
FIG. l-PINOUT AND FUNCTIONAL BLOCK di agram 01l he 555 ti mer IC.
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Th en th e out pu s witches high
a nd remains h igh u n til th e In­
pu t rises above the two-thi rds
s u pply level aga in.

The di fference be tween those
two triM er levels Is caned th e
hys teres is value. It is one-th trd
of the supply In FI~. 2-a. That
large hyste resis m akes th e err,
cult usefu l In s ig nal co n ­
ditioning where no ise a n d
ripp le m us t b e rej ected, a s
shown In Fig. 2-b .

Ftgurc 3 shows how the c tr-
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two-thirds of the s u pply voltage ,
a nd th e non-Inverting terminal
of comparator B a t one- thi rd of
the s u pply voltage. Comparator
A dr ives th e R In put a nd com­
parato r B drives th e S Input of
the on-chi p R-S flip-flop.

When the input volt age of the
circu it in Fig. z -a r ises above
two-th irds of th e s u pply voltage.
the 555 output s witches to Its
low s tate. It rema in s there until
the Input volta ge fa lls below
on~- th lrd of the supply voltage.

Put the 555 time to work as a Schmitt
trigger or as the hear t of light and
temperature alarms and drivers, a
metronome, and a continuity checker.

555
OSCI LATORS

RAY M. MARSTON

Schmitt trigger
Figure I Is the pi nou t a n d

fu nctiona l b lock d ia gram for
th e 555 ti mer Ie. In previous
a rticles It was pointed ou t th at
for a 555 In the ti me-de lay oper­
allon mod e, timi ng can be pre­
c isely controlled by one external
res is tor a nd on e ca pac itor. For
as ta b le op e ra tio n a s a n os ­
c illa tor, the free-running fre ­
quen cy an d du ty cycle ca n be
accu ra tely con trolled wllh two
ex ternal resi s tors and a s ingle
ca pac itor.

It Is wort h reca lling th at the
555 ca n be trlAAered a nd reset
on failin g waveform s, and th e
output ci rc u it ca n sou rce o r
si nk up to 200 milliamperes , or
dr ive TIL circu its . Th e 555·5
fea tures Include normally on
and n orm ally off out pu ts .

Figu re z-a Illustra tes the 555
Ie as th e ac tive compon en t In a
Sch mitt tr iMer circu it. Notice
th at the 5555 TRIGG lm pin 2 a nd
TIIRESHOLl) pin 6 a re con nected
to form an Input tennlnal. Ex­
temal lnput s ignals are applied
directly a t tha t poin t. The
OlTTPIJT pin 3 becomes the out­
put te rminal.

In ternal compara tors A a nd U
(sec Fig. Il a re b iased wit h an
on-chip voltage d tvrder, Th a t di­
vid er bi ases co m parato r A at

T WO l' IH:V IO US A I{TICI.~; S IS ~: I'.

{ember, page 58 and October
page S explained tbe opcrauon
of the po pu lar and versatile in ­
dustrv-st andard 555 t imer leas
a moriostublea n d astable mult i·
vib ra to r; They gave' examples of
lis use In accu rate lime delay or
oscilla tor c ircu its.

This third a r ti cle starts by
discussing th e 555 as the kc)'
component In a Sc h mitt triMer
ctrcu tt. It goes on 10 explain the
role of th e 555 in various astable
m ul t tvrbratcr or osci llator lr­
cu lts wn h many prac ti cal ap ­
plications . Th os e ci rc u its in
elude light- and dark- as well as
hot- and cold -actuated alarms.
Other c ircu its a rc a code prac­
tice oscilla tor; a door buzzer; a
con tinuity tester. a s igna l ge ne r­
ator. and a metrono me. Vario us
light-actuator a nd relay-driver
circu its a re Inclu ded .
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FIG. 5-MINIMUM-BACKLASH. DARK­
ACTIVATED relay based on Ihe 555.

