Chapter 16

Oscillator Circuitsand Applications

16.0 Introduction

Oscillator contains circuit that generates an ougpgnal without necessity of an
input signal. It is a circuit that produces a ré@pet waveform on its output with
only dc supply as input. The oscillator can be sandial or non-sinusoidal type.
They can be used in many applications such as caoncation and digital
system.

Oscillator operation is based on positive feedhalckreby portiorf3 of the
output signal ¥ is feedback without phase change. This shall mean that
there is no phase difference between the inpufesdback signal.

Many oscillator circuits can be designed using apenal amplifier circuit.
It can generate various types of waveform with maut other than dc supply.
These are known as signal generators or oscillators

16.1 Principles of Oscillator

With exception such as relaxation oscillator, tperation of oscillator is based
on principle of positive feedback where portiortiod output signal is feedback
into input without phase change. Thus, it reinfertee input and sustains the
continuous sinusoidal output. Beside this, the ehstsft of feedback signal
must be either Vor 360. The last requirement is the loop gain T of anmglif
must be equal to one, which is also namedBaskhausen criterion. Thus
mathematically, the loop gain T is

T=AB=1 (16.1)

Y,
where A, is the voltage gain of the amplifier afd= vf is the feedback

portion of output voltage. If Ais equal to 10 then the feedback port{dn
should be 1/10. The principles of the oscillatar #lustrated in Fig. 16.1. The
AV

transfer function of the circuit shall be A :
1-A,B
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Figure 16.1: Principle of sinusoidal oscillator

16.2 Non Sinusoidal Oscillator

Triangular wave, square wave, and waveform frontag@ controlled oscillator
VCO are examples of non-sinusoidal waveforms. Galyerthey can be
designed using operational amplifier, resistor, eayolacitor.

16.2.1 Triangular Wave Oscillator

A basic triangular wave generator is shown in Hi§.2 and its waveform is
shown in Fig. 16.3. When the switch is at positibnwhich is at negative
voltage, the output of the operational amplifiedlwamp from negative to
positive voltage. Likewise, when the switch is asifion 2, which is at positive
voltage, the output of the op-amp will ramp fronspi@e to negative voltage.

_v’ C
I I{
| \ *
2 o Vout
L
+V

Figure 16.2: A basic triangular waveform generator
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16 Oscillator Circuitsand Applications

The waveform of the basic triangular waveform iswgh in Fig. 16.3, which is

derived from integrator ¥ = —R—lc:'det+VC(t:O), where \{((t = 0) is the

voltage of capacitor at time t = 0.

N NN S
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Vout

position position position position
2 1 2 1
‘Output voltage as the switch is thrown off and on at fixed interval

Figure 16.3: The basic principle of a triangular wave generator

A practical triangular wave generator is shownig B6.4 whereby its positive
and negative peak voltage and period can be speécifi
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Figure 16.4: A practical triangular wave generato
The peak-to-peak output voltagg ¥be)is,

Vout(PP): Vute -ViTp (16.2)

R R
Where \(JTP = R_3(+Vout(max)) and \X_TP = R_s(_vout(max)) . +V0ut(max) and - Out(max) are
2

2
the positive and negative output swing of the carmos. The resonant

frequencyf, of this triangular wave is
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16 Oscillator Circuitsand Applications

=_1 4R
f, 4R1c[ER3j (16.3)

Based on equation (16.3), by varying the valueesistor R will change the
frequency of the oscillator but not the peak-tolpealtage, which is governed
by equation (16.2).

16.2.2 Saw tooth Wave Oscillator

A saw tooth wave generator utilizes the conceptoitage-controlled oscillator
VCO. It can be designed by using a programmablginection transistor PUT
and an operational amplifier integrator arrangedhasvn in Fig. 16.5.

+
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When PUT is ON —

C
-+ Rapid discharge
LY Charging

‘ When PUT is OFF I
R

-] vV - Vou
—_— o]

Vin—= /
T +

Figure 16.5: A saw tooth wave generator circuit using PUT

A negative input voltage Y is used to establish a positive ramping voltage
whereby at this stage the capacitor C is chargmibthe output \; is ramping
up. As soon as the output voltage reaches the gmoged voltage V of
programmable unijunction transistor PUT plus thewfrd voltage ¥ of the
diode, which is 0.7V, the PUT is conducting caudimg capacitor to discharge
and output voltage drop abruptly to the forwardagé ¢ of the programmable
unijunction transistor PUT.

