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Oscillators

4.0 Relaxation (Square Wave) Oscillators

What you’ll learn in Module 4
Section 4.0 Introduction.

* Relaxation oscillators.
* Properties of square waves.

Section 4.1 BJT Astable Multivibrators.
» How BJT astables work.

Section 4.2 Op-amp Astables.

» Op-amp Astable operation.

Section 4.3 555 Astables.

* The 555 timer IC.
* The 555 Astable Operation.

Section 4.4 555 Astable Design.

» Designing 555 Astables.
* Duty cycle control.

Section 4.5 555 as a Monstable.

» Monstable operation.
» Timing for monostables.

Section 4.6 Pulse Width Modulation.

» Astables & monostables for PWM.
 Simple motor speed control.

Section 4.7 Square Wave Oscillator Quiz.

 Check your knowledge & understanding.

» Modifications to the basic op-amp astable.

Relaxation (Square Wave) Oscillators

There are a number of oscillator designs that predu
square waves at frequencies from less than 1Hz to
several GHz. Square waves are used to control the
timing of operations in digital systems, such axkl

generators for microprocessors. They also have many

uses in analogue circuits from simple lamp flashers
complex control systems as well as pulse width
control systems for audio and radio applications.

These different circuits go under a variety of name
such as:

Astable oscillators

This name comes from the fact that these oscilator
have no stable state; their output changes refdgated
from high to low and back to high.

Astable multivibrators

Some astables consist of more than one (e.g. two
oscillating amplifiers).

Aperiodic Oscillators

Because they are untuned oscillators.

Clock Oscillators

In digital applications the main function of these
oscillators is the production of square wave owgput
or pulse trains.

Square wave oscillators can also be used as tiefbasawtooth oscillators or sweep generators.
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Properties of Square Waves Period

Square waves may be perfectly symmetrical with thi &, 1:1 Mark to
height and width of both the mark and the spacege % Space ratio
equal, but this is not necessarily the case. Winere > [ | Mark | Space

mark and the space are of equal width (time), the '
waveform is said to have a mark to space ratiabf 1 Period Time
but in the lower waveform in Fig. 1 the mark isdwi o

the width of the space and so the mark to spateisat &8 2:1 Mark to
2:1. L Space ratio

The height (Voltage) of the mark does not neeceto b Time
equivalent to its width, provided that the voltagel Fig. 4.0.1 Mark to Space Ratio
timing of the waveform is known.

Waveforms of a rectangular rather than square steape Pulse
also be considered square waves. width

b B

Where the time of the mark is much shorter thahdha
the space however, the waveform is more properly
called a series of pulses or a pulse train as shioWwig.
4.0.2.

Pulse height (V)

L=

With pulses the frequency of the wave is more ugual 0.|5 1.0
referred to as the “Pulse repetition frequencyt.{p, Time (s)

which refers to the number of pulses occurringna o Fig. 4.0.2 Pulse Train

second rather than the more usual Hz or cycles per

second.

A square wave is a complex wave, meaning that enlhlk sine wave, which has only a single sine
component, it is made up of many sine wave compsnérhas a ‘fundamental’, a sine wave of the
same amplitude and frequency as the square wawg,ipla perfect square wave, an infinite
number of odd harmonics. This means that to prodymerfect square wave, the oscillator and any
circuits being fed by it, must have an infinitelyd& bandwidth, with constant gain over the whole
bandwidth. As this level of perfection is not preable, it is to be expected that some distortibn o
the square wave will be present. Figs 4.0.3, 45itidstrate some commonly encountered
distortions to square waves.

Rise and Fall Time

Fig. 4.0.3 shows a square wave in which the vertica :
edges are not vertical. The rise and fall in vatag 100% ? X
£
o
N

should be instantaneous but here there is a distinc q,so%
lengthening of the rise and fall times plus a c¢erta
amount of rounding of the waveform. This is typioéal
poor high frequency response in an oscillator or
amplifier circuit, the higher frequency harmonics a 10%
reduced or missing, also causing a ‘rounding’ ef th 0% = g
waveform. A similar effect, but without the roungin 1 Fal Ll
can be evident at higher frequencies in op ambkesta time time

due to slew rate limiting.

Amplitud
)

Fig. 4.0.3 Slow Rise & Fall Times
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Ringing

Fig. 4.0.4 lllustrates ‘Ringing’ following the vézal
transitions of the wave, this may be caused by the
presence of stray inductance and capacitance in the
circuit causing damped oscillations to begin atsom
high frequency, together with large high frequency
gain.

Overshoot

Fig. 4.0.5 illustrates ‘Overshoot’ where the risamg
falling edges of the wave continue above and befev
maximum amplitude of the wave. Overshoot is geheral
measured as a percentage of the total (normal)itaiglof
the wave. It may be caused by the presence of stray
inductance creating excessive high frequency gain.
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Fig. 4.0.5 Overshoot
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Oscillators — Module 4

4.1 BJT Astable Multivibrators
What you'll learn in Module 4.1 BJT Astable Multivibrators
After studying this section, you should be able to: o 45?\{

» Recognise BJT astable multivibrator circuits.

 Understand the operation of astable
multivibrators.

* Calculate the frequency of an astable
multivibrator.

TR1 TR2

» Understand methods for varying the frequency 2N3904

and mark to space ratio of the output wave.

G

)
M OV

Fig. 4.1.1 Basic BJT Astable Multivibrator

The basic bipolar transistor (BJT) version of aialale multivibrator as shown in Fig. 4.1.1 has two
outputs that repeatedly change state at a ratendet by the time constants of its feedback
network. Although largely superseded by its eq@mtaibp amp or timer IC versions in many
applications, it is still a useful and flexible dgsfor
square wave and pulse generation.

The circuit switches continuously from one statR{T Output 1

on and TR2 off) to the other (TR1 off and TR2 onfla
back again at a rate determined by the RC timing / / [
components CI/R2 and C2/R3. The circuit produces il —_

two anti-phase square wave signals, with an angait 70
almost equal to its supply voltage, at its two $iator / /
collectors as shown in Fig 4.1.2. -

Output 2
Astable Operation

Suppose that at switch on, TR1 is conducting hgavil
and TR2 is turned off. The collector of TR1 will be
almost at zero volts as will the left hand plateCat
Beause TR2 is turned off at this time, its colleetd! be at supply voltage and its base will be at
almost zero potential, the same as TR1 collectwabse C1 is still un-charged and its two plates
are at the same potential.

Fig. 4.1.2 Antiphase Outputs

C1 now begins to charge via R2 and its right
hand plate becomes increasingly positive until i
reaches a voltage of about +0.6V. As this plate

L TR1c
the capacitor is also connected to the base of
TR2, this transistor will begin to conduct heavily
The rapidly increasing collector current through _,
TR2 now causes a voltage drop across R4, anc  ov -~

TR2 collector voltage falls, causing the right
hand plate of C2 to fall rapidly in potential. -8.4V

Fig. 4.1.3 Switching Action (on TR1)
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It is the nature of a capacitor that when the \g@tan one plate changes rapidly, the other plate al
undergoes a similar rapid change, therefore asghehand plate of C2 falls rapidly from supply
voltage to almost zero, the left hand plate mustrfavoltage by a similar amount.

With TR1 conducting, its base would have been aBbd@N, so as TR2 conducts TR1 base falls to
0.6 -9V = -8.4V, a negative voltage almost equal @pposite to that of the +9V supply voltage.

This rapidly turns off TR1 causing a rapid riseténcollector voltage. Becausesadden voltage
change on one plate of a capacitor causes the ititerto change by a similar amount, this sudden
rise at TR1 collector is transmitted via C1 to Th&e causing TR2 to rapidly turn on as TR1 turns
off. A change of state has occurred at both outputs

This new state does not last however. C2 now bdginkarge via R3, and once the voltage on the
left hand plate (TR1 base) reaches about +0.6\Vhanoapid change of state takes place. This
switching action produces the collector and basesteams shown in Fig. 4.1.3.

