555 TIMER

X8 INTRODUCTION |

The 555 timer is a highly stable device for generating accurate time delay or oscillation. Signetics
Corporation first introduced this device as the SE555/NE555 and it is available in two package
styles, 8-pin circular style, TO-99 can or 8-pin mini DIP or as 14-pin DIP. The 556 timer contains
two 555 timers and is a 14-pin DIP. There is also
available counter timer such as Exar's XR-2240 which _/
contains a 555 timer plus a programmable binary v
counter in a single 16-pin package. A single 555 timer Ground [1] 18] Yes
can provide time delay ranging from microseconds to
hours whereas counter timer can have a maximum  Trigger [2] 7] Discharge
timing range of days. 555
The 555 timer can be used with supply voltage in
the range of + 5V to + 18V and can drive load upto Output 3 6] Threshold
200 mA. It is compatible with both TTL and CMOS
logic circuits. Because of the wide range of supply  Reset [4] 5| Control
voltage, the 555 timer is versatile and easy to use in voltage
various applications. Various applications include
oscillator, pulse generator, ramp and square wave 8-pin package
generator, mono-shot multivibrator, burglar alarm,
traffic light control and voltage monitor etc.

Fig. 9.1 Pin diagram

[¥Y DESCRIPTION OF FUNCTIONAL DIAGRAM |

Figure 9.1 gives the pin diagram and Fig. 9.2 gives the functional diagram for 555 IC timer.
Referring to Fig. 9.2, three 5 kS internal resistors act as voltage divider, providing bias voltage
of (2/3) Vi to the upper comparator (UC) and (2/3) Vi to the lower comparator (LC), where
Vi is the supply voltage. Since these two voltages fix the necessary comparator threshold
voltage, they also aid in determining the timing interval. It is possible to vary time electronically
too, by applying a modulation voltage to the control voltage input terminal
(pin 5). In applications, where no such modulation is intended, it is recommended by
manufacturers that a capacitor (0.01 uF) be connected between control voltage terminal (pin
5) and ground to by-pass noise or ripple from the supply.



555 Timer

OVOC
_ 18
| O Vit |
l 5 kQ |
6 | Q, | Reset
Threshold | : 4

5
Control Control

FF

Ve
3 LT
R Trigger|
I
(2
o—
Discharge| Output
Power
| a O amp —lL—-O
| 1 (Inverter) 3

Fig. 9.2 Functional diagram of 555 timer

In the standby (stable) state, the output @ of the control flip-flop (FF) is HIGH. This makes
the output LOW because of power amplifier which is basically an inverter. A negative going
trigger pulse is applied to pin 2 and should have its dc level greater than the threshold level
of the lower comparator (i.e. Vc/3). At the negative going edge of the trigger, as the trigger
passes through (V¢/3), the output of the lower comparator goes HIGH and sets the FF
@=1, 6 =0). During the positive excursion, when the threshold voltage at pin 6 passes through
(2/3) Vic, the output of the upper comparator goes HIGH and resets the FF (@ =0, @ = 1).

The reset input (pin 4) provides a mechanism to reset the FF in a manner which overrides
the effect of any instruction coming to FF from lower comparator. This overriding reset is
effective when the reset input is less than about 0.4 V. When this reset is not used, it is
returned to Vge. The transistor @, serves as a buffer to isolate the reset input from the FF
and transistor @,. The transistor @, is driven by an internal reference voltage V. obtained

from supply voltage Vic.
¥l monosTABLE OPERATION 1

Figure 9.3 shows a 555 timer connected for monostable operation and its functional diagram
is shown in Fig. 9.4. In the standby state, FF holds transistor @, on, thus clamping the
éxternal timing capacitor C to ground. The output remains at ground potential, i.e. LOW. As
the trigger passes through V/3, the FF is set, i.e. @ = 0. This makes the transistor @, off
and the shdrt circuit across the timing capacitor C is released. As @ is LOW, output goes
HIGH (= Vo). The timing cycle now begins. Since C is unclamped, voltage across it rises
®XPonentially through R towards V. with a time constant RC as in Fig. 9.5 (b). After
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a time period T (calculated later), the capacitor voltage
is just greater than (2/3) V¢ and the upper comparator
resets the FF, that is, R = 1, S = 0 (assuming very
small trigger pulse width). This makes 6 =1,
transistor @, goes on (i.e. saturates), thereby
discharging the capacitor C rapidly to ground potential.
The output returns to the standby state or ground
potential as shown in Fig. 9.5 (c).

