DI1. thus
urning the circuit off, When 51
is closed, Q1 turns off. DI is re-
Verse blased through R2. and

the circuit is then free to oscil-
late normally.

Notice in Fig. 15-b that when
Sl is first closed, C1 starts to

charge from an initial value of
almost a third of the supply volt-
age rather than from zero volts.
Therefore, the duration of the
initial half eycle is similar to
that of all the succeeding half
cycles.

Modulation tec

All of the 555 astable circuits
reviewed so far can be frequency
or pulse-position modulated
(FM or PPM) by feeding a suit-
able modulation signal to
CONTROL VOLTAGE pin 5, which is
connected to part of the internal
voltage divider chain of the 555.
The AC modulation signal is fed
ta pin 3 through a blocking ca-
pacitor, as in Fig. 16-a, or the
DC meodulation signal can be
fed directly to pin 5. as shown in
Fig. 17.

¢ voltage on pin 5 of the

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

Alarms and sirens

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

Figure 18 shows an 800-Hz
monotone alarm-call generator
cireuit, which can be powered
by any 5- to 15-volt DC supply.
The speaker SPKR1 can have
any impedance value. Note,
however, that R, must be wired
in series with any speaker
whose total impedances is less
than 75 chms. Select a resistor
1o give @ total series resistance
with the speaker of 76 ochms.

continued on page 94



VYERSATILE OSCILLATOR
continued from page 74

That resistance value will keep
the peak speaker currents with-
in the 200-milliampere output
limit of the 555. The output
power of this alarm circuit de-
pends on speaker impedance
and supply voltage. but it can be
as high as 750 milliwatts with a
75-ohm speaker and a 15-valt
supply. Notice that C3 ia an elec-
trolytic capacitor.

Figure 19 shows how the out-
put power of the circuit in Fig.
18 can be boosted to several
watts with buffer transistor Q1.
The resulting high speaker out-
put current can introduce a sig-
nificant ripple voltage to the
power source. Diode D1 and
electrolytic capacitor C3 protect
the 555 from the effects of that
ripple. Diodes D2 and D3 clamp
the inductive switching spikes
from the speaker and protect Q1

L damage. The circuits in
Figs. 20 to 23 have a similar
output slagﬁ.

Figure 20 shows how a pair of
5555 organized as astable mul-
tivibrators form an 800-Hz
pulsed-tone alarm generator. In
this cireuit IC1 is wired as a
500-Hg alarm generator, and
IC2 is wired as a 1-Hz oscillator
that Lh‘gfers ICl on and off
through diode D1 once per sec-
ond, thus generating the pulse-
tone alarm.

The circuit in Fig. 21 gener
ates the penetrating two-tone
“he-haw” sound of European
emergency vehicles. Here, IC1 is
also wired as an alarm gener-
ator, and IC2 is wired as a 1-Hz
oscillator. But in this case the
output of IC2 frequency modu-
lates IC1 through resistor R5.
The output frequency of IC1 al-
ternates symmetrically between
500 Hz and 440 Hz in one-sec-
ond alternating cycles.

Figure 22 shows a eircuit that
generates the wailing noise of a
police siren. Here IC2 is wired as
alow-frequency oscillator with a
cycle period of about 6 seconds.
The slowly varying ramp wave-
form of IC2. buffered by emitter
follower transistor Q1. frequen-
cv modulates alarm generatar
IC1 through resistor R6. In this

circuit IC1 has a natural center
frequency of about 500 Hz. The
alarm output signal starts at a
low [requency. rises for three
seconds to a high frequency.
then decays over a period of
three seconds to a low-frequen-
cy before repeating itself as long
as power is applied.

Finally, the circuit in Fig. 23
generates an alarm that simu-
lates the "Red Alert” that is often
heard in the Star Trek TV series.
The sound starts at a low fre-
quency and rises to a high fre-
quency in about 1.15 seconds.
ceases for about 0.35 seconds,
and then starts rising again
from a low frequency. Here
again, the sound pattern re-
peats as long as power is applied
to the circuit.

The 555 labeled IC2 is wired
as a non-symmetrical oscillator,
Capaciter C! alternately
charges through R1 and diode
D1. and discharges R2.
The result is a rapidly rising and
slowly falling “sawtooth™ wave-
form across C1. After buffering
by Q1. this waveform frequency
modulates pin 5 of IC1 through
R7. causing the output frequen-
cy of IC1 to rise slowly during
the decay part of the sawtooth
waveform and to collapse
rapidly during the rising part of
the sawtooth waveform.

The rectangular waveform at
pin 3 of IC2 turns IC1 off
through common-emitter am-
plifier Q2 during the decay
phase of the alarm. Therefore.
only the rising parts of the
sound pattern are heard which
sound very much like the Star
Trek Red Alert.

The outputs of most of the cir
cuits in this article have been
taken from output pin 3, but
many of the figures haven
shown triangular waveforms
developed across the timing ca-
pacitor (e.g. Figs. 3b, 11b, 13b
and 15b). There might be ocea-
sions when you will find those
sawtooth [or ramp) waves
useful. You can obtain a saw-
tooth by tapping the charge
voltage across the timing capac-
itor. By charging the capacitor
with a constant-current source
instead of a simple resistance.
the ramp can be made quite lin-
ear. R-E
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This third artiché
discussing the 355 38
component in a Schimi#
circuit. It goes on to expla
role of the 555 in various astal
multivibrator or oscillator

cuils with many practical a

plications. Those circuits in—%s

clude light- and dark- as well as
hot- and cold-actuated alarms.
Other circuits are a code prac-
tice oscillator, a door buzzer, a
continuity tester, a signal gener-
ator, and a metronome. Various
light-actuator and relay-driver
circuits are included.