The circuit keeps on changing state in this mapneducing a square wave at each collector. The
frequency of oscillation can be calculated, agitne for the relevant capacitor to charge
sufficiently for a change of state to take plac#, e approximately 0.7CR and, as two changes of
state occur in each cycle the periodic time T &l

T = 1.4(CIR2+C2R3)

If C1 = C2 and R2 = R3 the mark to space ratio balll:1and in this case the frequency of
oscillation will be:

- ]
1= 1.4CR

Example

What is the frequency of an astable multivibratomark/space ratio 1:1 using timing components
of C=100nF and R=33K?

1

/= Tacr :

=1.4 x 100exp® x 33exp’

=216Hz
Improving Rise Times
0

A problem with the basic astable circuit is thag th  R1 R2| | RS
capacitor action described above slows down the  ¥?| | 2| |33

D1

rise in voltage as each transistor turns off, 1N4148

) L out 1| Y out 2
producing the curved rising edges to the square © O
wave as can be seen in Fig. 4.1.2. This can be
overcome by the modified circuit shown in Fig. ( )
4.1.4 2N3904 2N3504

Each time TR2 collector voltage goes high as the . o
transistor turns off, D2 becomes reverse biased, T ov

isolating TR2 from the effect of C2 charging. Fig. ff)}ll-:q;f;\r/ stg‘ig'ee_m‘:ﬁed

OSCILLATORS MODULE 04.PDF 5 O E. COATES 2007-2013



www.learnabout-electronics.org Oscillators Module 4

The charging current for C2 is now supplied by R&iead of R6. The action of TR1 during its ‘off’
period is similar.

The output waveforms at the collectors of TR1 aR® Ehown in
Fig. 4.1.5 demonstrate the improved rise timeseag by the
modified circuit of Fig. 4.1.4, compared with thdee the basic
BJT astable circuit shown in Fig. 4.1.2.

_ Fig. 4.1.5 Astable Output Showing
Variable Frequency Astable Improved Rise Time

It is useful to be able to vary the frequency oémgpion, — Frequency
and this may be done as shown in Fig.4.1.6.

By varying VR1 the voltage at the top of both R8 &% is
varied so that whatever mark to space ratio is,useg the
frequency alters, whilst the mark to space ratio is
maintained.

2N3904

mn 0\}_‘
Fig. 4.1.6 Variable Frequency BJT Astable

Mark:Space

1 8]
VR1 +9V
10K

Variable Mark to space Ratio R1 [

Fig. 4.1.7 shows how by using a potentiometer atste
of a variable resistor, an astable with a degree of 5
variable mark to space ratio can be achieved. R

—{
Qutput 2

O
mr o
Fig. 4.1.7 Variable Mark to Space Ratio Astable

OSCILLATORS MODULE 04.PDF 6 O E. COATES 2007-2013



www.learnabout-electronics.org Oscillators Module 4

Oscillators — Module 4

4.2 Op-amp Astables
What you'll learn in Module 4.2 How Op Amp Astables Work
After studying this section, you should be able to: Astables can be constructed around op amps
and may use fewer components than the BJT
+ Understand the operation of astable oscillators designs described @scillators Module 4.1
using op-amps. Op amp designs are very useful, especially at
» Describe the limitations due to Slew Rate. low frequencies; aF higher frequencies
however, unless high-speed op amps are used
* Calculate the irequency of anop-amp astable. a problem occurs, as many standard (and older
« Describe methods for changing the frequency and design) op amps are not able to handle the
mark to space ratio of op-amp astables. very fast voltage transitions required for good

square wave shape, due to slew rate limiting.

Theslew rateof an op amp is measured inug/(Volts per microsecond), and the output voltage o
an astable must be able to change very rapidlyrbgs the full amount of the supply voltage as
the output switches from low to high or back tdaw level. However, a typical slew rate for many
popular op amps may be around 04s8/and such an op-amp would therefore would takes 36

the output voltage to change by the 18V betweente9%9v on a standard dual supply.

100Hz 360 5kHz
Fig. 4.2.1 shows this may not be a problem in a ri

@
3w
@

s
rise time
— — -—

low frequency astable; for example theu8@ising

edges and falling edge would occupy32just

0.72% of the 10ms periodic time of a 100Hz

square wave. However in a 5kHz square wave,

having a periodic time of only 208 the slopes of -

—— -

the rising and falling edges would occupy 36% of T =10ms T=200ps
the whole cycle of the wave.

Fig. 4.2.1 The Effect of Slew Rate on Square Waves

Reducing the supply voltage would help overcome

this problem to some extent, but a better solusdn use a high-speed op amp, which will have
slew rate in excess of 10M4. A number of op amps fit this specification anthe may also

operate from a single power supply of 3V or lessingcomparatorswhich have a much faster
response time (the term ‘slew-rate’ is not reafiplecable to comparators) than standard op-amps is
also a good option for higher frequency designs.

O
+3V
Fig. 4.2.2 shows a basic astable circuit usih®i&24 operating
from a single +9V supply, and suitable for genagsquare wave R1 RS 33K
or pulse signals up to a frequency of about 2kHhe dperation of 100K 2\4_%'{‘
the circuit relies on repeatedly charging and disgimg C1 from - 1 -
the output of the op amp via R5; these two comptierefore - o1 out
set the operating frequency of the oscillator. i Pl LA
R2 | —
Hwor(__ L
R1, R2 and R3 control the maximum and minimum \itthat Toone  1he
C1 charge attains during a cycle of oscillatiord #re purpose of oV
R4 is to force the class B output of the LM324 iol@ss A to mn ©
avoid any crossover distortion in the output wauefas Fig. 4.2.2 Basic Op-amp Astable

described irDscillators Module 3.4
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Astable Circuit Operation

Assuming the output (pin 1 of IC1) of the LM324 in ey g Oue +9V

Fig. 4.2.2 is at the supply voltage of (+9V), R2, R 1 R3 _1

and R3 can be considered to be connected as shov 100k 100K 100K

Fig. 4.2.3a where R1 and R3 are connected in para sv av

and therefore have an effective resistance of: R2 R2 -
100K 100K 100K

100KQ/2 = 50KQ ,Output
oy oy

a b

As this parallel resistance of 5forms a potential
divider with R2(100KQ2) and with a supply of +9V the +av
voltage at the centre point of the divider willd8 of 57 T~ —T~_
9V = 6V. While the output is hig&1 will be charging ov c \v (pin 2)
at a rate determined by Réwards +9V. “

/Output (pin 1)

Fig. 4.2.3 Astable Circuit Operation
Once the capacitor (also connected to pin 2 of IC1)
reaches a voltage of 6V however, it will exceedwbiage on pin 3, and the amplifier, due to its
high gain, will act as a comparator and its outpilltimmediately change to OV.

The output end of R3 is therefore now connecteiMo
creating the condition illustrated in Fig. 4.2.3he
potential on pin 2 of IC1 is now 3V and the capacit
will be discharging via R5 towards the new output
potential of OV. On discharging past 3V howeven, pi
of IC1 becomes less than pin 3 and the amplifigpwuu
returns to +9V, completing one whole cycle. —— E—

+6V
Pin 2
The action repeats, generating a square wave dt @in /\/\ 'l

3V
about 8Vpp and a 3Vpp triangular wave at pin zhef t
op amp. The actual waveforms produced by this ttirct
are shown in Fig. 4.2.4.