The voltage across the capacitor as in Fig. 9.5 (b) is
given by

Ve = Ve (1 - e/RC) 9.1
At t =T, U = (2/3) VCC
Therefore, %Vcc = Voo (1 — e TRCy
or, T = RCIn (1/3)
or, T = 1.1 RC (seconds)
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Fig. 9.3 Monostable multivibrator
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It is evident from Eq. (9.2) tha? the timing interval is independent of the supply voltage.

[t may also bg noted that once triggered, the output remains in the HIGH state until time

T elapses. which depends only upon R and C. Any additional trigger pulse coming during this
ume will not change the output state. However, if a negative going reset pulse as in Fig. 9.5(d)

= applied to the reset terminal (pin-4) during the timing cycle, transistor @, goes off, @,
pecomes on and the external timing capacitor C is immediately discharged. The output now

t «ll be as in Fig. 9.5 (e). It may be seen that the output of @, is connected directly to the
- nput of @, so as to turn on @, immediately and thereby avoid the propagation delay through
E the FF. Now, even if the reset is released, the output will still remain LOW until
?
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Fig. 9.5 Timing pulses

4 negative going trigger pulse is again
#pplied at pin 2. Figure 9.6 shows a graph 10
o the vanous combinations of R and C
Bokasary 1o produce a given time delay.
_ Sometimes the monostable circuit of
2. 9.3 mistnggers on positive pulse edges,
~en with the control pin by pass capacitor.
To Prevent thiz, a modified circuit as shown
5?"2- 9.7 15 used. Here the resistor and
L wetor combination of 10 k€ and 0.001
Uur::; the input formﬁ a differentiator,
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Fig. 9.6 Graph of RC combinations for different time delays
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Fig. 9.7 Modified monostable circuit

Example 9.1

In the monostable multivibrator of Fig. 9.3, R = 100 kQ and the time delay T = 100 mS.
Calculate the value of C. Verify the value of C obtained from the graphs of Fig. 9.6.
Solution

From Eq. (9.2), we get
C=T1.1R=100x 10%1.1 x 100 x 10> = 0.9 pF

From the graph of Fig. 9.6, the value of C is found to be 0.9 pF also.

9.3.1 Applicationsin Monostable Mode

Missing Pulse Detector

Missing pulse detector circuit using 555 timer is shown in Fig. 9.8. Whenever, input trigger
is low, the emitter diode of the transistor @ is forward biased. The capacitor C gets clamped
to few tenths of a volt (~ 0.7 V). The output of the timer goes HIGH. The circuit is designed
<o that the time period of the monostable circuit is slightly greater (1/3 longer) than that of
the triggering pulses. So long the trigger pulse tram .keeps~ cozpjng at pin 2 the output
remains HIGH. However, if a pulse misses, the trigger input is high and transistor @ is cut

+Ve
T S Missing pulse
T_—“— Trigger input J
B8 |4 T [ —
; o 0 1 2 3 4
Troger o f \
— Q | 55 T O TS TPl -
it ] 6 5 0 : "1
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1 | = _.‘_J__’ \
¥ T 0

Fig 9.2 A mesng puise detector monostable Greuit Fig. 9.9 Output of missing pulse detector
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off. The 555 timer enters into norn?al state of monostable operation. The output goes LOW after
ame T of the mono-shot. Thus this type of circuit can be used to detect missing heartbeat. It
can also be used for speed control and measurement. If input trigger pulses are generated from

a rotating wheel, the circuit tells when the wheel speed drops below a predetermined value.