Schmitt trigger

Figure | is the pinout and
functional block diagram for
the 555 timer IC. In previous
articles it was pointed out that
for a 555 in the time-delay oper-
ation mode, Uming can be pre-
cisely controlled by one external
resistor and one capacitor. For
astable operarion as an ops-
cillator, the free-running fre-
guency and duty cvele can be
accurately controlled with two
external resistors and a single
capaciiorn

It is worth recalling that the
555 can be tr:’%ered and reset
on falling waveforms, and the
output circuit can source or
sink up to 200 milliamperes, ar
drive TTL circuits. The 555
features include normally on
and normally off outputs.

Figure 2-a illustrates the 555
IC as the active component in a
Schmitt trigger circuit. Notice
that the 555's TRIGGER pin 2 and
THRESHOLD pln 6 are connected
to form an input terminal. Ex-
ternal input signals are applied
directly at that point. The
oUTPUT pin 3 becomes the out-
put terminal,

Internal comparators A and B
[see Fig 1) are biased with an
on-chip voitage divider. That di-
vider biases comparator A at

955
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FIG. 1—PINOUT AND FUNCTIONAL BLOCK diagram of the 3

two-thirds of the supply voltage.
and the non-inverting terminal
of comparator B at one-third of
the supply voltage. Comparator
A drives the R input and com-
parator B drives the S input of
the on-chip R-S flip-flop.

When the input voltage of the
circult in Fig. 2-a rises above
two-thirds of the supply voltage,
the 555 output switches to its
low state. It remains there until
the input voltage falls below
one-third of the supply voltage.

Then the cutpu
and remains high
put rises above the
supply level again.

The difference betwed
two trigger levels is cal
hysteresis value. It Is one-f
of the supply in Fig. 2-a.
larde hysteresis makes the ci
cuit useful in signal con-
ditioning where noise and
ripple must be rejected. as
shown in Fig. 2-b.

Figure 3 shows how the cir- &1
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FIG. 2—A SCHMITT TRIGGER CIRCUIT
tormed with & 555 timer IC.

cuit in Fig. 2-a can be modified
into a high-performance sine-
to square-wave converter useful
at input frequencies up to about
150 kHz. The voltage divider
formed by R1 and R2 biases the
input terminal {pins 2 and 6] of
the 555 at its guiescent value of
one-half the supply voltage (i.c..
midway between the upper and
lower irigger values.

The sine-wave nput signal is
superimposed on this point
with capacitor C1. Square-wave
output signals are taken from
pin 3 of the IC. Resisior R3 is
wired in series with the input
terminal to ensure that the
sine-wave signal is not distorted
when the 535 switches.

Figure 4 shows how the
Schmitt trigger circuit can be
made into a dark-activated relay
actuator by wiring the light-de-
pendent voltage divider consist-
ing of polentiomenter R1 and
photocell R2 to the input termi-
nal of the |C. The potentiometer
and photocell resistance values
are nearly equal at the middie of
the light-activation range.

The inherently high input
backlash or hysteresis of the
Schmiul trigger limits the
usefulness of this circuil to very
specialized light-sensing ap-

plications. A more useful relay-
driving. dark-activated swiich-
ing eircuit is shown in Fig. 5. It
actsas a fast comparator rather
than a true Schmitt trigger, The
THRESHOLD pin © to infernal
comparator A of the 555 is tied
permanently high by resistor
R3. while the output of the
light-sensing potentiometer Rl
and photocell R2 voltage divider
is applied to TRIcGER pin 2 of
comparator B.

The photoresistive element
for this eircuit can be any cad-
mium-sulfide photorcell whose
resistance is between 470 chms
and 10 kilohms at the desired
turm-on light level. The circuit
in Fig. 5 can also funection as a
light- (rather than dark-) acti-
vated switch by exchanging the
positions of the polentiometer

and photocell. as shown in Fig.
6-a.

AND SOUARE- wave generator formed
with a 555 IC.

FIG. 4—DARK- AL’:TWAED RELAY
SWITCH BASED on the 555 has a Iot of
hysteresis.

The circuit can also function
4s @ temperature-activated
switch by subsiituting 2 ther
mistor with a negative tempera-
ture coefficient for the phe-
tocell, as shown in Figs. 6-band
b-c. |A thermistor with a nega-
tive temperature coefficient de-
creases in resistance as temper-

glure increases.) The ther-
mistor for this application must
have a resistance value between
470o0hms and 10 kilohms at the
desired turn-on temperature.
Thermistors are typically pack-
aged as radial-leaded disks. and
their resistance values are spec-
ified at 25 C.

Stable of oscillators

The 555 in the astable multi-
vibrator or oscillator mode has
three outstanding advantages
over other kinds of gscillators:
& Excellent [requency stability
with variations in supply volt-
age and temperature.
® Frequency variable over a
wide range with a singie poten-
tiometer control.
® Low impedance output that
Can Source or sink currents up
to 200 milllamperes.