Both waveforms 2V/div

_ o Fig. 4.2.4 Astable Circuit Waveforms
With the component values shown in Fig. 4.2.2 the

circuit oscillates at a frequency slightly abov®B@. The formula relating the frequency of
oscillation, to the values of R5 and C1, allowingthe partial charge and discharge of C1 is
therefore:

1
f A < RC

or

1
/" 1386xRC

Note: The natural log (In) of 2 is often shown a& rather than 1.386

This formula for frequency only remains reasonalagurate however while the rise and fall times
of the wave are much shorter than the periodic tbifrtbe wave giving virtually vetrtical rising an
falling edges to the square wave. Therefore thanebe an increasing discrepancy between the
calculated and actual frequency of the oscillatdrigher frequencies as any limitations of sleve rat
increase.

OSCILLATORS MODULE 04.PDF 8 O E. COATES 2007-2013



www.learnabout-electronics.org 0

Frequency +3V
R1 VR1 R4 29K
Modifications to the Basic Astable 100K 101“ L — 4
2| i\
Variable Frequency >1——D
In Fig. 4.2.5, R5 has been replaced with a 100Katzée 3 :/'1’1/ IC1 out
resistor to make the frequency of oscillation ValéaThe rrL LM324
choice of value for VR1 depends on the frequenngea R2
required. An additional fixed resistor could be edidh series 100K | —
with VR1 if required to limit the minimum resistaac c1 R3
100nF 100K
[
Low Frequency LED Flasher ﬂh )
) ) Fig. 4.2.5 Variable Frequency
Fig. 4.2.6 shows a low frequency square wave asoill Op-Amp Astable
suitable for driving flashing LEDs. The output bét +9V
LM324 is easily capable of providing sufficient camt O
to drive LEDs and this arrangement will source abou Frequency D1WA
10mA to drive D2 when the output is high, and witik R1 B/vm n 2K 2N
(conduct to ground) the same amount of current wher| 100K |/ 100K L — RS
the output is low, to drive D1 from the supply. The o ey 1 680R
frequency may be fixed, using a 33K fixed resist®in - TN
Fig. 4.2.2, or variable using a variable resistoiraFig. >7
4.2.6. At low frequencies, a much higher valueGaris 3 tr“ 11 e
required and therefore an electrolytic capacitarsisd. g n'L LM324 Ré
Careful attention must be given to correct polanihen R2 — 680R
constructing the circuit, and to avoid sudden capac R
failure, a component should be chosen that has a €1 ook P2 ¥
working voltage higher than the supply voltage. 2.2pF
However as electrolytic capacitors do not work ectly T : mf'
as capacitors at less than 10% of their rated ge]ttne Fig. 4.2.6 Low Frequency
working voltage should ideally not be more than 10 " LED Elasher
times the supply voltage. )
Mark:Space oV
Varying the Mark to space Ratio mato 1N4148
Fig. 4.2.7 illustrates a method of generating \meavidth R ATATIC
pulses without affecting the frequency. In thigait a mark to R1
space ratio control (VR1) and two opposing poladitydes D1 100K o
and D2 form the resistive part of the CR time canstWith 2/ Ré22K
VR1 wiper at a central position, a 1:1 mark to gpatio is _ —0
obtained. When IC1 pin 1 is high, D2 conducts maitre 0% A Out
lower half of VR1 the active resistor in the CR ¢ionstant. !Tanaz-a
When IC1 pin 1 is low, D1 conducts and the uppetipo of R2 —
VR1 is used in th€R time constantvarying VR1wiper will Hmm«:: c1 R3
provide differing values of resistance during tineand off 100nF 100K
periods of the waveform, effectively providing @ttpositive el
mr

going or negative going 9Vpp pulses at the outipat tan be _ _
used for many purposes including PWM (pulse width Fig. 4.2.6 \F/{ar!atle Mg‘lrk to Space
modulation) for lighting or motor control. atio Astable
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Oscillators — Module 4

4.3 555 Astables
What you'll leam in Module 4.3 Astable Oscillators Using the 555 Timer
After studying this section, you should be able to: A popular way of implementing an astable
_ _ _ square wave oscillator is to use the 555
» Understand the basic operation of a 555 timer. Timer IC. This is one of the most

* Understand the operation of a 555 timer in astable mode. commo_nly available Timer ICs and_ has
many different uses. As well as being used

* Understand time constants in a 555 timer. to construct astable oscillators, it can also
be used imonostable modehere an

input pulse is used to trigger a time delay
set by an RC time constant, during which the oupuigoes to a high level (+Vcc) and then
returns to OV to await a further trigger pulsetat IC input pin.

« Calculate the frequency of a 555 timer in astable mode.

The 555 T-|m-er IC | | Res 4[] 5 ctrl
The 555 in its astable configuration can k Out 3[ | | ] 6 Thresh
used to generate a square wave signal w Trig 2L ]7 Disch
a number of variations: end1l] .~ |8*Vee
 Square wave with even or uneven mark to g 5 4
space ratio +Vee ctri Res
* Pulse train _l
» Pulse width modulation Ra
5K| Comparator
« Pulse position modulation ~1 Bistable
, 70 R
°F dulat
requency modulation Disch 1 + R Q
The internal component parts of the 555 Rb
Timer IC together with the IC pin out are 5K — - s Q
illustrated in Fig. 4.3.1, the function of the eC- 1
pins are as follows: Thresh r *
. . Rc |Comparator
Pin 1. Gnd = Ground connection. =
- I . 5K
Pin 2. Trig = Trigger (active low). by Inverter
This active low pin (indicated by the N
. . . 20> 3
horizontal bar above its name) is normall __=< out
high (at +Vcc) but when it is momentarily 1719 ' Disch Transist
taken low (below 1/3 Vcc) it initiates a A oiscnarge fransistor

sequence of internal events that make th 1 Gnd

output (pin 3) go high for a period of time Fig. 4.3.1 The 555 Timer IC
set by the value of an external RC time

constant.

Pin 3. Out = Output.

The output goes high (to +Vcc) during a time conispeeriod then returns to OV. When the IC is
operated in astable mode two time constants amvies, one governing the high, and one the low
condition. The output is capable of sinking andrsimg up to 200mA, which makes it capable of
driving a number of commonly used devices suchE3d, relays, lamps and small motors without
the need for external driver stages.
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Pin 4. Res = Reset (active low).

Normally high but when taken low makes the Q outguhe internal bi-stable to reset to its low
state, and Q (the inverse of Q) goes to its higtesiThis immediately makes the output (pin 3) OV
and also causes the Discharge transistor to digehihe external time constant capacitor. If the
Reset pin is taken high again the output stayssireset (0V) condition until the IC is triggered
once more by an input trigger pulse at pin 2. touwts where reset is not required it is normally
connected directly to +Vcc. The reset pin can bAklsaised as an ‘Inhibit’ control. For example it
can be used to prevent the action of an astablkadscdriving a buzzer, until such time as its
signal is needed.

Pin 5. Ctrl = Control.

Pin 5 allows for the application of a variable agi to control the length of time of tRE€ time
constantand so can be used to vary the frequency antkéamark to space ratio used in generating
the output wave. The higher the voltage on therobptn, the longer the periodic time and the
lower the frequency of the astable. This enabled@hto be used for such purposes as frequency
modulation, by altering the frequency generatethbys55 in astable mode in response to a
changing voltage or low frequency signal applieth#control pin.

With an astable producing an uneveark to space ratif.e. pulses) the control pin can also be
used to vary the mark to space ratio and so propulse width modulation (PWM). Alternatively,
if the output of the 555 in astable mode is a sesfevery narrow negative going pulses, then
applying a modulating signal to the control inpabhde made to vary the high period between the
pulses, effectively producing pulse position motata

The control pin can also be used with the 55&anostable modt vary the time of the generated
delay. When the control pin is not being usedifoirig control, it is not connected to any external
voltage, so to prevent amxternal noisérom entering pin 5 it is decoupled, typically ngia
capacitor of around 100nF . As pin 5 is conneatéernally to the junction between Ra and Rb, the
voltage on pin 5 when not in active use will be\&I8.