Linear Ramp Generator

Linear ramp can be generated by the circuit shown in Fig. 9.10. The resistor R of the monostable
arcuit is replaced by a constant current source. The capacitor is charged linearly by the
constant current source formed by the transistor @;. The capacitor voltage v, can be written as

14
v, = E{Ldt (9.3)

«here i is the current supplied by the constant current source. Further, the KVL equation can

be written as

i Vee =V,

R1 N R2 cc ~YBE — (B +1)IgRg =BIgRg = IcRg =iRg 9.4)
where Iy, I are the base current and collector current respectively, B is the current amplification
factor in CE-mode and is very high. Therefore,

e R, Voc — Ve (By + Ry) 9.5)
R (R, + R,) )
Now putting the value of the current i in Eq.
9.3, we get o Vee
v, = Rl VCC - VBE (Rl + R2) xt (9.6) 4
C Rx(R; + Ry) Trigger
)

Attime ¢ = T, the capacitor voltage v, becomes
(23) Voo Then we get

: 555
"2"VCC = Rl VCC - VBE (Rl +R2) xT (9'7) Output 3
3 Rg (R, +R,)C o—
which gives the time period of the linear ramp
generator as
= (2/8) Voo By (Fy + K )¢ (9.8) Fig. 9.10 Linear ramp generator

R Vee - Ve (R + Ry)

u The capacitor discharges as soon as its voltage reaches (2/3) Ve which is the threshold of the
;per‘mmpammr in the monostable circuit functional diagram. The capacitor voltage remains
10 till another trigger is applied. The various waveforms are shown in Fig. 9.11.

The Practical values can be noted as

Chapter 9
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R, = 47 kQ; R, = 100 kQ; Ry = 2.7 kQ; C = 0.1 pF.
Vee = 5V (any value between 5 to 18 V can be chosen)
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Fig. 9.11 Linear ramp generator output

Frequency Divider

A continuously triggered monostable circuit when triggered by a square wave generator can be
used as a frequency divider, if the timing interval is adjusted to be longer than the period of
the triggering square wave input signal. The monostable multivibrator will be triggered by the
first negative going edge of the square wave input but the output will remain HIGH (because
of greater timing interval) for next negative going edge of the input square wave as shown in
Fig. 9.12. The mono-shot will however be triggered on the third negative going input, depending
on the choice of the time delay. In this way, the output can be made integral fractions of the

frequency of the input triggering square wave.
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Fig. 9.12 Frequency divider circuit
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putse Width Modulation

The circunt 15 ghownn Fig. 9.13. This is basically a monostable multivibrator with a modulating
',.ful «ignal applied at pin-5. By the application of continuous trigger at pin-2, a series of output
;’[:l,.v& are obtained. the duration of which depends on the modulating input at pin-5. The
:&,du]anng signal applied at pin-5 gets superimposed upon the already existing voltage (2/3) V¢
5 the inverting input terminal of UC. This in turn changes the threshold level of UC and the
~tput pulse width modulation takes place. The modulating signal and the output waveform are
.nown 1n Fig. 9.14. It may be noted from the output waveform that the pulse duration, that
.+ the duty cycle only vanes, keeping the frequency same as that of the continuous input pulse

train trigger.
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Fig. 9.13 Pulse width modulator Fig. 9.14 Pulse width modulator waveforms
(X3 ASTABLE OPERATION |

The device 18 connected for astable operation as shown in Fig. 9.15. For better understanding,
the mmplete diagram of astable multivibrator with detailed internal diagram of 555 is shown
n Fig 9.16. Comparing with monostable operation, the timing resistor is now split into two
=sons Ky and Ry, Pin 7 of discharging transistor @, is connected to the junction of R, and
By When the power supply Vi is connected, the external timing capacitor C charges towards
V.o with a time constant (R, + RypC. During this time, output (pin 3) is high (equals V)
@ Reset R =0, Set S = | and this combination makes 6 = 0 which has unclamped the timing
Gpacitor

When the capacitor voltage equals (to be precise is just greater than), (2/3) V- the upper
“mparator triggers the control flip-flop so that 6 = 1. This, in turn, makes transistor @, on
nd capacitor € sparis diechnrging towards ground through Ry, and transistor @, with a time
“mstant it (neglecting the forward resistance of €,). Current also flows into transistor @,

rough R,. Resistors R, and R must be large enough to limit this current and prevent

Amage to the dischurge transistor @,. The minimum value of R, is approximately equal to
/0.2 where 0.2 A is the maximum current through the on transistor @,.
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Fig. 9.16 Functional diagram of astable multivibrator using 555 timer