Figure ¥ shows the 555 as the
semiconductor [C in a Morse:
code practice oscillator. The cir-
cult is an oscillator with its {re-
guency variabie from 300 Hz to
3 kHz by adjusting rane control
potentiometer R3. The sound
volume of headphone Z1 can be
varied with potentiometer R4,
and the headphones can have
any DC resistance from a few
ohms up toa few megohms. The
oscillator ecircuit draws no
guiescent current until the nor
mallv-open Morse key connects
the circuit to the 5- to 15-voh
supply.

Figure 8 shows the 355 as the
semiconductor device in a sim-
ple electronically actuated door
buzzer. Pushbutton switch 51
connects the 555 1o the S-volt
batiery. and the output of the IC
is coupled tov speaker SPHRI
through capacitor C4. Capaci-
tor Cl produces a low supply-
line impedance. ensuring ade-

FIG. 5—MINIMUM-BACKLASH, DARK-
ACTIVATED relay based on the 555,



FIG. 5—ALTERNATIVE SENSOR CIR-
CUITS for Fig. 5 provide actuation by
lignt {a), under-lemperature (b). and
over-temparaturaich

Juare ourput drive current to
‘he speaker when 51 is closed.
The circuit geneérates a monoto-
ne buzzing sound set by poten-
itomerer R2.

Figure 9 shows the 555 as the
semiconductor component in a
continuity tester that generates
21 audible tone only if the resis-
rance between the test probes is
£33 than a few ohms. The cir-

w1t 5 operation depends on an
~utpul tone that sounds only if
“hi® RESET Ipin 4) is biased
positive to about 600 millivolts
or greater by sensitivity potenti-
cmeter R5. Pin 4 is normally
pulled to ground by resistor R2.
=0 no one is heard.

For the buzzer in the circuit of
~1g 9 10 sound, the two probe

.03 must touch. connecting R2
s the output of the reference
Z=nerator formed by resistor R3
and Zener diode DIl through
sensitivity patentiometer R5.
Potenuiometer R3S must be care-
fuilv adjusted so that a buzzin
sound is barely audible. Con-
sequently, if the resistance be-
“ween the probe tips exceeds a
w ohms when a continuity
“#1 13 being made, the buzzing
sne will not be heard. The cir-
vt draws several milliamperes
whenever Sl is closed. even il
the probe tips are not touching.

Figure 10 shows the 555 func-

licning as a signal generator for
irsiing both audlo and radio-
‘reguency circuits. The circuit
scillates at a frequency of a few
vndred hertz when 51 is
Cosed. [ts square-wave output
‘= very rich in harmonics. and
those can be detected at fre-
‘uencies up to tens of mega-
hertz with a radio recetver. The
stamal level can be varted by ad-
lusiing potentiometer R3.

In Fig 11 the 555 is the active
component of a metronome
with a beat rate variable [rom 30
to 120 beats per minute. The
beat rate can be set by adjusting
potentiometer R3. and the beat
level can be set by adjusting po-
tentiometer R4, This circuit is a
modified version of the stan-

=~ %15

= S e e
FIG. T PRACTICE OSCILLATOR
with variable tone and volums.

gy

FlG. B—ELECTROMIC DOOR BLE
based on the 555

FIG. TE
the 555,

based on

dard astable multivibrator in
which the main timing network
is driven from outreT pin 3 of
the IC.

When the oulput switches
high. Cl charges rapidly
through diode D1 and resistor
Rl in series to generate a beat
pulse only a few milliseconds
long. When the output switches
low again. C1 discharges
through potenttometer R3 and
resistor R2 in series to provide
an off period of up to two sec-
onds (30 beats per minute)l The
output pulses are fed to speaker
SPKRI through level-control po-
tentiometer B4 and buffer tran-
sistor QL.

LED flashers and alarms.
Figures 12 to 14 show the 555
in LED flasher applications in
which the LEDS have equal on
and off switching times. With
the component values shown.
each circuit flashes at a rate of
about one flash per second.
The circuit in Fig 12 has a sin-
gle-ended output. Either a sin-
gle LED lor LED% in series) can
be connected between the
ouTeuT pind and srounp pin 1 of
the 555, and all LEDS turn on
and off together. Resistor R3
sets the on current of the LED'.
The circuit in Fig. 13 is sim-
ilar w that of Fig. 12. butithasa
double-ended output connec-
tion. The LED's above pin 3 are

the 355

FIG. 11—METRONOME CIRCUIT based
on the 335,

MR BN OERT A0
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FiG. 12—LED FLASHER WITH SINGLE-
ENDED output.

FIG. 13—LED FLASHER WITH DOUBLE-
ENDED output.

on when the LED's below pin 3
are off, and vice versa Resistor
R3 sets the on currents of the
lower LEDs. and resistor R4
sets the on currents of the up-
per LED=.

Figure 14 shows how to modi-
fy the circuit in Fig. 12 for auto-
matic dark-actuation. Resistors
R3 and R4. photocell R1, and
potentiometer R2 form a light-
sensitive Wheatstone bridge
that triggers the 555 through
bridge balance-detector Q1 and
the reseT pin 4 of the IC.