Pin 6. Thresh = Threshold

In astable mode pin 6 is connected externally ¢oRE time constant charging capacitor, and so as
the capacitor charges, the voltage on pin 6 ineseakhis causes the voltage on the non-inverting
input toComparator, to rise until it reaches the threshold leve2(3#Vcc set by the inverting input
of Comparator 1 being connected to the junctiomwbenh Ra and Rb. Once the voltage on pin 6
reaches 2/3Vcc, Comparator 1 output suddenly clsastgée and initiates a sequence of events that
causes the external time constant capacitor tontskgcharging.

Pin 7. Disch = Discharge

Pin 7 is connected to the collector of the dischdrgnsistor, and once the threshold pin has tdippe
Comparator 1 at the end of the charging periodhferexternal timing capacitor, the discharge
transistor conducts, causing the discharge ped@dtmence. During this period the output (pin 3)
will be held low until the capacitor has discharged/3Vcc when, in astable mode, the Discharge
Transistor will turn off and the charging periodlwstart again. In monostable mode however, the
capacitor will be discharged completely to OV tcagtvanother trigger pulse at pin 2.

Pin 8. +Vcc = Positive supply voltage

The 555 is available in a number of variant formduding BJT and CMOS types. Depending on
type they can operate from positive supplies rapfiom 0.9V to 18V with a current requirement
ranging from less than p@ to 10mA for the chip itself. This current requitent must be added to
the current needs of any output device, which bellsupplied by the output of the 555 when it is in
high mode. This load current can be anything upo@mA depending on the load.
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The 555 Astable Oscillator

As shown in Fig 4.3.2 a basic astable requires 2
only two resistors and two capacitors (not e 5 111_1 4
including the external load). +vee ctri’’'” | Res

:|R1 l —r

The RC time constant that determines the pulse {
width and frequency is made up of C1 R1 and F
Pins 6 and 2 are connected together, pin 4 is T
connected directly to supply as reset is not bein ——={7
used, and the control input on pin 3 is decouple [ ] pisch
with a 100nF capacitor. HR

—- s
. — |
To produce a square wave output, with a mark 1 6 >I

space ratio approaching 1:1, R2 should be a my | Thresh

higher value than R1. The reason for this is in tt T 3
way that the 555 works. ] ( EI ) D out
2‘ [

@

o

.

Astable operation L g R
When power is initially applied to pin 8, capacitc T"“ 17 ona Hoad
C1 has no charge and so pin 2, the trigger inpuf™ an

active at OV and C1 begins to charge towards the
supply voltage (Vcc) via R1 and R2. As C1 is also
connected to pin 6, the voltage on the non-
inverting (+) input of comparator 1 also increaseshis condition the output (pin3) will be at Vcc
and able to act as a source of current to any lafaay to 200mA.

Fig. 4.3.2 The 555 Astable

The inverting (-) input of comparator 1 is connedie the resistor chain Ra, Rb and Rc, which are
connected between Vcc and 0V. Since all threetmgsibave the same value (5K) the voltage on
the inverting input will be 2/3Vcc.

So long as the voltage on the non-inverting ingutoonparator 1 is lower than that on its inverting
input, its output will be low (at approximately Q\jut as soon as C1 charges up to 2/3Vcc the
comparator will change to its high level (Vcc). $iputs a high level on the R (Reset) input of the
bistable.

When the R input of the bistable goes high the @uius reset to zero, and as the (not Q) output is
always in the opposite state to the Q output, @ogoes high. This has the effect of causing the
discharge transistor to conduct heavily and digghéne capacitor C1 via R2. The high voltage on
the output of the bistable is also fed to the iterewhich changes this level to a ‘low’ of
approximately OV at the output.

The output of the inverter now allows the outputsiok’ up to 200mA.

Once the C1 begins to discharge however, the oofpramparator 1 will return to a low level, but
this doesn’t matter as the bi-stable will ‘rememitiee very short high pulse delivered to its R ihpu
by comparator 1 and will remain in its ‘reset’ stantil it receives a similar ‘set’ pulse at its S
input.

Notice that when C1 charged, it did so via bothaRd R2, but it now discharges through R2 only.
It is for this reason that R1 is made much smdflan R2. If both resistors were equal in value the
discharge time (when the output is low) would bk tiee charge time (when the output is high). By
having a ratio of about 100:1 for the values ofRRR2the mark to space ratio can be made very
nearly (but not quite) 1:1.

OSCILLATORS MODULE 04.PDF 12 O E. COATES 2007-2013



www.learnabout-electronics.org Oscillators Module 4

The falling voltage across C1 is connected to theinverting (+) input of comparator 2 so once
this voltage falls below that on the invertingit{put, which it will do at a level of 1/3Vcc, aseth
inverting input is fed from the top of the lowessistor Rc in the potential divider resistance ichai
the output of comparator 2 will go to its high (Ydéevel. This is fed to the S input of the bi-st&bl
causing the Q and Q output to swap their high andstates, making the output low once more,
switching off the discharge transistor and, viaithesrter, making the output (pin 3) high.

That completes one whole cycle of the output squanee, and C1 now begins to charge once more
towards 2/3Vcc and the cycles repeat as long agipevapplied.

Time Constants and the 555
The relationship between the output wave — — +Vee
and the charging and discharging of C1 is
illustrated in Fig. 4.3.3. Pin 3

Output
The charge time is dependent on the time — _ Vv
constant (R1 +R2)C1 and the discharge #Vee
time is dependent on the time constant
R2C1 so the discharge time will always be . Zsvee

shorter than the charge time. However wh ¢ g o ' - 1/3Vee
R2 is much greater than R1 the charge an
discharge tmes are nearly equal, and for tl
purpose of calculating the frequency of
oscillation R1 may be ignoired, so the Fig. 4.3.3 Astable Output & Charging Waveforms
period of one cycle is simply the two

periods added together.

c1 ¢l ¢l ov

Charges Discharges Charges

There is another complication however, the 104 Vee
time of the charge or discharge period is noi
simply the time constant CR because the 9- RisR oot
capacitor is not being allowed to fully charge T=CR=50ms ©°R
or discharge, only the central 1/3 of the full ~
charge or discharge is being used, so in 74 o
calculating the periodic time of the waveforn &1 charging 587V = 2i3vee
a constant must be used to modify the norm - towards 10V
T = CR time constant formula. = 5 in8xc8,”

2 54
Fig. 4.3.4 illustrates how the time constant = s Discharge
formula is modified to make it suitable for ’ 33V = 173 Vee DL
calculating the periodic times relating 3+ ' '
specifically to the 555 astable. Charge period between

2 1/3 & 2/3 Vee = 55 - 20 = 35ms (approx)

In this example C1 is 50nF and it charges vi :gﬁ =07
R1 and R2, which have a combined series 1 Therefore charge period = 0.7CR
resistance of 1I2. Therefore the normaltime
constant (T = CR) is50ms and withasupph 5 4o 2 3 4 s & 70 s 90
voltage (Vcc) of 10V, C1 will charge to 3.3V Time (ms)

(1/3Vvcce) in 20ms and reach 6.67V (2/3Vcc)

after 55ms (35ms later). Fig. 4.3.4 The Charge Period of C1

The voltage across C1 would continue to rise to &@¥%¥r 5 time constants, except that at 2/3Vcc
comparator 1 will switch on (see Fig. 4.3.3) andv@ilL begin its discharge period. C1 has therefore
charged for only thirty five fiftieths (35/50) orDof the time constant.
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Calculating the Frequency of a 555 Astable
The charge period as C1 chargesvia R1 andR2 may be calculated as:

Charge (high output) period:

(tc) = 0.7x(R1+R2)xC1

Because R1 does not play a part in the discharge period thiswould be calculated as:
Discharge (low output) period:

tp = 0.7xR2xC1

The periodic time of the whole wave (T) will therefore be:
T = Charge period:t+ Discharge periocht

SO

T = (0.7x(R1+R2)xC1) + (0.7xR2xC1)

Therefore

T =0.7 (R1+2R2) C1

As frequency (f)= 1/T the formula for the frequerfya 555 astable can be written as:
_ 1
fﬂsc - 0.7(R1 + 2R2)C1
And as 1/0.7 = 1.4 the formula for the frequencg 855 astable can also be written as:

7 - 1.4
o (R1+2R2)C1
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Oscillators — Module 4
4.4 Designing 555 Astables

What you'll leamn in Module 4.4 J=1kHz Mark:space = 2:1
After studying this section, you should be able to:

« Calculate values of R and C to give an astable of a
required frequency.