During the discharge of the timing capacitor C, as it reaches (to be precise, is just less than)
V.43, the Jower comparator is triggered and at this stage S =1, R =0, which turns @ =0.
Now @ = 0 unclamps the external timing capacitor C. The capacitor C is thus periodically
charged and discharged between (2/3) V¢ and (1/3) Vi respectively. Figure 9.17 shows the
timing sequence and capacitor voltage wave form. The length of time that the output remains
HIGH is the time for the capacitor to charge from (1/3) Vi to (2/3) V. It may be calculated

as follows:



— |
| Capacitor
| \ voltage

Fig. 9.17 Timing sequence of astable multivibrator

The capacitor voltage for a low pass RC circuit subjected to a step input of V¢ volts is given

4]

ve = Vee (1 -89
The time ¢, taken by the circuit to charge from 0 to (2/3) Vi s,

(2/3) Vee = Vg (1-e ™7F¢) (9.9)

Chapter 9

or tl = 1¢09 RC
and the time ¢, to charge from 0 to (1/3) V¢ is,

(U3) Ve = Voo (1 -e2'5%) (9.10)

or. t, = 0.405 RC |
So the time to charge from (1/3) V¢ to (2/3) Ve 1s ‘
|

bign = b1 — L2 |
tyicu = 1.09 RC - 0.405 RC = 0.69 RC
S, for the given circuit,
tuigy = 0.69 (R5 + Rp)C
The output is low while the capacitor discharges from (2/3) Ve to (1/3) Ve and the voltage
“a0%3 the capacitor is given by
(113) Vo = @3)Vee e/
Wing we get 4 = 0.69 RC
S, for the given circuit, ¢y = 0.69 RgC

Notice that both R, and Ry are in the charge path, but only Ry is in the discharge path.
erefore, tota] time,

9.11)

S
(9.12)

T = o + tLow
T =069 (R, + 2Rp) C

op,

1 1.45
_1_ _ 9.13
/= T=®a+2Rs)C S



Figure 9.18 shows a graph of
the various combinations of Ry +
2Rp) and C necessary to produce
a given stable output frequency.
The duty cycle D of a circuit is
defined as the ratio of ON time to
the total time period 7 = (ton +
torp)- In this circuit, when the

transistor @, is on, the output

goes low. Hence, 0.001 1 ) ' !
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Fig. 9.18 Frequency dependence of Ry, R, and C

Ry 100 (9.14)

" R, +2Ry

With the circuit configuration of Fig. 9.15 it is not possible to have a duty cycle more than
50% since tyigy = 0.69 (R4 + Rp) C will always be greater than ¢ oy = 0.69 Ry C. In order
to obtain a symmetrical square wave i.e. D = 50%, the resistance R, must be reduced to zero.
However, now pin 7 is connected directly to V¢ and extra current will flow through @, when
1t is on. This may damage @, and hence the timer.

An alternative circuit which will allow duty cycle to be set at practically any level is shown
in Fig. 9.19. During the charging portion of the cycle, diode D, is forward biased effectively short
circuiting Ry so that

tHIGH =0.69 RAC

However, during the discharging portion of the cycle, transistor @, becomes ON, thereby
grounding pin 7 and hence the diode D, is reverse
biased.

0 *Vee
So LLO\V =0.69 ‘RB C (915) |
T= t’HIGH + tLOW = 0.69 (RA + RB) C (916) é [1009.
R, l
_ 145 | 4
Y T AT 01 Pty st |
A B Lp7 3
ool Discharge ——00 t
u
and duty cycle D = Ry | a
R, + Ry el 555
Resistors R, and Ry could be made variable to D, "I ! &l Threshold
allow adjustment of frequency and pulse width. 5] Trigger
However, a series resistor of atleast 100 Q (fixed)
should be added to each R, and Ry. This will —c
limit peak current to the discharge transistor @, ] ;
when the variable resistors are at minimum GND Contro
value. And, if R, is made equal to Ry, then 50% 1 l 5
duty cycle is achieved. L 0.01 F

Symmetrical square wave generator by
adding a clocked JK flip-flop to the output of Fig. 9.19 Adjustable duty cycle rectangular
the nonsymmetrical square wave generator is wave generator
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