Stable of os cillators
The 555 In the astable mult i­

vibrator or osc illator mod e has
th ree ou ts ta nd in g adva n tages
ever ot her kinds of oscillators:
• Excellent frequency stability
wit h va r ia tions in s u pply volt­
age an d tempe rature.
• Freq ue n cy va r iab le over a
wide range wtth a s tngle poten ­
tiometer co n tro l.
• Low impedance ou tpu t that
ca n sou rce or s ink cu rre n ts up
to 200 m llliamperes .

Figure 7 s hows the 555 as the
se mico nductor IC in a Morse­
code practi ce osc illa tor. The ci r­
cu it Is a n oscillator with Its fre­
quency variab le from 300 Hz to
3 kl lz by adjusti ng tone control
poten ti ometer R3 . Th e soun d
volu me of head phone ZI can be
va r ied with poten tiom eter R4 .
a nd the headphones can have
a ny DC resistance from a few
oh ms up to a few m egohms. The
os c illa t o r ci rcu li d raws n o
qu iescen t cu rren t u nt il the n or­
mally-open Morse key co nnects
the c irc u it to the 5- to 15-volt
su pply.

Figure 8 s hows the 555 as the
se m icon duc tor device in a s im ­
ple electronica lly act ua ted door
buz zer. Pushbutton switch 8 1
connects th e 555 to the 9-voll
ba ttery. a nd the outpu t of the IC
Is cou pled to s pea ke r SPKR I
th rough ca pacitor C4. Capac i­
tor CI produ ces a low s u pply­
lin e Impedance. ens uring ade-

a t ti r e tn c reas ca. I Th e the r­
mi s tor for th is a pplica t ion mus t
ha ve a res is tance value be tween
4700h msand 10 klloh msal the
des ired tur n -on te m pera tu re.
The r mis tors a re typ ica lly pack­
aged as rad ia l-leaded d isks. and
the ir resistance values a rc spec­
ified at 25" C.
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FIG . 4_ DA RK_AC TIVAT ED REL AY
SWITCH BASED on the 555 has a lot 01
hysleresis.

pltcattons . A more useful relay­
d rivin g. da rk-ac tivated switch­
ing c ircuit is s hown in Fig. 5. It
ac ts as a fast com pa rator rat her
than a tru e Sch m itt tr igger. The
T Il RESHOLD p in 6 to In ter na l
compara tor A of the 55 5 is lied
perma ne n tly h igh by res is tor
H3 . whl1e the ou tp ut of t he
light-sensing poten tiom ete r HI
and photocell R2 voltage d ivider
is applied to TRIGG lm pin 2 of
compara tor B.

T he photo rc s ts t tvc element
for thi s c ircu it can be a ny cad­
m ium-sul fid e ph otocel l wh ose
res is tance is between 470 0hms
an d 10 klloh ms a t the desired
tu m-on light level. The c irc u it
In Fig. 5 ca n a lso func tion as a
ligh t- (ra the r than da rk-) act t­
vated switch by exchangin g the
pos it ions of th e po tentiometer
and ph otocell. as s hown in Fig.
6-a.

FIG. 3- A SCHMITT TRIGG ER SINE­
AND SQUARE- wave ge nerator formed
wilh a 555 IC.
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The circu it can a lso functi on
a s a te m pera tu re -ac tiva ted
switch by s ubs titu ti ng a ther­
m istor wit h a n egative tempera­
tu re coeffi cient fo r the pho­
tocell, as s hown In f igs . 6-b and
6-c. (A therm is tor wit h a n ega­
tive temperature coe fficien t de­
creases In resi s tance as tem per-
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cu lt in Fig. z-a ca n be mod ified
into a h igh -performa n ce s ln e­
to squ a re-wave con ver ter u seful
a t input freque ncies u p to abo u t
150 kH z. The volt age d ivide r
form ed by RI a nd R2 b iases the
in pu t te rm inal (pins 2 and 6) of
the 555 a t its qu iescen t va lue of
one-half the s u pply voltage H.e..
m idway be tween the upper a nd
lower trigger va lues ).