 Understand methods for varying the duty cycle.

-
 Understand methods for reducing the effects of noise. T=1ms
Fig. 4.4.1 Design a 555 Astable
Designing 555 Astable Oscillators to Produce This Wave

If an oscillator of a particular frequency and marlspace ratio is required, (see Fig. 4.4.1) the
method would be to calculate periodic time fromtbguired frequency and the discharge time and
charge time using the formulae fgrand t described irDscillators Module 4.3To do this, some
component details will be needed.

Starting with C1, a suitable value can be assumged the diagram in Fig. 4.4.2, which shows that
for an astable having a frequency of 1kHz, ands@fperiodic time of 1ms, capacitors of 1nF to
1uF would suffice, depending on which of the totaiseances (indicated by the red lines) was
chosen.

Manufacturers specify the maximum total resistaheé -
may be used with their particular variant of th& 5&nd Total resistance R1+R2
these maximum values are usually around 10 to20M  1our
however using such high values can increase toe err
between calculated and actual frequencies, so &orym
uses a 1M maximum can be recommended. The
minimum total resistance value for the combinatbR1
and R2 depends largely on the value of R1. Thetijpmc 10nF,
of R1/R2 is connected to pin 6 and to the triggeut pin

2. If the value of R1 is less than about(l,Khere is a ous T00ps Tms Toms T00ms 15 105 100s
danger that the trigger input may not be able realchv _ ~ PerodicTimeT

enough voltage to trigger comparator 1, and so Fig. 4.4.2 Finding Suitable Values for C1
oscillations cannot take place.

100KQ  1MQO

10KQ

1uF

100nF

Capacitance C1

ForT=1ms

and C1 chosen as 10nF
Total Resistance R1+R2
should be around 100K

From this it can be assumed that if R1 must b@ biKabove and R1 + R2 should be kept below
1MQ; a 10nF capacitor would allow a suitable totalstesice of around 100Kto be calculated.
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Example

To design a 555 astable with a frequency of 1kHizan a
mark to space ratio of 2:1 +Vee=0y

ATK RES Voo

Charge timeg = 2/3T = 667s Disch

Periodic time T = 1/f = 1/1000 = 1ms R1 H

R2

47K

Discharge timeg = 1/3T = 333s
|:| 555 3 Out

Assuming (from Fig. 4.4.1) a 10nF capacitor willus=d,
which discharges via R2 only: Threshig

tb=0.7xR2x C1 TRIGL_1 5

Gnd Ctrl

Re-arranging the formula to find R2 gives: c1 oS
10nF

ty 333exp® v

0.7xCl 0.7 x 10exp” Fig. 4.4.3 555 Circuiit for 1kHz
2:1 Mark to Space Ratio

R2=

=47.6KL2

During the charge time C1 charges via R1 + R2,
therefore:

tc = 0.7 x (R1+R2)x C1

Rearranging the formula to find (R1+R2) gives:

t - A4
(R1+R2) = c 66T7exp :
0.7xC1 0.7x 10exp
=953K0Q

As R1 = (R1+R2) - R2 then:
R1=95.3K) — 47.6KQ2 =47.7KQ

Fig. 4.4.4 Output 1kHz
2:1 Mark to Space Ratio

Choosing the nearest preferred values for R1 and R2
gives the value 47& for both resistors.

To check that two 478 will give the required frequency of 1kHz, simplypdy the frequency
formula for a 555 astable using the calculatedeslu

PR VI
o~ (R1+2R2)C1
) 1.4
 (47exp’ + 94exp’) x 10exp”®

S

= 993Hz (approx 1kHz)
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Mark to Space Ratio

The basic 555 astable design described above wedsting resistors when producing square
waves. In timing the high (charging) period theitigricapacitor (C1 in Fig. 4.4.3) is charged via R1
and R2, but only R2 is used whilst discharging C1.

In this basic configuration, the resistance usedifaing the high period must always be greater
than that used during the low period. The highquedf the wave must therefore always be longer
than the low period. It follows that the basic vensof the 555 astable produces square waves than
can be nearly, but never quite 1:1 mark space sgt@re waves.

Duty Cycle
The mark to space ratio of a square wave or pudsdiator is 1:1 Mark to Space Ratio
often referred to as the Duty Cycle. This is a maeful term Duty cycle 50%

when the purpose of an output wave is to drive sdewice
such as a motor. It gives a more useful compatisdne power bc
supplied to the motor than describing the markptace ratio of -

the output. Changing the duty cycle changes theageeDC Negative going pulses
voltage or DC current level of the output, as shiwhig. 4.4.5 Duty cycle >50%
and hence the power supplied to control the spédteonotor. DC 4 -
This is also important in driving output deviceslsas lamps, |_ J

heaters and many others. Positive Gc;ing Puises

The Duty Cycle is a term that describes the peaggnof each D ”W_ cyc!e {5_0%
cycle taken up by the active or high period. Faregle a [ -I
square wave with a mark to space ratio of 1.1 hdgtyacycle DC

of 50% so the high period takes up 50% of the foaiod. In Fig. 4.4.5 The Effect of Duty
the waveform illustrating negative going pulse§ig. 7 the Cycle on DC Level
duty cycle may be about 80% while in the positieeng pulse

waveform, the duty cycle may be around 20%.

= 1=

50% Duty Cycle Astable

Although the basic form of the 555 astable is ledito Vol

producing an output with a duty cycle that is alsvgyeater

than 50%, one of the great benefits of using tHetbber as IC1 NE555

an astable oscillator is the ease with which theudi can be {slctri  Res|d}

modified to produce a much wider range of duty eycl L{efhresh outs}— O
[7lpisch Trig |2} Out

Where a completely symmetrical output wave (50% dut 18] Ve Gndfii— R3

cycle) is required, an alternative method is tothsgecircuit W

shown in Fig. 8. In this configuration, shown usthg pin- Te2 o

out of the actual 555 IC, the timing capacitortil s 100nF T 1onF

connected to pins 2 and 6 as in the basic astablatcbut a o

single timing resistor is now connected to the atjtpin 3. Fig. 4.4.6 One to One

Operation Mark to Spape Ratio

During the high period of the waveform C1 chargesifthe

high output via R1 until the voltage at pin 6 reexR/3Vcc and triggers comparator 1. The output
now goes low and C1 discharges via R1 until théage at pin 2 falls to 1/3Vcc when comparator 2
triggers and starts a new charging period. As onkyresistor is used for charge and discharge in
Fig. 4.4.6 both charge and discharge times areidemtical at 0.7CR, which gives a simplified
formula for the approximate frequency of oscillatio

1 1.4

or

fmTacR Y ISR

OSCILLATORS MODULE 04.PDF 17 O E. COATES 2007-2013




www.learnabout-electronics.org Oscillators Module 4

There are however, some drawbacks to this sol@ioabtaining a 50% duty cycle. Surprisingly

the circuit may not always produce a 50% duty cyOlee reason for this is that the design assumes
that the output of the 555 changes between 0V aag but in practice the actual output voltage
depends to some extent on the load placed on tpetolt is common for example, that in a 555
with a 9V supply the output may change between 0¥ jast a little over 8V, and with different

load resistances, this difference between Vcc ampub voltage may again vary.