The period T of the wave is

(16.4)
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16 Oscillator Circuitsand Applications

where |\L|RC is ramping rate of output voltage.

Saw tooth wave can also be designed using thegtedamave circuit with
inclusion of reference voltage ¥/ at the non-inverting input pin of the
integrating operational amplifier. The circuit betdesign is shown in Fig. 16.6.
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Figure 16.6: A saw tooth wave generator circuit design usingasguvave circuit

R, is the potentiometer that is used to providg Yoltage to the integrator. By
control Vs voltage, shape of the saw tooth wave can be varied

The time { of the positive ramping of the wave is; t=

R,C 5&(+ vout(max)). The time £ for the negative ramping of the wave
(+ Vout(max)) _Vref RZ

ist, = 2R,C E&(—v ). If we assume that the saturation voltages of
_ out(max)
( Vout(max)) + Vref R 2

the operational amplifier is the same. i.e. {#Max) = (-Voutmax) = Voutmax)
then the period T of the saw tooth wave is equal to

2
— 4Rg|_C(Vout(max)) E& (165)

T
(Vout(max)) - Vrzef R 2

The duty cycle of the saw tooth wave iIs equal t@Tt =

2 _\/2
iy TR Vo) il et = g[1+ Vo } Fixing duty
out(max) ref 2 1 out(max) 3

cycle and knowing ¥ maxy VretCan be known and adjusted using R
- 445-
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16 Oscillator Circuitsand Applications
16.2.3 Square Wave Oscillator

The square wave oscillator is designed based ompriheiple of charging and
discharge of the capacitor and comparator, whighasvn in Fig. 16.7.

Ry

Vf —C Vout

A
71
o

Figure 16.7: Square wave oscillator

When the circuit is turned on, the voltage at itimgrinput is zero. Thus, the
output of the op-amp is swung to maximum positiakig, which should be the
positive saturation voltage of the operational afhepl The capacitor begins to
charge until the voltage Ms just greater than the feedback voltagewhich is
= %R V... At this point, the output of the op-amp is swuiegminimum
2 3

negative value, which is the negative saturatiotage of the op-amp. This
would cause the capacitor to discharge. When tltage \; reaches negative
Vs, the output of op-amp swings to positive againisTprocess repeats and
generates square wave. The period T of the oseilaian be shown to follow
equation (16.6).

T = 2RCiIn(1 + 2R/Ry) (16.6)
It can be calculated using charging equation ¥ Vou + (-Vi — Vowexp(-
t/R,C,) for V¢, = V; and discharging equationcV= - Vou + (Vi + VoweXp(-
t/R]_C]_) for VC1 = - Vf.

If the value of resistor Rs R, = 1.1639R, then the period T is T = 2RB..
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16 Oscillator Circuitsand Applications
16.3 Oscillatorswith RC Feedback Circuit

Many oscillators are designed utilizing RC netwand resistor divider circuits.
RC network is basically used to determine the rasbrirequency of the
oscillator, whilst resistor divider circuit is uséal provide attenuated feedback.
Generally oscillator with RC network can provideduency not more than
1MHz. For oscillator that can provide frequency enttan 1MHz, LC network

IS used.

16.3.1 Wien-Bridge Oscillator

Wien-Bridge oscillator is an oscillator that me#tis principle of oscillator. Its
circuit is shown in Fig. 16.8.

out

R3 =C2

Figure 16.8: Wien-Bridge oscillator

There is a lead-lag RC network wherebydbd R leads and Rand G lags.
Reactancey. of capacitance Cis significantly affecting the \. at low

frequency, whilst reactancg. of capacitor G equal tol/jwC, is significant
affecting at high frequency. If;G G, and R = R;, there will be no phase-shift

because the phase lead is compensated by phase lag.
From the analysis of the circuit, the portion of thutput feedback to input
Vf
B= shall be
Y,

out
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B_ Vf _ J(JCRC
TV, 3juRC+(1-w’RC)

(16.7)

out

Applying Barkhausen principle of oscillator design this shall mean tbaerall
. _ joRC _ , ,
loop gain A BjeRC+ (1- 'R D) Ay = 1. From real part and imaginary part of

the complex number solution, the resonant frequé&rafythe oscillator shall be

_ 1
fi= e (16.8)

The voltage gain Aof the amplifier should be 3. This shall mean flieadback
portionf3 is 1/3.