The s ine-wave in put signa l is
s u per im posed on t h is poin t
with ca pacitor C l. Square-wave
ou tput s igna ls a re taken from
pi n 3 of the IC. Res istor R3 is
wired In ser ies with the In pu t
te r minal to ensu re that the
s ine -wave s igna l Is not distorted
when the 555 switch es.

F ig ure 4 s hows h ow t h e
Sch mitt tr igge r circu it can be
made in to a da rk -activated relay
ac tua tor by wir ing the ligh t-de­
penden t voltage d rvtder con s ts t­
in g of potentlomen ter R I a n d
photocell R2 to the in put termi ­
nal of the IC. Th e potentiometer
and photocell resistan ce va lu es
a re nea rly eq ual a t th e m iddle of
the ligh t-activa tion ra nge.

The In h ercn lly hig h inp u t
backlas h or hys te res is of the
S c h m it t t r igge r lim i t s t h e
u sefulness of this circu it to very
s p ec ia lize d ligh t-sensing a p-

o

,
FIG. 2- A SCHMITI T'~R~'G=G==ER:'":C:~'·R~CUIT
lormed with a 555 timer IC.
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When t h e o u t pu t s w itches
h igh . C I c ha rges r a p i dl y
through diode 0 1 a nd resistor
RI in se r ies to generate a bea t
pulse on ly a few millisecon ds
long. Wh cn thc out pu t switches
low agai n. C l d isch arg e s
th rou gh po ten tiometer R3 a nd
resistor R2 In series to provide
a n off period of up to two sec­
onds (30 beats pe r minute). The
ou tpu t pulses a re fed to s pea ker
5 PKRllhrough level-con trol po­
tennometer R4 a nd buffer tran ­
s is tor g l.

LED flas h ers and alarms.
Figures 12 to 14 s how th e 555

In LED flas h er applica tions In
which the LED's have eq ual OIl

and 0 (( swt tcb tng times . With
th e compo nen t values s hown .
each circu it flas hes a t a ra te of
about one flash per second.

The circ uit In Fig 12 has a sin ­
gle-en ded out pu t. E ither a s in ­
gle LED lor LED's In series) ca n
b e con nected betwee n t he
OlITPUT p ln3 a nd GROUND pin 1of
th e 555 . an d all LED's turn on
a n d off together. Res istor R3
sets the on cu rrent of the LED's.

Th e circuit In FJg. 13 Is stm­
Ilar to that ofFi~ . 12. but it has a
double-en ded out put con nec­
tio n . The LED's above pi n 3 a re
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FIG. l 1-METRONOME CIRCUIT based
on the 555.

FIG.lO-SIGNAL GENERATORbased on
the 555
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In Fig 11 the 555 is the ac tive
com pone n t o f a met ronome
wUh a beat ra te var iable fro m 30
to 120 bea ts pe r m inu te. The
bea t rate ca n be set by adjusting
po tentiometer R3 . and the beat
level ca n be set by adjusti ng po­
tentiometer R4 . Th is ci rcuit Is a
m od ified versi on of the stan-

AG. 9--CONTlNUITY TESTER based on
the 555.

d ard as table rnul n vrb ra tcr In
wh ich th e ma in ti mi ng ne twork
Is driven from OUTPUT p in 3 of
th e IC.

FIG. 7-COOE·PRACnCE OSCILLATOR
with variable tone and volume.

FIG. 8-ELECTRONIC DOOR BUZZER
based on the 555.
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qua re ou tpu t d r ive cu rren t to
the s pea ker when 5 1 Is clos ed .
Th e ci rcu li gen era tes a monoto­
ne bUZZing sou nd s et by poten­
tiometer H2.

