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INTRODUCTION

Introduced by Signetics in 1972, most popular is NE555 by
STM electronics and Fairchild Semiconductor.

The 555 timer IC is an integrated circuit (chip) used in a
variety of timer, pulse generation, and oscillator applications.
The 555 is used to provide time delays, as an oscillator, and
as a flip-flop element.

It gets its name from the three 5k ohm resistors which give
the two comparators reference voltage.

Depending on the manufacturer, the standard 555 package
includes 25 transistors, 2 diodes and 15 resistors on a silicon
chip installed in an 8-PIN DIP (Dual in-line) package.

It is available in low power CMOS type ICM7555 package and
556 Dual Timer (14 pin) with two timer in one IC and 558
which is Quad timer.
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APPLICATIONS OF 555 TIM

The 555 Timer IC being easy to use, low price, and good stability is
used widely in many applications.
Some of which we are going to show you now, namely:

1. Blinking LED lights
2. Police Car Siren

3. Light Detector

4. Mosquito Repellant
5. Railway Lights
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VOLTAGE DIVIDER

Voltage Divider Network Ve
' T+sv
Each resistor is 5k ohms, so one-third of the Sv
supply voltage drops across each one. Vee
Ry 6 ki)
£y 13V
y % drop
™ .
S e 5 kQQ each— R,
: miism : Y
” 13V
: = drop
. EY .
| RS0 Rvggu}
: 165V
|
J -
aasw !
"o, s
. {
|
= i
:—1"'“_:' : -
&8

Linear integrated circuits-Roy and
Choudry/Salivahanan



VOLTAGE COMPARATO

Voltage Comparator

Whenever the voltage is higher at the + input, the output value is +.
The output is 0 volts under all other conditions.
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- THE FLIP-FLOP

Whenever the output of comparator A is a positive voltage, the Q output
becomes a positive voltage, which is called a logic High.
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THE DISCHARGE TRANSIS

NPN Transistor

'he NPN transistor acts like a switch

It tums on and passes current between the emitter and the collector when a
positive voltage is present at the base.
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THE OUTPUT BUFFER

Output Buffer

The output buffer produces a high current voltage, which provides sufficient
output to power external circuitry. The output buffer receives its input from

the Q output of the RS flip-flop

The buffer's output voltage goes positive when the Q terminal of the RS flip-flop
IS a logic Low

The output of the buffer approaches 0 volts when a logic High is
produced at the Q output.

|
RS |
Flip-Flop Logic
- High 0 volts
Q
e — Output buffer
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PIN DESCRIPTION

PIN 1-Ground, The ground pin connects the[]_“zw\,./\,v\,,w\,__—

555 timer to the negative (0Ov) supply rail. 7 -

o [
PIN 2-Trigger, when < 1/, Vcc (‘active low') \/ \/L

this makes the output high (+Vcc). It Ot | [pene] 2
monitors the discharging of the timing | ] % | -
: ; ; Z Resel| 4 o s [
capacitor in an astable circuit. Er I
J

PIN 3-Output, The output pin can drive any TTL circuit and is
capable of sourcing or sinking up to 200mA of current at an output
voltage equal to approximately Vcc - 1.5V so small speakers, LEDs or
motors can be connected directly to the output.

PIN 4-Reset, when less than about 0.7V ('active low’') this makes the
output low (0V), overriding other inputs. When not required it
should be connected to +Vcc.
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PIN DESCRIPTION

PIN 5-Control Voltage, this can be used to
adjust the threshold voltage which is set
internally to be 2/, Vcc. Usually this function is

—

not required and the control input is Togge [ \. / '\ / o e
connected to OV with a 10nF capacitor to - (s RrY L
eliminate electrical noise. ouee B mi et
Drilw"m«:rIt o1 T
Reset[ 4} | T e
PIN 6-Threshold, when > 2/, Vcc ('active high') I:L NS P
7

this makes the output low (0V)*. It monitors
the charging of the timing capacitor in astable
and monostable circuits.

PIN 7-Discharge, The discharge pin is connected directly to the Collector
of an internal NPN transistor which is used to "discharge" the timing
capacitor to ground when the output at pin 3 switches "LOW".

PIN 8-Supply +Vcc, This is the power supply pin and for general purpose
TTL 555 timers is between 4.5V and 15V (18V Absolute Maximum).
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MODES OF OPERATION

The 555 Timer IC has three modes of operation:

MONOSTABLE: in this mode, the 555 functions as a "one-shot"
pulse generator. Applications include timers, bounce free switches,
touch switches, frequency divider and so on.

BISTABLE: the 555 can operate as a flip-flop, if the DIS pin is not
connected and no capacitor is used. Uses include bounce-free
latched switches.