The oseillator is normally dis-
abled by resisior R6. which
pulls RESET pin 4 close to zero

volis. The circuit oscillates only
when pin 4 is pulled to a
positive voltage greater than
600 millivolts. That can be
achieved only by turning on Q1.

As one arm of the Wheatstone
bridge. resistors R4 and R5 ap-
piv a fixed hall-supply voltage to
ihe emitter of Ql. The phoocell
and potentiometer form the
other arm that applies a light-
dependent voltage to the base of
transistor Ql.

Under bright light. the pho-
tocell offers low resistance. As a
result. the base-emitter junc-
tion of Q1 is reverse biased. and
the circuit does not oscillate. By
contrast, under dark condi-
tions. the photocell resistance
is high. s0 @1 and the oscillator
are biased on. Normally, poten-
tometer R2 is adjusted so the
555 is triggered at the desired
dark level The photocell should
have a resistance between 470
chms and 10 kilohms under

this condition:.

The precision galing method
deseribed can trigger a variety
of 555 oscillator eircuits to form
useful andible alarms and relay
drivers. By interchanging the
photocell with the potentiome-
ter. or replacing the photoceil
with a thermistor having a
negative temperature coeffi-
clent. those circuits can be trig-
gered by increases or decreases
bevond preset values in either
light or temperature. Figures 15
10 17 dlustrate practical exam-
ples of such circuits.

Figure 15 shows an automatic
heal- or light-actuated relay
driver. The circuit works with
any 12-volt relay having a coil
resistance greater than about
60 ohms. When actuated, the
circuit triggers the relay RY1 on
and off about once per second.

A heat-or light-activated mo-
notone alarm is shown in Fig
16. When triggered. this circuit

FIG. 15—HEAT- OR LIGHT-ACTUATED reiay pulser
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FIG. 18—A B0-MINUTE TIMER based on the 5355,

SEnerates a buzzing sound at
about 800 Hz. Several warts of
power are drawn from speaker
SPKRI through buffer tran-
sistor Q2. The resulting high
speaker oulpul current could
transfer ripple voltage to the
power supplv so diode D1 and
capacitor C3 protect the sircuit
from that interference. Diodes
D2 and D3 clamp the inductive

switching spikes of the speaker,
protecting )2 against damage.

Alternative sensor circuits
that can automatically activate
the circuits of either Figs. 15 or
L6 are shown in Fig. 17. If light
actuarion is desired. the sensor
should be a cadmium-sulfide
photocell. If the circuit is to be
trigdered when light level falls to
a preset value (dark actuation),

the cireuit of Fig 17-a should be
used. If the circuit is to be trig-
gered when the light intensity
rises (o a preset value (light ac-
tuation). the circuit of Fig 17-b
should be used,

If vou want temperature actu-
ation, use a thermistor with a
nedative temperature coeffi-
cient as the sensor, For under
temperature operation, use the
circuit of Fig. 17-: for over-tem-
perature operation. use the cir-
cuit of Fig. 17-d. Regardless of
the kind of operation desired,
the sensor element must have 3
resistance value between 470
ohms and 10 kilohms at the de-
sired trigger level.

Long-period timers

A 555 can function as a su-
perb manually-triggered relay-
driving timer when it Is con-
nected in the monostable or
pulse-generator mode, In prac-
ticalapplications, such a circuit
will not generate accurate tim-
ing signals of more than a few
minutes because they require
an electrolytic capacitor with a
high capacitance value. Elec-
trolvtic capacitors typically have
wide tolerance values (- 50 to
=100%) and large and unpre-
dictable leakage currents.

If the 555 is to be the active
component in long-period
timers, the external circuitry
must include a capacitor other
than an electrolvtie. Figure 18
shows. as a block diagram. the
principles behind a design for a
60-minute relay-driving timer.
In this case. the 555 is orga-
nized in the astable mode. It has
1ts output connected to the relay
driver through a 14-stage bin-
ary divider IC. That configura-
tion gives an overall division
rato of 16.364.

If the output of the 555 s set
to zero at the start of an input
count. the outpur will switch
high upon receiving the 8192nd
input pulse. The circuit will re-
main high until the 16,382nd
puilse arrives. At that time. the
putput will switch low again,
completing the normal operat-
Ing sequence.

in Fig. 18, the timing se-
guence is initiated by closing
S1. which connects the supply
to the cireuit, simultaneously

IR SO FEE | IS usay
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FiG. 19-~TWI.'I-RAHGE HELA"I" DI.I"I"FUTTIHEFI providing 1 to 10 minule- and 10- to 100-

minute intervals.

FIG. 20—EXTRA-LONG PERIOD RELAY OUTPUT TIMER provides 100-minute 16 20-

hour intervals.
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FiG. 21--'MDE-HANGE TIMER COVERING 1-minute 1o 20-hour intervals in Ihme de-
cade ranges.

-2y

triggering the oscillatorand set-
ting the counter to zero through
capacitor C2 and resistor R3.
That drives the counter output
low and turns the relay on. The
contacts of RY] maintain the
power supply connection once
51 is released.

This condition is maintained
until the 8192nd oscillator
pulse arrives at the input of the
counter. Then the counter out-
putswitches highand turns the
relay off. As the relay turns off.
the contracts of RYT open. dis-
connecting the supply from the
circuit and completing the oper-
ating cycle.