Since the voltage gain of the amplifiey 8hould be 3, this shall mean that

A, = RatRe o3 (16.9)

In order for Wien-Bridge oscillator to start osatlhg, the initial voltage gain
Ay should be slightly more than three. Adding anaxircuit, which is called
stability circuit as shown in Fig. 16.9, will provide self-start aswtain the

oscillation.
a7 Da

;

\ . Vﬂ .
il /
R
Vf

Figure 16.9: Self-starting and sustaining Wien-Bridge oscillator
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Before zener diode {and B conduct, the voltage gain,f the amplifier is

R5
t2 5 — g, s 16.1
R 'R, 3+ R, (16.10)

Thus, it meets the conditions of closed loop gaeater than 1 for self-starting
of the oscillator.

When the output voltage reaches the zener breakdoWage plus 0.7V,
the zener diode conducts. Its forward resistanagddvee much smaller than the
resistance value of resistog.R hus, the closed loop gain will be back to 1 and
oscillation would be sustained.

16.3.2 Operational Amplifier Phase-Shift Oscillator

The operational amplifier phase-shift oscillatoraisother oscillator type that
meets the principles of oscillator design. Itswircs shown in Fig. 16.10.

D, D,

O Vf

Figure 16.10: Operational amplifier phase-shift oscillator

The feedback portion of the oscillator can be detiby applying Kirchhoff's
V,sC . _V,
] |2 -

current law at node a and node b respectively.edtiryisi; = -5
1+sRC R
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I3 = (Va— Vp)SC,is = %, andis = (Vo — Vo)sC. Voltage at node b is also equal

to Vy, = 1+sRC
sRC

v, .

V, sC

At node b, current; =i, + 15, (V,-V, sC=
3=11+1y (V,-V, B 1+ sRC

Vazvb[ 1 +i+1j.
1+sRC sRc

+%. This implies that

VesC _ Vy

At node ais = iy +H, +ig (V. -V, BC=
3-5 1 2 4 ( out ab 1+sRC R

+%. This implies that
voutsC:Vb—SC+ﬁ +£+vasc. Substituting the expression of, @nd 4 into
1+sRC R R

the above equation yields equation (16.10), wisdihe feedback portigb

\ i*w’RC?
B=—t= :

Vo JP’R°C® +6)2w°R?C? +5jwRC+1

(16.11)

After applyingBarkhausen principle of oscillator design, from real part biet
complex number denominator, which is (@fFR°C?) = 0, the resonant
frequencyf, of the oscillator shall be

1

r

*W’R3C°A,
}w’RC® +5jwRC

From the imaginary part of the complex number, \hrhix:j

the voltage gain Aof the amplifier shall be

5

AV =1- w?R2C?2

(16.13)

F%cz' Substituting this

expression into equation (16.13), it yields A -29. This shall mean that the
attenuation of the three-section RC feedback is T2&erefore, the value of
|R/Ri| should be 29.

From equation (16.12), this shall mean that=
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16.3.3 Quadrature Oscillator

Quadrature oscillator as shown Fig. 16.11 genetatessignals both sine and
cosine that are in quadrature meaning out of phgsed. The sine and cosine
outputs can be arbitrary assigned. It is not nergsg assign output of
operational amplifier 1 as sine output and outgubperational amplifier 2 as
cosine output.

The feedback portiofs is Vini/Vor = 1+iRC' The gain of operational

. Similarly, the gain of operational amplifier 2 is

amplifier 1 is Aoy = 2F3RC

1+sRC
(sRQ*

of oscillator design, the loop-gain of the oscdlats A3 =-

Applying Barkhausen principle

1 ) .
A = -——_. The overall gain Ais -
VO2 SRC g A
1 +sRC_
1+sRC (sRC)2

“RGE Rlc)2 and is equal to one. This shall imply th&R*€” = -1. Based on this
S

equation, frequenclyof the oscillator is

-1 (16.14)
2TRC
R C D2 Dy
WV Il I\
l 11
L 1
c
- R
k A \

/ Az *
sine wave /

= cosine wave
Rq

- —_—

Hi

Figure 16.11: Quadrature oscillator
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Substituting equation (16.14) into the equatiorfesfdback portior, which is

Vin/Voz = 1+iRc, the feedback portiof is 1le: 1 1-45. This shall mean

J2
that its magnitude is~ . This implies that overall open loop gain of the

V2
: : : o _ 1+sRC _
oscillator A, is ¥2 = 141. The gain function is $; = o after substituting

w with equation (16.14), the gain function becoméS,o; = -jl+j) =
V20 -45°. Similarly the gain function &, is Aves = _s?lkc = 1090°. The total

phase shift is -45 45’ + 90 = 0 that meets the design principle.