ASTABLE, the free running mode: the 555 can operate as an
oscillator. Uses include LED and lamp flashers, pulse generation,
logic clocks, tone generation, security alarms, pulse position
modulation and so on. The 555 can be used as a simple ADC,
converting an analog value to a pulse length.
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Table 7.1: States of operation of IC 535
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Monostable Operation of Timer IC 555

Monostable multivibrator has one stable state and one quasi-stable state. It is
also known as monoshot or one-shof multivibrator or uni-vibrator. It remains in
its stable state until an input pulse triggers it into its quasi-stable state.
| : - - Itstays
in quasi-stable state for a time duration determined by an RC timing circuit.

The output returns to its original stable state automatically at the end of the
time and stays there until the next trigger pulse is applied.

monostable multivibrator cannot generate square-waves on its own like an
astable multivibrator, Only extemal trigger pulses will cause it to generate
the rectangular pulses.
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the standby mode, the control flip-flop FF holds Q; ON, thus clamping the
external timing capacitor C to ground. . =T
: 1 - The output (pin 3) during this time is
at ground potential, or LOW. The three 5k() internal resistors act as voltage
dividers providing bias voltages of (2/3)Vc and (1/3)Viq respectively. Since
these two voltages fix the necessary comparator threshold voltages, they aid

__indetermining the timing interval.

The lower comparator (LC) is biased at (1/3)V and it remains in the
standby state as long as the trigeer (pin 2) input is held above (1/3)V . When
triggered by anegative going pulse, the output of the lower comparator goes
HIGH setting the flip-flop FF with Q=1and Q =0. This turns the transistor
(); OFF, and the output goes HIGH (approximately equal to V). Since the
liming capacitor is now unclamped, the voltage across it now rises
exponentially through R towards V- with a time constant RC. After a period
of time, the capacitor voltage will equal (2/3)V¢¢ and the upper comparator
(UC) resets the internal flip-flop. This makes (J =1 and the transistor (J; is
ON. This in turn discharges the capacitor rapidly to ground potential. As a
consequence, the output now refiirnsdothestandby state or ground.
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Fig. 7.20  Monostable multivibrator (a) Functional diagram, (b) Connection
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The timing sequence of 555 monostable multivibrator is shown in
Fig. 7.20(c). The circuit triggers only on a negative going pulse, when the
level is less than (1/3)V . Once triggered, the output will remain HIGH until
the set time has elapsed, even if it is triggered again during this interval which
is indicated in Fig.7.20 (c). Since the external capacitor voltage charges
exponentially from 0 to (2/3)V, the voltage across the capacitor v, is given by

9,= Ve(1-711%¢) (7.31)
Attimet=T,

0. = (2 } B)VCC
Thatis, % Vee= Vel e

. 1 |
Therefore, T=-RC ln(g) =1.1RC (seconds) (7.32) ‘
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Figure 7.21 shows a graph of various combinations of R and C necessary
to produce a given time delay. Since the charging rate and comparato:
thresholds are both directly proportional to the supply voltage, the timin
interval given by Eq. (7.32) is independent of the supply voltage. |
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Fig. 7.22  Waveshaping circuit to avoid positive pulse triggering

To prevent mistriggering on positive pulse edges, an R;-C; combination
with a diode D can be connected between pin 2 and pin 8 as shown in Fig 7.22.
IThe value of Ry and C; should be such that R;C; is smaller than the required
puilse width. During the positive edge of the trigger pulse, the diode D gets

lorward-biased and it limits the amplitude of the positive spike to 0.7 V, which

18 less than (1/3)V,, to trigger the lower comparator LC ON.
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ample 7.7 mammmmmaﬁmmm
period of Ims. |

Solution

The period of pulseis = 1.1RC
Letting C=0.1 i,
{x10°=11x107R

Therefore,  R=82kQ
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ASTABLE OPERATION OF 555 TIMER

The functional dlagram of the IC 555 connected for astab e opetation s shown
inFig, 7.26. The device connection diagram with external components is shown
inFig, 7.27. Resistors R 4 and Ry form the timing resistors. The discharge (pin7)
terminalis connected to the junction of R  and Ry, Threshold (pin 6) and frigger
(pin 2) terminals are connected to the v, terminal, and confrol (pin 5) terminal
15 by-passed to ground through a 0.01uF capacitor
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Fig. 7.27 Connection diagram of astable multivibrator