In this circuait. the oscillator
must operate with a cveling
period that is 1/8192nd of the
required timing period (0.44
second for this cireuit). That
can be achieved with a 1 micro-
farad polvester capacitor and a
resistor of about 300 kilochms.

Figure 19 shows how the de-
sign in Fig. 1B is implemented
to form a practical relav-output
timer circuit useful for one ta
100 minutes in two overlapping
decade ranges. That circuit is
powered from a 12-volt supply,
The relay must bave a coll resis-
tance of 120 ohmis or more.

Figure 20 illustrates how the
time delay of the circuit in Fig.
19 can be extended by con-
necting an additional divider
stage between the output of the
553 and the input of the relay-
driving output state. In this cir-
cuit a divide-by-ten 40178
CMOS IC is connecied between
the output of the 555 and the
40208 14-stage binary counter.

The arrangement in Fig. 20
gves an effective overall divi-
sion ratio of 81,820, thus mak-
ing delays from 100 minutes 1o
20 hours avalilable from this
single-range timer Notice that
both of the divider IC's are auto-
matically reset by the series
combination of capacitor C3
and resisior B3 when switch 51
is closed.

Figure 21 shows to modify the
circuit in Fig. 20 to make a
wide-range general-purpose
timer that covers one minute 10
20 hours in three decade-based
ranges. The divide-by-ten stage
is active only when switch 51-a
is at position 3. R-E
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Use the 555 to

generate sawitooth

waves, detect
missing pulses,
convert DC to AC,
boost DC voltage
and more.

RAY M. MARSTON

THE POPULAR 555 TIMER IC HAS
been the star of three previous
Electronics Now articles [Sep-
tember 1992, page 58. October
1992, page 69 and November
1982, page 61.) Just when you
thought that all possible ap-
plications for that versatile 555
had been exhausted—surprise!
This article takes the 535 into
new territory—a sawtooth gen-
Erator. a "ramp’ generator. a
lime-base generator. a frequen-
cy meter, and even a tachometer
for your car.

But thats not all—there is a
missing-pulse detector, and DC
voltage doubler, tripler and
quadrupler. There are also
negative and high-voltage gen-
erators and a DC to AC inverter!

If you've been following the
previgus articles and (we hope)
building some or all of the cir-
cuits presented in them, youll
be all set for the circuits pre-
sented here. Who said the mi-
croprocessor was the most
versatile IC, anyway?

The last three articles on the
555 explained its basic operat-
ing principles. You would have
learnied (or refreshed vour mem-
ory) about how to place external
components so the timer func-
tions either as a monostable or
astable multivibrator. You
might want to reread the intro-
ductory sections of those arti-
cles to brush up on the unusual
features of the 555. A complete
schematic of the circuitry con-
tained in the 555 is given as Fig.
2 on page 64 of the September
1992 issue.

Figure 1 is another functional
block diagram and pinout of the
bipolar 555 with a different ar-

THE

VERSATILE 555

Bt
= :_t"f ==

PG 2—TRIGGERED SAWTOOTH GENERATOR bases on the 555, a, and typical output

waveiomn, b,

rangement of functional blocks
than the others given earlier, il-
lustrating vet another manufac-
turers preferred data book
presentation. Neither diagrams
nor data sheets on the 555 have
been standardized

Sawipoth-wave generators
The 555 with external compo-
nents can become a triggered
nonlinear (exponential)
sawtooth waveform generator.
as shown in the schematic Fig.
2-a. The circuit is a modified
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FIG. +—0SCILLOSCOPE TIME-BASE GENERATOR circult based on the 555, a, and
ramp and ramp brightness pulse wavelorms for an oscilloscope's X and Z axes.

monostable multivibrator that
is triggered by an external
square wave TRIGGER pin 2 ob-
tained through capacitor C2
from the collector of transistor
Q1. Note that outPuT pin 3of the
555. used in most of the 555-
based circuits presented earlier
is unused here.

The voltage across C4 (the
timing component) is normally
zero, butwhenever the circuit is
triggered. C4 charges exponen-
tially through resistor RS and
rERIOD potenitiometer RG6 to two-
thirds of the supply voltage. At
that time. the monostable
period ends and the voltage
across C4 drops abruptly 1o
zero. The output sawtooth
waveform (Fig. 2-b) is taken
across capacitor C4 through
buffer transistors 02 and Q3
and LEVEL potentiometer R7

The period of the sawtooth or
width can be varied from 9 mi-
croseconds to 1.2 seconds with
the capacitance values for C4
listed in Table 1. The circuits
maximum usable repetition fre-
quency is approximately 100
kHz.

The generator must be trig-
gered by rectangular input
waveforms with short rise and
fall times. Potentiometer R6
controls the sawtooth period
pver a decade, and potentiome-
ter R7 controls the amplitude of
the output waveform.

Figure 3-a shows a triggered
linear sawtooth or ramp wave-
form generator. Capacitor C4 is
charged by a constant-current
generator that includes Q1. The
output waveform (Flg. 3-bj is
taken at the wiper of LEVEL
potentiometer R6, which is cou-
pled to the voltage across Cd
through Q2. Note that the
curved ramps of Fig. 2-b have
been flattened.