The trigger points at which the 555 IC switcheit$put are a fixed proportion of Vcc because
they are supplied from the three internal residbetsveen +Vcc and 0V, but the rate at which the
timing capacitor in this design charges now depgenaison Vcc as in the basic design, but on the
output voltage. Therefore differences in timing oacur because the voltages at the output pin 3
and at Vcc are not the same, this can affect thatirequency and mark to space ratio. However
performance can be improved in a number of waysake a number of useful circuits.

The 555 Control Input

Pin 5 of the 555 is the Control (Ctrl) pin, whighmany applications serves only to decouple the
inverting input of comparator 1 inside the IC tey#nt noise causing incorrect triggering of the
circuit. However, this pin can also function assaful input, allowing the control of the frequency
and duty cycle when the 555 is used in astable mode

The control input is also connected to the resisain in the IC that controls the 2/3 and 1/3Vcc
trigger points of the circuit. Therefore by extdlyapplying a DC voltage to pin 5, the internally
set trigger points can be altered to lengthen orteh the charge and discharge periods of the
generated wave. Measuring the voltage on pin 5 dvoatmally show a voltage of 2/3Vcc, and
applying a higher voltage than this would increthsetime of the charge period as the timing
capacitor has to now reach this higher voltagereefomparator 1 triggers. Therefore the higher
the voltage on pin 5 the longer the charge penmtithe lower the frequency of the wave. Reducing
the voltage on pin 5 below its normal 2/3Vcc wdluse the charge period to shorten and the
frequency to increase.

Pin 5 therefore provides a method of changing bguency of oscillation by applying a DC
voltage, and since pin 5 can still be effectivedgaupled by quite a large value of decoupling
capacitor, the potentiometer for controlling theginency can be located some distance from the
oscillator without the problem of introducing noisethe circuit.

Varying the Duty Cycle 4 Fvee
R1 R3
Fig. 4.4.7 shows how simple control over the duty  47K| | “’KH
cycle can be implemented in the basic 555 astable
circuit by the use of the control input. A potentieter vril ]
VR1 is used to apply a variable voltage to pinlse T 4« o Resfa
limits of variation is set by R1 and R2 so that the T ’_‘,;;'i‘;s:"%‘“zl_ﬁf
control voltage is not allowed to swing to +Vcctor 1 '[gw.:,: G"iﬂ_
0V, allowing the duty cycle to be adjusted oveaage R2 R4 H — =
above and below 50%. One problem with using the *™%[ | 10K ar !
control pin in this way is that it affects both tthety e '
cycle and the frequency at the same time. 100nET
-— 1
T‘IOnF _
) 7 ov

Fig. 4.4.7 Duty Cycle Control Using Ctrl (pin 5)
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Improved Duty Cycle Control

A circuit providing an adjustable duty cycle witmmanimal effect on frequency is shown in Fig
4.4.8. This is a modified version of the 50% dutgle circuit shown in Fig. 4.4.6.

VR1 provides a continually adjustable duty cycle +Vee

between approximately 35% and 75% avoiding use

the control input therefore allowing adjustmenthud (L NESEE

duty cycle with little or no effect on the frequeraf I -

oscillation. [pisch Trig [z} R3 out
{Bl+vee _ Gndlt—

The two sections of VR1, either side of the slider, o E}

added to R1 and R2 effectively provide two separat P -

(and adjustable) values of timing resistor. D1 ¥

conducts during the charge period of C4 when the 1 C3 100nF

output on pin 3 is high, providing a timing resista Tet

made up of R3, the left hand portion of VR1, and R 10onF mmﬁ:

During the discharge period pin 3 is low, so D1 is
reverse biased; D2 now provides a discharge path-
R2, the right hand portion of VR1, and R3.

Fig. 4.4.8 Improved Duty Cycle Control

The frequency is calculated using the same forrasifor the 50% duty cycle circuit shown in Fig.
4.4.6, although this will be slightly affected thetforward resistance of the diodes:

Also, in this circuit R is now made up of R3 + halfVR1 + R2 (or R1, which is the same value).
Frequencies from a fraction of 1Hz to many tenkH can be obtained from Fig 4.4.8 by using
different combinations of values for the timing aapor C4 and the timing resistors R1, R2 and R3.
To maintain a 1:1 mark space ratio R1 and R2 shioelklept equal in value.

Fig 4.4.9 shows the circuit in Fig. 4.4.8 constedcon Breadboard.

.+\fcc--?i ageef swwaf
2 .df \ | = &0 1y
: l - | : ._- -|.Il

I EEREEFREEREER & |

tass sssssflesamn =
rar e sasvafilevewnw W

Fig. 4.4.9 555 Astable with Duty Cycle Control
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Oscillators — Module 4

4.5 The 555 Monostable
What you'll learn in Module 4.5 The 555 as a Monostable
After studying this section, you should be able to: The 555 timer i_S SO n_amed because_its primary
_ o mode of operation is intended to be in

. U”?eglsta”déhe operation of the 555 timer in monostable mode. Operating as a monostable, it
monstable mode. does not fit the striadefinition of an oscillator

« Recognise 555 monostable circuits in schematic because, unlike true oscillators, it requires an
diagrams. input signal to trigger its operation, however the

fact that the 555 timer can be used in both
monostable and astable mode considerably
« Understand the need for trigger pulse conditioning. increases its flexibility and usefulness.

» Choose appropriate timing components.

Monstable Operation

so continually switches from one to the other and fm

back again, the monstable has one stable state an 7
one unstable state. Hm

Unlike the astable, which has two unstable statés czn];’
5
Ctrl ,

When triggered by a suitable pulse at its input @i |
it switches from its stable state, in which thepout | S
is low, to its unstable state where its outputighih J °

|

This state exists for a time controlled by the ealu
of R1 and C1, and at the end of this period thewut | 6L
switches back to its stable (low) state. Its primase | """

is therefore to produce a set time delay, initidigd im

+
_>_r 5 ]
an input pulse. - gut
From Fig. 4.5.1 it can be seen that the circufedsf EH' _2 i E I: R
X

(3]

.

from the basic astable configuration shown in _ g J Load
Oscillators Module 4.8 that only one timing toer J1cnd
resistor (R1) is used, pins 6 and 7 (instead afb2) input njn Fig. 4.5.1 The 555 Monostable

are connected together and pin 2 is used for the
trigger pulse input.

Fig. 4.5.2 illustrates the timing waveforms for the Trigger ;Kf
monostable, notice that the trigger pulse on pin 2, pulses cc
which must be higher than 1/3Vcc in the absence (Pin2) 1/3Vee
a trigger pulse but is normally at about +Vcc,Sall : ov
: C1Ch C1 discharged

to less than 1/3 Vcc to trigger the start of thiage via aRrEes via ;;cns?;%fr +Vee
(high output) period. Pins \ / 2/3Vce

) . B6&7 1/3Vee
The trigger pulse makes the voltage on the invgrti (v_) oV
i i K ; T,=11RC
input of comparator 2 lower than its non-inverting Ho Ve
input and so the comparator output goes high,
making the S input of the bistable high and setting %"i‘;p;‘}t
the bistable Q output high, and its @hot Q) oV

. . . Unstable Stable

output low. This turns off the discharge transistor state  state

and the low output from the bistable is inverted by

, : ) Fig. 4.5.2 555 Monstable Wavef
the inverter to make the output at pin 3 high. 9 onsiable Travetorms
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C1 commences charging from OV towards +Vcc, bukdvig reaches the discharge level of
2/3Vce, Comparator 1 is triggered, the bistableset, the output at pin 3 goes low and the
discharge transistor immediately discharges CICAss also connected to the non-inverting input
of comparator 2, this voltage also falls, and asttiyger voltage on pin 2 is now high again after
the trigger pulse, the 1/3Vcc threshold level thas active in the astable configuration is ignored
as \; falls and C1 is fully discharged to OV. No furtteation takes place until the arrival of a
further trigger pulse at pin 2, and during thisdithe monostable is said to be in its stable state.