16.3.4 Three-Phase Oscillator

Three-phase oscillator as shown Fig. 16.12 gersethtee sinusoidal voltages
of equal magnitude but displaced by 1#0m each other.

Rp D1 D,
MY 1o |
R c RE
1 MV RF
I M
R 11
An c c
11
v R 11
a L AN—
V -
= L Az
= L

Figure 16.12: Three-phase oscillator

The feedback portiofd is equal to one. The gain of each operational diepis
A, = _Rell@sQ __ R./R
Vi — ~ ==
R 1+sR.C

. The overall gain A of the oscillator is & =

(-;;;RCJ . Applying Barkhausen principle of oscillator design, the loop-gain
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R, /R
1+sR.C

of the oscillator shall be /8 =(— j= 1. This implies that

6R.C)® + 36R.C)* + 3(SRFC)+1+(%j =0. Equating the imaginary part of the

equation, it gives rise to the frequency of thallagor to be

-3 (16.15)
2TR.C

Equating the real part of the equation, it givese rio the gain of individual
integrator to beF;—F: 2. Substituting the gain equation and frequency eguia

R, /R

into Ay; = I , it produces gain function 2 - 10120°.

sR.C 1+ j/3

16.4 Oscillatorswith L C Feedback Circuit

LC element is used for oscillators that generateentban 1.0 MH frequency.
Also because of frequency limitation of most operal amplifier, discrete
transistor is used as gain element of LC oscillator

16.4.1 Colpitts Oscillator

Colpitts oscillator utilizing operational amplifies shown in Fig. 16.13 and a
discrete bipolar junction transistor version iswhaon Fig. 16.14. The oscillator
uses LC network in the feedback loop. The combamatif G and G and L act
as a parallel resonant circuit. Using Kirchhofftsrent law and ac model as
shown in Fig. 16.15 for circuit, the current atputtnode is gVpe+ I + I + I3

\Y \Y

=0 ie. gmvbe+vout +-———ou _ — =0 and using voltage divider law,
R, 1/jwC, jwL+1/jwC,

base-to-emitter voltage ,¥ equals tov,, =- Y “*’92 V... From these two
joL +1/ jwC,
1 wLC,

3 3

equations, it yields expressiE;‘;nn +R— - j + jm[(Cl +C,) - oochlCz] =0.

Thus, the resonant frequengyis obtained from the imaginary part of the
equation, which is«|(C, +C,) - w?LC,C,|=0 and it is expressed as
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f= ! (16.16)
or L _C:C2
C,+C,
Ry
‘M

\
\|

1l

o

= ==C

V
Figure 16.13: Colpitts oscillator

2
From the real part of equatic{rgm +Ri— wlC,

3 3

j+ idc, +¢,)-wrLe,c,) =0, it

w’LC,

yields =g, +Ri. Combining this equation with equation (16.16), it

3 3

yields gain A = g,Rs; = CJ/C;. Thus, the feedback portion shallfpe C/C..

Vee

Ry R

Figure 16.14: A discrete Colpitts oscillator
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|1 -

"l.r"+ "
gRl gp‘ﬁ be grﬂ_ <> gmvbe 251 —_ C1 e

Figure 16.15: ac model of a discrete Colpitts oscillator

The impedance of the transistor will act as thelloa the resonant circuit and

reduced the quality factor Q = (":_ow of the circuit thus reduced the resonant
H L

frequency of the circuit. The equation of reson&meguency for Colpitts

oscillator including Q factor is

2
f=— 1 ?+1 (16.17)
21 L C.Co Q
C,+C,

If the Q factor is less than 10, the resonant feegy is significant reduced. On

the other hand, if the Q factor is greater than th& factor Q IS

2+1

approximately equal to one, which shall mean itsdoet affect the resonant
frequency of the circuit.