When a capacitor is charged
from a constant Current source.
its voltage rises at a predictable
linear rate that can be expressed
as:

Volts/second = amperes/farad
By introducing more practical
values. alternative expressions
for the rate of voltage rise are:
Vius = A/uF. or

Vims = mApF

Those formulas state that
voltage rate-of-rise can be in-

MUK SHUDADOL "SR] Ao
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FIG. 5—TRIGGER SELECTION CIRCUIT for the Fig. 4 circuit
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FIG. 8—ALTERNATIVE ANALOG TA-
CHOMETER CIRCUIT 1o Fig. 6.

creased either by increasing the
charging current or by decreas-

ing the capacitance value.

The charging current in the
Fig. 3-a circuit can be varied
over the range of about 90 mi-
croamperes Lo 1 milliampere
with rERIOD potentiometer RS,
thus giving the 0.01 microfarad
timing capacitor rates-of-rise of
9 volts per millisecond to 100
volts per millisecond.

Each one-shot or monostable
cycle of the 535 ends when the
voliage across C4 reaches (wo-
thirds of the supply voltage. As
shown in Fig. 3-a, the supply is
Svolts, so two-thirds of 9 volts is
6 volts. the amplitude of the
ramp waveforms in Fig. 3-b.

The sawtooth cyeles of the cir
cuit have periods variable from
666 microseconds (2/3 millise-
cond} to 60 microseconds
{6100 millisccond).

Periods can be increased
bevond those values by increas-
ing the value af C4. or reduced
by reducing the value of C4. In
this circuit. stable timing peri-
ods depend on a stable voltage
SOUTCE.

Fig. 4-a shows how the circuit
in Fig. 3-a can be modified to
become an oscilloscope time-
base generator. |1 can be trig-
gered Dy external square waves
through a suitable trigger sclec-
tor circuit. The ramp output
waveform (top of Fig. 4-b is fed
to the X plates of an oscilioscope
with a suitable amplifier stage.
The pulsed oureuT from pin 3 of
the 555 [shown in the lower half
of Fig. 4-hbj is fed to the CRTs Z
axis to trace the ramps with
higher brightness,

he shortest useful ramp
period that can be obtained
from the circuit in Fig. 4-a{with
& 0.00] microfarad capacitor
C3] is about 5 microseconds.
That value. when expanded to
give full deflection on an os-
cilloscope with a ten-division
graticule. vields a maximum
timebase rate of 0.5 microse-
cond per division,

The timebase circuit of Fig. 4-
& can synchronize signals at
trigger frequencies up to about
150 KHz. At higher {requencies.
the input signals musit be divid-
ed by a single- or multi-decade
frequency divider. With that ap-
proach. the timebase can be
used 10 view inpurt signals at
megaheriz frequencies,

Figure 5 illustrates a simple
but versatile trigger selector cir-
cuit for the timebase generator
in Fig. 4-a. Operational ampli-
fier IC1 [a pA741) has a refer
ence voltage fed to its non-
inverting input pin 3 by
TRIGGER LEVEL polentiometer
R4. The signal voltage is then
fed to IC1's inverting pin 2
through switch 51, resistor Rl
and SENSITIVY polentiometer
Ka.

Switch 51 selects either in-
phase or out-of-phase input sig-
nals from the Y-driving ampli-
fier of the oscilloscope, permit-




ting the selection of either the
plus or minus trigger modes.
The output of the circuit in Fig.
5 is coupled directly to the C1
input of Fig. 4

Analog frequency meters

Figure 6 shows the 3535 ICor
ganized as a linearscale analog
frequency meter with a full-
scale sensitivity of 1 kHz. The
circuit’s power is obtained from
aregulated 6-volt supply. and its
input signals can be puises or
square-wave signals with peak-
to-peak amplitudes of 2 voits or
greater. Transistor Ql amplifies
this input signal enough to trig-
ger the 555. The putput from
pin 3 is fed to the l-milliampere
full-scale deflection moving-coil
meter M1 through offset-cancel-
ing diode D1 and multiplier re-
sistor RS,

Each time the monostable
multivibrator is triggered. it
generates a pulse with a fixed
duration and amplitude. Ifeach
generated pulse has a peak am-
plitude of 6 volts and a pertod of
1 millisecond. and the multi-
vibrator is triggered at an input
frequency of 500 Hz, the pulse
will be high (at 6 volts) for 500
milliseconds in each 1000 milli-
seconds. Moreover, the mean
value of output voltage mea-
sured over this period is 500
milliseconds/ 1000 milliseconds
X B volts = 3 volts or half of 6
volts.

Similarly, If the lnput fre-
quency is 250 Hz, the pulse is
high for 250 milliseconds in
each 1000-millisecond period.
Therefore, the mean output
voltage equals 250 millise-
conds’ 1000 milliseconds = 6
volts = 1.5 volts or one quarter
of 6 volts, Thus, the circult’s
mean value of output voltage,
measured over a reasonable
total number of pulses, s di-
rectly proportional to the repeti-
tion frequency of the monosta-
ble multivibrator

Moving-coil meters give mean
readings. In the circuit of Fig. 6
a l-milliampere meter is con-
nected in series with multiplier
resistor R5. which sers meters
sensitivity at about 3.4 volis
fuill-scale deflection. The meter
is connected ta give the mean
output value of the mulri-
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FIG. 10—DC VOLTAGE-DOUBLER based on the 555.
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AG. 11—0C VOLTAGE-TRIPLER based on the 5565.
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vibrator, and its reading is di-
rectly proportional to the input
frequency:

With the component values
shown, the circuil is organized
to read full-scale deflection at |
kHz. To set up the eircudt ini-
ually. a 1-kHz square-wave sig-
nal is fed 1o its input, and full-
scale-adjust potentiometer R7
(it controls pulse length) is set
to give a full-scale reading on
the meter.