Fig. 4.5.3 shows a schematic diagram for a badic 55 e
monostable circuit with an output pulse duratiofjust over R1 m
L : , 100k
1 second. Because this circuit is not working ghhi
frequencies, the supply decoupling capacitors @BGhH O—
may be considered as optional, but neverthelésgiod Trig lem reslad
practice to make sure the circuit is not affectg@xtternal l_[s Thresh Outfi—1—0
noiseby decoupling the 555 supply with a 100nF capacito {7|pisch Tiig p—
(to remove high frequency noise) and an electrlyti o Vegondfi—
around 2uF (to remove low frequency noise). Both of thes — {1
capacitors should be fitted as physically closth&555 IC =
as possible. c1| £ e 2‘;3F 100nF
10pFLE | 100nF
T
7 ov

I Fig. 4.5.3 555 Monstable Circuit
Timing Components g

In monstable mode, only one resistor and one ctyaie

involved in the timing process, and as the capacharges from OV to 2/3Vcc in 1.1 time
constants, from the information gapacitor time constanis capacitor will charge in an
exponential fashion to 63.2% of its full chargetagk (+Vcc) in one time constant, so to reach
2/3Vcce (66.7%) will take 1.1 time constants. Th&geriod (T) is the time taken for the timing
capacitor to charge to this level and so can belgisalculated as:

I'=11XRC

As the point at which the capacitor begins to dasgh is a fraction (2/3) of Vcc, due to the intérna
resistor chain in the 555, waveform timing is ueaféd by changes in the supply voltage.

Choosing a timing capacitor

The 555 monostable can generate delays from a fevoseconds to several hours depending on
the values or R1 and C1. However, using very laggmcitor values can be a problem, since large
value electrolytic capacitors have quite wide tatee limits, so their actual value may not be the
same as their value markings by a significant arhdthrey also have high leakage currents and this
can affect the timing accuracy as the capacitorgdsa Where large capacitance values must be
used, tantalum capacitors can be a better choedhgir lower leakage current.

High working voltage electrolytic capacitsshould also be avoided where possible as elettisly
do not function properly as capacitors when opdratesoltages less than about 10% of their rated
working voltage. For example, using an electrolgapacitor rated at 100Vwkg in a 555 circuit
operating on a 5V supply could also cause timirgpj@ms. Capacitor working voltages should
therefore be chosen that are higher than the 5%% vWltage, so that they can work safely without
the danger of an over voltage causing a sudderca@adtrophic short circuit in the capacitor, but
not so high that they cause timing problems.
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Very small value timing capacitors used in prodgaorery short output pulses may also cause
problems. If values below 100pF are used, stragatace around the circuit can change the value
of timing capacitance considerably, leading to cuaate and unpredictable timing.

\

WARNING: Be extra careful when connecting electrolyti Top etched to fail in
capacitors to ensure they are connected with threao potentially explosive
polarity, see Fig. 4.5.4 showing negative lead imarkon a — situations
-
White r

capacitor, but note that the conventiondapacitor symbols
in circuit schematic diagrams (e.g. Fig. 4.5.3pisnark the

Max. safe

positive plate of an electrolytic capacitor with a + symbol | stripe —#— = / """‘::;ki“g
Fig. 4.5.4 also shows the safe working voltagénef t shows |1 |7 Voltage
capacitor, which must be high enough to withstamd a negative | !

likely voltage the capacitor will be subject tothe circuit. | connection Fig 4.5.4

Connecting electrolytic capacitors the wrong way round,
or exceeding their working voltage can cause them to EXPL ODE!

- J

Choosing the timing resistor

As with astables, the timing resistor must be asid KQ (and higher is better if low power
consumption is an aim), but if timing inaccuracxs to be minimised, it should not be much
higher than 1ND.

If timing delays are needed that are longer thanbsaaccommodated by following the above
information, it is possible to use multiple mondwés, with the falling output of one triggering the
next. However an even better (and possibly cheamion would be to use digital counters for
timing purposes.

Trigger pulses

To trigger the 555, pin 2 must momentarily +Vee +Vee
go to less than 1/3Vcc, the duration of the *Ve¢ — —

trigger pulse must not be longer than that « ‘ Input Rd 555
the output pulse, and with short output  13vee. || P**¢

periods or long duration input (trigger) InputC-] 2 g
pulses, some conditioning of the trigger Gd

pulse may be needed to keep its duration  4yee Pc_s-itive going

short. A common method is thfferentiate —‘r Trgger SP'“TJ;EE';T""E“

the trigger pulse to produce a very narrow 113Vee ppm 2

negative going spike at the falling edge of

the pulse as shown in Fig. 4.5.5. Fig. 4.5.5 Differentiating 555 Trigger Pulses

The differentiator Cd and Rd produces two

spikes symmetrical about +Vcc, but as spikes goinge positive than +Vcc will not play any part
in triggering the 555 and would additionally cobtrie to unwanted noise in the circuit, they are
removed by D1, which will prevent any voltages l@gthan +Vcc appearing at pin 2.

The result is a much narrower trigger pulse, th@aon of which will depend on the values of Rd
and Cd. The values of these components are nmiatgirovided that Rd does not load the input too
much and reduce the amplitude of the trigger palsd,that the resulting duration of the trigger
pulse (at 1/3Vcc) is less than the duration ofadhgut pulse.
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Oscillators — Module 4

4.6 Pulse Width Modulation
, : Using Astables & Monostables for Pulse
What you'll learn in Module 4.6 i :
youltieamin i Width Modulation (PWM)
After studying this section, you should be able to: ) . .
Monostables are widely used in generating
* Understand how timer ICs can be used for PWM. simple time delays, an example of which could

be the delay in switching off the courtesy light
in a car, some seconds after the ignition switch
» Apply PWM principles to motor control. is turned off. There are many other uses
however that also make use of the 555 timer’s
versatility.

» Know basic methods of pulse width control.

 Understand back EMF protection for inductive loads.

In the 555 astable examples shown in Oscillator T oV
Module 4.4, the control input (pin5) of the 555 wi g to
shown to be useful in controlling the duty cycle o Duty T
the output. However its action also varied the Hm RSH Cycle] 1vR1

+12Y

10K

frequency of the astable. This interdependence ¢ 100% 10K

be eliminated by using two 555 timers, the first a
a constant frequency astable pulse generator,
driving the Trigger input of a second 555 used a:
monostable, with its delay timing varied by a
voltage applied to its control pin. Such circuiggc
be constructed using either two 555 timer ICs or | |r2
single 556 Dual timer, which is really two 555s ir L™K
a single package.

C1
In the circuit shown in Fig. 4.6.1 the duty cycle | 22

can be adjusted without any effect on the output IC1 555 Astable IC2 555 Monostable 777
frc_equency, making the circuit useful as a pulse Fig. 4.6.1 Pulse Width Modulation
width modulated motor speed control or LED with Astable & Monostable
dimmer.