Figure 9 shows the 555 as the
semiconductor componen t In a
con tln ulty tes ter th a t generates
an audible tone on ly i f the rest s­
la nce between th e test probes Is
less tha n a few ohms. The c ir­
cuits operation depends on an
output tone that sounds o nly If
t he Rt:St:T lptn 4} Is biased
posit ive to about 600 m lllivolts
or greater by se nsitivity poten ti­
omete r ({ 5 . Pi n 4 Is n orm a lly
pu lled to ground by res ist or R2.
so n o to ne Is hea rd .

For the buzzer In the circuit of
Fig. 9 to sound. the two probe
tips must touch. con nec ti ng R2
to th e ou tput of th e reference
genera to r formed by res ist or R3
and Zen cr d iode 0 1 th rough
sen s it iv ity poten tio m eter R5 .
Poren ttomctcr R5 m ust be ca re­
fu lly adjus ted so th a t a buzztng
sou n d Is ba re ly au d ib le. Con ­
scquentl y. If thc res istance be­
tween the pro be tips exceeds a
few oh ms when a con ti n u ity
tes t Is being made . the buzztng
ton e will not be hea rd . The clr­
cu ll dra ws severa l mill iampcres
whe never 5 1 Is closed. even If
th e probe lips are not touc hing.

Figure 10 shows the 555 fu nc­
tioni ng as a s ignal generator for
testi ng bot h au d io an d rad io­
frequen cy circuits. The ci rcuit
oscilla tes at a frequen cy ofa fcw
h und red h e r t z whe n 5 1 is
closed . Its square-wave ou tpu t
is very r ich in harmonics . a nd
those ca n be det ec ted at Ire ­
quenctes up to ten s of mega ­
h er tz wit h a ra d io receiver. The
s tgnallevcl ca n be va ried by ad­
jus ti ng potentlometcr R3 .

FIG. 6-ALTEANATIVE SENSOR CIR·
CUlTS lor Fig. 5 provide actuallon by
lig ht (a ). un der-tempe ra ture (b), and
over-lemperature(c).



FIG. 14-AUTOMATIC (DARK-ACTUATED) lED FLASHER.
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FIG. 12- LED FLASHER WITH SINGLE·
ENDED output.
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FIG. 13--LEO FLASHER WITH DOUBLE·
ENDED outp ut.

volts . The circu it osc illates only
when pin 4 is pulled to a
po sitive volta ge grea te r t han
600 mil li volt s . That ca n he
ach ieved only by turning on Ql .

As one a n n of th e Wheats tone
b ridge, res is tors R4 a nd R5 ap­
ply a fixed ha lf-supply voltage to
the emit ter of g l. The photocell
a nd pot en ti ometer form t he
other arm thaL applies a ltgh t­
dependent voltage to the base of
trans istor g l.

Under brigh t ligh t. the ph o­
tocell offers low resistance. As a
res u lt, the base-e mitter junc­
tion ofg l is reverse biased, a nd
the circu it docs no t oscillate. By
cont ras t. under dark co nd i­
tions . the photocell res ist ance
is high . so g l and the osclllator
are b iased on . Norma lly. poten­
tiome ter H2 Is adjus ted so the
555 is trl AAered at the des ired
dark level. Th e photo cell shou ld
have a resi st ance between 470
oh ms and 10 k ilohms under

th is cond it ion.
The precis ion gating meth od

described ca n trigger a varie ty
of555 oscillat or circu its to form
useful audible alarms a nd relay
dr ivers . By In terchanging the
photocell wit h the poten tiome­
ter. or rep lacing the ph otocell
with a therm isto r havrng a
nega ti ve te m pe ra t u re coe ffi ­
cien t . those circu its can be tr ig­
gered by increases or decreases
beyond preset values in either
ligh t or tem perature. Figu res 15
to 17 illus trat e practi cal exa m­
ples of suc h circu its.

Figure 15 shows an au tomatic
hea t- or Hgh t-uct ua ted relay
driver. The circu it works with
a ny 12-volt relay having a coil
resi stance greater th an about
60 oh ms . When actuated. the
circuit tr iggers the relay RYI on
a nd off abou t once per second .