The full-scale frequency of the
circuit in Fig. 6 can be varied
from about 100 Hz to 100 kHz by
selecting the value of C3. The
circuit can read {requencies up
to tens of megahertz by intro-
ducing the input signals to the
monoesiable multivibrator
through either a single or multi-
decade digital divider. The di-
viders can reduce the input fre-
quencies o values that can be
rcad on the metern

Figure 7 shows how the cir
cuit in Fig. 6 can be modified to
become an analog tachometer
or revolutions per minute (rpm)
meter for motor vehicles. The
circuit is powered by a regulated
8.2 volts derived from the vehi-
cles 12-volt battery with resistor
Rl. Zener diode D1. capacitor
Cl. and the ignition switch. The
335 is triggered by a signal from
the vehicle's breaker points con-
ditioned by the network of re-
sistor R2, capacitor C2, and
Zener diode D2.

The 50-microampere moving-
coil meter M1. the rpm indica-
tor, is activated from ouTeuT pin
3 of the 555 through diode D3
Current is applied 1o the meter
through series-connected re-
sistor RS and caLisrate
potentiometer RE6 from the
power supply when the 555%
output is high. But current is
dropped nearly to zero by diode
D1 when the 555 output is low.

Both the circuits of Figures §
and ¥ are powered from regu-
lated sources to ensure a con-
stant pulse amplitude and
provide accurate, repeatable
readings from the meter. The
meter is actually a current-indi-
cating device, buti it is con-
nected as a voltage-reading
meter with suitable multiplying
resistors, They are REand R7 in
Fig. 6 and R5 and R6 in Fig. 7.

FIG. 14—NEON-LAMP DRIVER based on the 555 a, and DC-1o-DC converier with

rectifier and filter replecing lamp, b.

FIG. 15—DC-to-AC INVERTER based on the 555.

The diagram of Fig. 8 shows
the outline schematic for an al-
lternative analog frequency
meter that requires neither a
multiplier resistor nor a regu-
lated power supply. In this cir-
cuit, oureut pin 3 of the 555 is
connected to the meter through
JFET transistor Q1. Configued
as a consiant-current generator
through potentiometer R3, it
sends a fixed-amplitude pulse
to the meter regardless of varia-
tions in the supply voltage.

Missing-pulse detector
Figure 9 illustrates how the

355 can become the kev compo-
nent in a missing-pulse deter-
tor that closes a relav or
flluminates a LED if a normallv
expected event fails to ocour
The 5355 |5 connected as a
monostable multivibrator ex-
cept that Q1 is placed across
timing eapacitor C1. and its
base 1s connected (D TRIGGER
pin 2 of the IC through R1.

A series of short pulse- or
switch-derived clock input sig-
nals from the monitored event
is sent topin 2. The values of R3
and C1 were selected so that the
natural monostable period of



FIG. 16—FUNCTIONAL BLOCK DIAGRAM and pinout of the CMOS 7535.

the IC is slightly longer than the
repetition period of the clock in-
put signals.

Thus. each time a short clock

arrives, Cl is rapidly dis-
charged through Q1. and simul-
taneously a one-shot timing
period is Initiated through
rriGGER pin 2 of the IC. forcing
outeuT pin 3 high. Before each
monosiable period can termi-
nate naturally. however, a new
clock pulse arrives and starts a
new timing period. Therefore
ouTPUT pin 3 remains high as
long as cleck-input pulses con-
tinue to arrive within the preset
time limits.

If a clock pulse is missing or
its period exceeds the pre-set
limits. the monostable period
will end on its own. If that hap-
pens. pin 3 of the IC will go low
and drive either therelaver LED
“on.” As a result. the circuit be-
comes a missing-pulse detector.
It will produce a pulse output
when an input pulse fails 0 oc-
cur withun the timer delay

Missing-pulse detectors like
this can automatically warn of
gaps Or ONE OT MOre Missing
pulses in a stream of pulses at
the input. They are used in com-
municailons systéms, cCon-
tinuity testers, and security
systems. With the component
values shown. the timer has a
natural period of about 30 sec-
onds. This period can be
changed by changing R3 or Cl
to satisty specific needs.

Voltage converters.

The 555 IC can be insmumen-
tal in converting a DC voitage to
a higher DC voltage, reversing
the polanity of a DC voltage or
converting it 10 an AC voltage.
Figures 10 to 15 show variations
of those circuits.

Figure 10, for example. shows
how the 535 functions in a DC
voltage doubler. The 555 is orga-
nized as a free-running astable
multivibrator or square-wave
generator that oscillates at
about 3 kHz. {The oscillation
frequency is set by the values of
R1. R2 and C2.) The circuits
output is sent to the capacitor/
diode voltage-doubler network
made up of C4. D1, C5, and D2.
That network produces a volt-
age that is about twice the sup-
ply voitage. Capacitor C1. across
the supply, prevents the 3-kHz
output of the 555 from being fed
back to the [C, and C3 stabilizes
the circuit.