Operation

IC1 is a fixed frequency (5kHz) astable producipg 2egative .,
going pulses repeating every 200us. Each pulsgetisghe pin 3
monostable IC2, to produce a single output pulgmgia high
output, of about 110us set by the values of theaggm

components R3 and C5. However this time is altbyetthe '}313
variable voltage applied to pin 5 of IC2 by VR1lpaling the ™"
delay period to be varied between about 30 and 4,8031 a 15% Duty Cycle

duty cycle variable between about 15 and 90% asisho Fig.
4.6.2, these upper and lower limits being set bywtilues of R4
and R5 respectively.

The monostable period must always be shorter thatirme
between the astable pulses to ensure that the madt®$ss not
re-triggered before its time-out, as this wouldssaautput
pulses of unpredictable duration.

90% Duty Cycle
Fig. 4.6.2 Pulse Width Modulation
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The narrow negative going pulses produced by I€Idae to R1 being 100 times greater than R2.
The control input (pin 5) of IC1 is not used, asdimply decoupled by C2 to remove any external
noise. Both IC1 and IC2 are also externally decedijply 2.2uF and 100nF capacitors fitted as close
to the Vcc and Gnd pins of the ICs as possibleh@\it this precaution the 555 output can exhibit
excessive overshoot at frequencies higher thaw &admdred Hz.

Back EMF Protection

The 555 output is capable of sinking or sourcingalpOOmA and 9V

so should be quite capable of directly driving drb& motors.

However, when connecting inductive loads, such et to the 5 A

555 output, it is necessary to provide some baokfe protection as

shown in Fig. 4.6.3. P
3p

For low impedance loads, or if the current drawnh®yload is /

likely to exceed 200mA, a simple emitter followertpput driver can 1 Protection Diode

be added using a suitable power transistor sutieaIP31A. This OV Motor driven when
will allow output currents up to 3A J:, output is LOW

If the motor is connected between pin 3 of the &3& +Vcc, it will
be driven whenever the 555 is low. Each time pgo8&s high, drive :LI_W

current through the motor ceases very suddenlyadvatk e.m.f. Protection Diodes
voltage spike can be produced that will be consiolgrmore : e \
positive than +Vcc. Fitting a diode across the matibh its anode 3P ’|

to pin 3 will prevent pin 3 going more positive thabout 0.7V

higher than +Vcc. 1 A
When a motor is connected between 3 and groursidiiven ov

whenever the 555 output goes high. In this cassgative voltage mn

spike will be produced by the motor back e.m.fhe@ame the 555 Motor driven when
output returns low. A protection diode connectethiits cathode to output is HIGH

pin 3 will limit the amplitude of the back e.m.pike across the Fig. 4.6.3 Back EMF Protection

motor to about —0.6V. However when connecting itisedoads

such as motors between pin 3 and ground on a neiesthere is also a risk that even the small
‘glitch’ produced as the motor is switched off b 555 output could cause the monostable to re-
trigger, effectively doubling the output’s high pm&t. To prevent this, a second diode is needed,
connected in series with the motor as shown in£&§.3. The diodes used for spike suppression
should be capable of passing sufficient currentiferload and have a considerably higher
breakdown voltage than +Vcc so that they are notadged by the back e.m.f. produced by
inductive loads, therefore rectifier diodes sucla &sl4001should be used.
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Simple Motor Drive Circuit

Although a maximum output current from pin 3 otanslard NE555
(other versions vary) is 200mA, the maximum powssigation of
the 555 is given as 600mW. This would assume teatrtaximum
output voltage was no more than:

600exp®W / 200°A = 3V

If a motor is to be driven at a higher voltage, 8} and the
maximum power dissipation of the 555 is to be keithin the Fig. 4.6.5 Miniature DC Motor
600mW limit either the output current or the outpoltage must be
limited, for example:
4 D1
1N4001

600exp®W / 9V = 67mA +§Vto +12V

So even some small DC motors may easily exceedrihe
capability of the 555. In such cases a simple drik&uit such
as that shown in Fig. 4.6.4 may solve the problégonsists
of a TIP31A NPN power transistor connected in egmitt
follower mode to the 555 output via a 1K resismtise 555  555pin3 TFo A

Input

has to supply only sufficient current to the bakthe D2 =+ Miniature
transistor to turn it fully on. The transistor wiflen provide 1N4001 A ;d?\;DDG
sufficient current via its low impedance emittetpout, to ov orer
drive a motor (or other low impedance devices agh o ‘
loudspeakers). Fig. 4.6.4 Simple Motor Drive Circuit

Because the motor is an inductive load, some piotemust be provided for the transistor against
high voltage spikes due to back e.m.f. This isexadl by D1, which will conduct if any large
positive spike, due to back e.m.f occurs as themstswitched off. Also D2 will prevent the
emitter becoming more negative than 0V, protediegtransistor in the presence of any negative
going spikes. This circuit can be added to theudiia Fig.4.6.1, as shown in Fig. 4.6.6.

Fig. 4.6.6 Complete PWM Circuit & Motor Drive
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4.7 Square Wave Oscillators Quiz

Try our quiz, based on the information you can fm@scillators Module 4. You can check your
answers by using the online version at:

http://mwww.learnabout-electronics.org/Oscillators/osc47.php

1. What is the duty cycle of a square wave havinga  mark to space ratio of 2:1
a) 33%

b) 50%
c) 67%
d) 200%

2. What is the p.rf. of the wave shown in Fig. 4.7  .1?

a) 6Hz

=
b) 60Hz §
%
¢) 600Hz
o 2 4 B B 10
d) 6kHz Time (ms)

Fig. 4.7.1

3. Refer to Fig. 4.7.2. What is the purpose of D1a nd D2?

a) To improve the rise time of the waveform.
b) To eliminate overshoot.

¢) To reduce ringing.

d) To clamp the DC level of the waveform.
) P ¢ Fig. 4.7.2 o
4. In the op-amp astable circuit shown in Fig. 4.7. 3, which of the following op-amp characteristics li mits the
highest useful frequency of the circuit?
+s'\].r
a) Gain Ri R 33K
100K .
b) Slew rate 2|
—
¢) Supply voltage 31* 1 out
i R2
d) Output impedance. Rt
—=c1 R3
100nF 100K
] .
T Fig. 47.3 '

5. Refer to Fig. 4.7.3. What is its approximate fre  quency of oscillation?
a) 220Hz

b) 2.4kHz
¢) 50Hz

d) 430Hz

OSCILLATORS MODULE 04.PDF 26 O E. COATES 2007-2013



www.learnabout-electronics.org Oscillators Module 4

6. Refer to Fig. 4.7.4. Which of the following woul  d be the approximate output frequency?

*Wecdy
a) 200Hz a [H
ATK

4 ]
b) 500Hz 7
c) 1kHz .“,iﬂ 555 S
d) 2kHz 2 s

c2

gl 1

Fig. 4.7.4

7. Refer to Fig. 4.7.4. What will be the markto sp  ace ratio of the output waveform on pin 3ofthe 55  5timer?
a)l:l

b) 2:1
c) 31
d) 5:1

8. Refer to Fig. 4.7.4. What voltage reading would  be expected if a DC voltmeter is connectedto Pin5  of the 555
timer?

a) ov
b) 3V
c) 6V
d) ov

9. Refer to Fig 4.7.5. If a 2us trigger pulse isap  plied to pin 2, what will be the approximate durati ~ on of the output
pulse at pin 3?

a) 2us [H e
b) 20us o .
¢) 110us i 555 3f—0
d) 220us | |

1

Cl ==
|0n:='|' 100nF

5
c2 J_
Fig 4.7.5

10. Refer to Fig 4.7.5. To obtain a continuous outp  ut waveform with a 50% duty cycle, what would beth e required
p.r.f. of the repeated trigger pulses appliedtopi  n2?

a) 4.55kHz
b) 9.1kHz
c) 21kHz
d) 3.25kHz
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