A heat-or ligh t-acti vated mo­
no tone alarm Is shown In Fig.
16. When triggered . th is circuit

,~
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on when th e LEOs below pin 3
are off. and vice versa . Res istor
H3 se ts the on cu rrents of the
lower LEO·s . and res is tor R4
sets the on cu rren ts of the up ­
per LEOs .

Figu re 14shows how to rnodt­
fy the circu it in FIg. 12 for au to­
mati c dark-actuation . Reststors
H3 and R4. ph otocell RI , and
potentiometer R2 form a IIght­
sen s it ive Whea tstone b r idge
th at triggers the 555 Linaugh
brid ge balance-detec tor g l and
the ImSI~T pin 4 of th e Ie.

Th e os cilla to r Is normally d is­
ab led by resis tor H6 . which
pu lls Im S ET pin 4 close to zero

. 12V

Rl R3 ot
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FIG. 15-HEAT- OR L1GHT·ACTUATED relay purser
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A G. I 6-HEAT· OR U GHT·ACTUATEO med ium-power SOO-Hz alarm.

FIG.17-ALTERNATIVE SENSO R CIRCUITS for Figs.14 or 15for actuation by darkness
(a). light (b). under-temperature Ie). or over-temperature ld~

the c irc u it of Fig 17·a should be
used . If the c irc uit Is to be trig­
ge red when the light In tensity
rtses to a preset value lIight ac­
tua tion). the circuit of Fig 17-b
s hou ld be us ed .

If you wa n t te mperat ure actu­
ation . use a thermistor wilh a
n e gati ve te m pera t u re coeffi­
cien t a s th e s enso r. For under­
te m pera tu re operation . u se th e
ci rcuit o f Fig. 17·c : for over-tem­
perature operation . u sc the cir­
cu lt of Fig. 17 -d . Rega rdles s of
the kind of operation desi red .
the senso r elemen t must have a
resistance va lue between 4 70
oh ms a nd 10 kllohms at the de­
s ired trigger level.

Lo ng- period timers
1\ 555 can fu nction as a s u­

pe rb manu ally-tr tggercd rcla y­
drivi ng ti mer whe n it is co n­
n ecte d In th e m onostab le o r
pulse-gen erator mode. In prac­
ticala pp licat io ns. s uch a circu it
wi ll not generate accurate tim­
Ing s igna ls of more th an a few
m inu tes becaus e Ih ey requ ire
a n clectrolyt tc capacitor with a
hi gh ca pa c it a n ce va lue . Elec­
trolytlc ca pa citors typtcally havc
wide tolerance va lues ( - 50 to
+ 100%) a nd la rge a nd unpre­
d ict able lea ka ge cu r re n ts.

If the 555 is to be the a ct fve
com po n e n t In lon g- pe r iod
timers. the externa l c ircu it ry
must Include a capacllor o ther
tha n a n elec tro lyu c. Figure 18
s hows . a s a block di a gram. the
p rinci ples beh in d a design fo r a
5 0 -m in ute re lay-dr tvt n g timer.
In th is case. th e 555 Is orga­
n lzed in th e as ta ble m ode . 11 has
it s ou tp ut con nec ted 10 the relay
d river through a la -s ta ge bl n­
ary d tvtder IC. That co n-figura­
ti on g ives an overa ll divis ion
ratio of 16.384. I

If thc ou tput of the 555 Is set ~

to zero a t the start of an In put ~

cou n t. th e outpu t will s witch ~

hi gh u pon rece iving the 8 19 2 nd ~

Inj>U1 pul s e. The circ u it will re- i2
main high until the 16 .38 2nd N
pu lse a rr ives. At that time. th e m
output w ill switch low a gain. i!
co mpic ling th e norm a l operat- .~_
Ing seq uence. .,

In F ig . 18 . the li m in g s e - ~

quence is Initiated by clos ing :;;:
S I. which co n nec ts the s upply
to t he c ircu it. sim u ltaneo u s ly 65
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sw itch ing s p ikes of til e spea ker.
pro tecting Q2 agai nst damage.