The voltage-doubler circuit of
Fig. 10 will operate from any DC
supply offering from 5 to 15
volts. As a voltage doubler it can
provide outputs from about 10
to 30 volts. Higher output volt-
ages can be obtained by adding
more multiplier stages to the
eircuit circuit. Figure 11 is the
schematic for a DC-voltage tri-
pler that can supply from 15 to
45 volts, and Fig. 12 is the sche-
marie for a DC voltage quad-
rupler that supplies from 20 to
60 volts,

The DC negative-voltage gen-
erator Is a particularly useful
555-based converter circuit. It
supplies an output voltage that
is almost equal In amplitude
but opposite in polarity to that
of the IC supply. This circuit can
provide both positive and nega-
tive voltages for powering op-
amps and other ICs with dual
power requirements {rom a
positive supply. The DC nega-
tive-voltage generator in Fig. 13.
like that shown inFig. 10,isa 3-
kHz oscillator that drives a volt-
age-doubler output stage made
up of C4, C5. D1. and D2.

Figures 14-a and 15 show DC
1o AC inverters that change In-
put DC voltage to output AC
vnlla%c by means of transiormer
coupling. The AC voltage from
these inverters needs no further
conditioning, and it can be con-
verted back into higher DC volt-
ages with the addition of only a
half- wave rectifier and a capaci-
tor filter.

The inverter shown in Fig. 14-
a can drive a neon lamp with its
AC gutput. If the lamp and re-
sistor R4 are replaced by the di-
ode and capacitor filter as
shown in Fig. 14-b, the AC out-
put can be converted back to a
low-current, high-voitage DC
output. For example. with a 5-
to 15-voit DC input, the inverter
can produce an output of sev-
eral hundred volts DC.

The 555 in Fig. 14-a is config-
ured as a 4-kHz oscillator and
its square-wave output from pin
3 is fed back to the input of au-
dio transformer T1 through re-
sistor R3. Transformer T1 has
the necessary ratio of primary to
secondary turns to produce the
desired output voltage. For ex-
ample, with a 10-volt supply and
a1:20 tumms ratio on T1, the un-
loaded output of T1 will be 200
volts. peak.

The DC-to-AC inverter sche-
matic of Fig. 15 produces an AC
output at line frequency and
voitage. The 555 Is configured
as a low-frequency oscillator,
tunable over the frequency
range of 50 to 60 Hz by
FREQUENCY potentiometer Ra.
The 555 feeds its output (ampli-
fied by Q1 and Q2] to the input
turns of transformer T1, a re-
verse-connected filament trans-
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[ormer with the necessary step-
up turns ratio. Capacitor C4
and ceil L1 filter the input to T1.
assuring that it is effectively a
sinewave.

A CMOS version of the 555
The standard bipolar 555
timer IC is still one of the most
popuiar and versatile ICs todayw.
but it has some drawbacks that
were overcome by a CMOS ver
sion. For example. the 555 will
not operate from voltages less
than about 5 volts. Morcover, i1
typically draws 10 milliamperes
of guiescent current when run
from a 15-velt supply. This
rather large current drain
makes it unsatisfactory for
most batterv-powered circuits.
In addition to thosze shori-
comings. the 555 produces a
massive 100-milliampere cur-
rent spike from the supply as its
output is swiltched from one
state to the other. A spike. last-
ing only a fraction of a microse-
cond, can cause lost bits in
digital circuits near the 555 or
powered {rom the same supply

The CMOS version of the 535
timer, also able to operate in
both monostable and astable
modes, is known generically as
the 7555. Figure 16 shows the
functional block diagram and
pinout of the 7555. This can be
compared with the functional
block ram of Fig 1. Note that
the pinout i=s identical.

Harris Semiconducior’s ver-
sion of the 7555, for example. is
designated the ICM7555, In
common with all ather 73555, 1t
will run froma - 2- to + 1&volt
DC supplv. Notice that the re-
sistors in its internal voltage di-
vider are 50 K rather than the
5K of the 555. Other sources of
the 7555 are Maxim (ICM7555)
and Sanyo (LC7555).

Supply current to the 7555 is
typically only 60 microamperes
when mun [rom an 18-volt sup-
ply. In addition, wpical TRIGGER.
THRESHOLD, and RESET CUrrents
are 20 picoamps, orders of mag-
nitude lower than those of the
bipelar 555. Those low currents
permit the use of higher imped-
ance timing elements for longer

RC time constants. The 7555
can be organized 1o time out in
pericds from microseconds to
hours.

Table 2 compares the charac-
teristics of the 7555 to those of
the 5535. The 7555 permits:

* Lower supply current

® Wider supply voltage range

® Lower power dissipation

® Lower curreni spikes in out-
put transitions

® Higher switching frequency
performance

These improvements must be
balanced against the higher
cost of the 7555. The 7555
should be specified only if:
® It is to be used in a batterv-
powered circuit where power
economy s critical
& Available power i= 5 volts or
less (too low for the 555)
® 1 is o be In digital circuitry
whose signal output could be
degraded by noise.

The 7556 is the dual CMOS
counterpart of the bipolar 356.
The 7555 can directly replace
any 335 in all the circuits pre-
sented in this series. R-E