-5 w1 + 1 T * = =2 -1
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When the power supply V' is connected to the crcuit, the capaditor ¢
charges towards Vo The charging rate is determined by the time constant
(R, + Rg)C. During this period, the oufyat pin {3} s high, since K= 5=1
and thus (=0, When the capacitor voltage reaches and rises ust above (2
3V theupper comparatortrigpers, and resets the fip-fop (FF . This makes
intemmal disharee transstor ), ON, resulting n the capacitor C discharging
towards ground fhrough the resistance Rp and () The time constant for
discharging is RC. Since current can also flow through Ry mio Q; the
resistance R, and R are to be made large enough to limi this current. A
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If t, is the time taken by the capacitor to charge from 0 to (1/3)V¢c, then
(1/3)Vec = Vee(d ~e =)
Therefore, t> = 0.405 RC
Then the time taken by the capacitor to charge from (1/3)Vec to
(2/3)Vc is given by
ton=ti— b2
= 1.098RC - 0.405 RC
=~ 0.693 RC
Thus, toy for the circuit is
ton = 0.693(R4 + Rp)C
where R, and Rp form the charging path. The output is in LOW level
during the period of discharging from (2/3)V¢c to (1/3)Vc and the voltage
across the capacitor in such a condition is ex ressed by
(1/3)Vee = @/3)Vece ™"
Hence, t =0.693 RC
Therefore, for the astable circuit,
topp e 0693RBC
where Ry forms the discharging path for the current.
Thus, total time T=Ton+ Topror T=0.693(Ry + 2Rp)C

1 1.45

bneatinte
e TerouRi 2Ry )
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Fig. 7 29 R, Rg and R¢ combinations for different frequencies

Figure 7.29 shows the various combinations of (R4 + 2Rp) and C
to obtain a stable output frequency. The duty cycle D of any ElllBG enera
circuit is 4 |

D=
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ﬁ#

D= Ema-——
T R, 2§

i can be noded ihat the lzier defimiion toes indo acoousi the time when
Q, = 0N stheTy: The resuling duy oyde e ks n 8%

Determine the frequ ency of oscﬂlatlon if the duty cycle :
D =20% and the ON period T; = 1ms.

=1

Solution
The duty cycle is D = Tov _ 100%
on +Torr
| 20 1x1073
Therefore, =

TOD T A T 7
Here the total period, T= Ty + Topg = Sn1s

Therefore, the frequency of oscillation, f= -;: =200 Hz.
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Design an astable multivibrator using 555 timer for a frequency
of 1 kHz and a duty cycle of 70% Assume C=0.1 uF -

ol n
The ON period Toay = 0.693(R4 + Ri)C;.

The total period T'is givenby T=Ton+ Topp=0.693(Ra+2Rp)Cy
Therefore, the duty cycle D is given by

bl 55 T 0.693(R, +Rp)C;  Rp+Ry
Ton +Tore T 0.693(R,+2Ry)C, R, +2Rg
Given D =0.7, we have
R,+Rg 7
R, +2Rp 10

D=

Therefore, R, = %RB

;I}'l? Eperiod of oscillatlon T = 0.693 < —1-39 Ry 107




RAMP GENERATOR

One of the applications of 555 1C timer operated in monostable multivibrator is to generate
a ramp waveform as shown in Fig. 6.19.

Charging a capacitor from a voltage source through a resistor produces exponential
waveform across the capacitor. However, charging a capacitor from a current source
through a resistor generates a ramp-type waveform.

+Vee ? T
Ae R,
— S
Ground |1 8 ® Y
- E
Trigger input 5] s 7 ®+\| i
1< ] 555 Timer
| monostable T Input trigger
3 multivibrator & @ R, DE?:ut pulse
+Vee[a) E:L ::C voltage | Ramp voltage
L |
I
T M
Cn
_— st

L] L ]
Ground

Fig.6.19 Ramp Generator Using 555 Timer IC in Monostable Multivibrator
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Vee = Ve
Charging current /. = (—“R—h)
E

r— -

2
JVee Re(Ry+ Ry)C

Time period 7 for the linear ramp =

- -

To generate a ramp waveform from monostable multivibrator, a resistor R is replaced
with a transistor (T), which functions as constant current source. Then, the capacitor volt-
age is the ramp waveform. When the capacitor voltage equals the threshold voltage level of

3 Ve, the capacitor discharges immediately to zero volts as shown in Fig. 6.19. The capac-

itor starts charging again only when another trigger pulse is applied at pin (2).
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Comparison of Multivibrator Circuits

Sr. No. Monostable multivibrator Astable multivibrator
1. It has only one stable state. There is no stable state.
2. Trigger is required for the operation, to Trigger is not required to change the state,
change the state. hence called free running.
3. Two components R and C are necessary Three components Ry, Rg and C are
with IC 555 to obtain the circuit. nacessary with IC 555 to obtain the circuit.
4. The pulse width is given by, The frequency is given by,
W = 1.1 RC seconds - 1.44 Hz
(Rp +2Rp)
5. The frequency of operation is controlled by | The frequency of operation is controlled by
frequency cf trigger pulses applied. Ra. Rg and C.
6. The applications are, timer, frequency The applications are square wave generator,

divider, pulse width modulation etc.

flasher, voltage controlled oscillator, FSK
generator efc.
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