I\ ltern atlve senso r ci rc u its
th ai ca n au tom a tica lly a ctivate
t1 H~ circ u its of either Figs . IS or
Il1 a re s hown In Fig . 17 . If lig h t
a ctua tion is desired. the sen so r
s h o u ld be a cad mium-s u lfide
ph otocell. If the circuit Is to be
t r iggered when light level falls to
a p reset valu e (dark actuation),
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AG . l B-A 6O-MINUTE TIMER based on the 555.

ge nerates a buzz ing sou nd at
abou t 800 Hz. Several watts of
power a rc drawn fro m s peaker
S PKH I th ro u gh b uffer tra n ­
s is to r QZ. The res u lting hi gh
s pea ke r o u tpu t c u r re nt co u ld
tr ansfer r ipple voltage to the
power s u pply so d iode Dl a nd
capacitor C3 pro tec t the circuit
from that Interference . Diodes
D2 and D3 clamp thc inductive



FIG. 2G-EXTRA·LONG PERIOD RELAY OUTPUT TIMER provides lOo-minute to 20­
hour intervals.

FIG. 21-WIDE· RANGE TIMER COVERING 1-minute to 2a-hour Inlerva ls In three de­
cade ranges.

RANGES: 1 " 1 TO 10 MIN. 2 c 10 TO 100MlN

FIG. 19-TWO-RANGE RELAYOUTPUT TIM ER providing ' to 10 minute- a nd 10- 10 100­
minute Intervals.

tr lAAering th e oscilla tor a nd set­
t ing the cou nter to zero th rough
ca pacito r C2 a nd res ist or R3 .
Tha t drives the cou nt er ou tpu t
low and tu rn s the relay on . The
co n ta c ts of RYI ma in ta in the
power su pply con nection once
5 1 is released .

Th is con dition is ma in ta ined
u nll l the 8 192 n d osc illa tor
pulse arrives a t the inpu t of the
cou nter: Then the cou n ter out­
pu t switches high and turns the
relay off As the relay turns off.
the contracts of RYI open . d is ­
con necti ng the su pply from the
circu it a nd com pleting the oper­
ati ng cycle.

In ' th is c trcutt. th e oscilla tor
m us t o pe rate wtth a cyc li n g
period th at is 1/8 192nd of the
req u trcd timing period (0. 44
second for th is ci rcuit ). That
can be achieved with a I micro­
farad polyest er capacitor and a
resistor of about 300 k ilohms .

Figu re 19 shows how the de­
s ign in Fig. 18 is implemented
to form a practical rela y-o ut pu t
timer circu it u se fu l for one to
100 minutes in two overla ppi ng
decade ranges . Th at circu it is
powered from a 12-volt su pply.
Th e relay must h-ive a cotl res is ­
tance of 120 oh ms or more.

Figu re ;W illust ra tes ho w the
time delay of the circ u it In Fig.
i9 ca n be extended by con ­
necting a n additional di vider
s tage between the output of the
555 and the in pu t of the relay­
d riving output s ta te. In th is cir­
c u it a dt vtde-b y -tcn 4017 8
CMOS IC is con nec ted be tween
the ou tpu t of th e 555 a nd th e
4020B i -t-stage b inary coun ter.

The arrangement In Fig. 20
g ives an effective overall divi ­
s ion ratio of 81,920, thus mak­
Ing delays from 100 minutes to
20 hours ava ila ble from thi s
Single-ra nge time r. Notice that
both of the d ivider Ie's arc au to­
matically re set by the s er ies
com bi na tio n of capa citor C3
and res istor R3 when switch 51
is closed .

Figure 21shows to mod ify the
ci rcuit in Fig. 20 to mak e a
wide -range gene ra l-p u rpose
tuner tha t covers one minute to
20 hou rs In three decade-based
ranges . The dtvrde -by-ten s tage
Is active only whe n switch 5 1-a
Is a t pos it ion 3 . R-E
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