16.4.2 Hartley Oscillator

The Hartley oscillator is shown in Fig. 16.16. Ugithe similar approach like
the way how gain and resonant frequency are defate@olpitts oscillator, the
resonant frequency of Hartley oscillator can beashequal to

1
f = 16.18
" on/(L,+L,)C ( )

where inductor L, L,, and capacitor C act as resonant circuit.
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The feedback portiofs of this oscillator is L/L,. Therefore, the gain of
this amplifier should be slightly greater thagllly for self-starting. This shall
mean that the ratio,ll , is also equal to ratio#R, which is the gain A of the
amplifier.

Ry
—AANA——
R;
—AAA -

Vout
o

+ Ly

1 ——
= = L
V

Figure 16.16: Hartley oscillator

16.4.3 Clapp Oscillator

The Clapp oscillator is a variant of the Colpittsciiator. As shown in Fig.
16.16, the equivalent capacitancg i equal

_ 1
Cu=1—1 1 (16.19)
R T
Cl C2 C3

If the Q factor is greater than 10, then the resbfraquency of the oscillator is
equal to

f=_ < (16.20)

2nLC,,

If capacitor G is very much smaller than,Gand G, then the equivalent
capacitor Gy is Cq U Cs.

-456-



16 Oscillator Circuitsand Applications

Vee
é Ry %

K3 Ca
|
Ce L Cs I(_1"‘("?4:rut
Vin —— I
| C; C
? Ra Ry == s { J_ It
J=_ r—

Figure 16.17: Clapping oscillator

16.4.4 Armstrong Oscillator

Armstrong oscillator uses the transformer and desllback is via the secondary
coil of the transformer. This oscillator is alsdlea "tickler" oscillator because
of the secondary coil is as feedback. The cirduihe oscillator is shown in Fig.

16.18. The resonant frequerfgpf the circuit is

1
fi= ——— 16.21
" 2nfL.C, ( )
VOC
Ry Rs C,
I{
Co I
L L,
-G

Figure 16.18: Armstrong oscillator
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16.5 Crystal Controlled Oscillator

The most accurate and state of arts oscillatdnesone that uses piezoelectric
crystal in the feedback loop to control the frequyernQuartz is one type of
crystalline substance that found in nature thatiketen piezoelectric effect.
When a changing mechanical stress is applied ta@iysal, it vibrates and a
voltage is developed at the frequency of mechanitahtion. If ac voltage is
applied, it vibrates at the frequency of appliettage. The crystal has its nature
resonant frequency which is determined by its ptatsilimension and the way
the crystal is cut. A quartz crystal can be represg by the symbol and circuit
shown in Fig. 16.19.

Ls
XTAL Bl = ®m
Cs
Rs

(a) Syohb  (b) Electrical Equivalent circuit
Figure 16.19: Symbol and equivalent circuit of quartz crystal

Piezoelectric crystal can oscillate in two modehkjciv are the fundamental or
overtone modes. The fundamental mode is the lofregtiency, which is its
natural frequency. The fundamental frequency iscblg depended on the
crystal's dimension, type of cut, and is invergelyportional to the thickness of
crystal slab. Most crystal can operate up to 20Mthzis it is necessary to
overtone in the odd multiple of the fundamental mmr@quency. Assuming that
Rs Is small, the impedance 4 of the crystal shall be
2
2= o 2 ~w?+(@/L.C,) |
JoC, - +[C, +C)/(L,C,C,)]

A basic crystal oscillator is shown in Fig. 16.Zkapacitor G is used to
fine tune the frequency of the oscillator.
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Vee
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Figure 16.20: Crystal oscillator

16.6 The NE/SE 555 Timer

The NE/SE 555 timer has two comparators, a RSifhp-a discharge transistor
Qg and relative voltage divider formed by resistar Rz, and R as shown in
Fig. 16.21. The relative voltage divider can alsoelxternally control using the
voltage control pin (5).

NE/SE 555 timer can be configured to form many i@ptbns such as
monostable multivibrator, voltage control oscillatequare wave generator,

astable multivibrator, and etc.
Vee(8)

(6) Lipper
Threshold = +

S
aratar
Control _(5) p_ — Dutpu? (3)
Voltage N R Q Buffar @ Qutput
§5an Flip-flop

Lower S

2
Trigger r,{ ) -

. (7} Discharge
Discharge e—— Path Trangsr.nr

Re Dy
Sk

| (€3] (&

GND Resat

Figure 16.21: The internal structure of NE/SE 555 timer
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16.6.1 Astable Multivibr ator

The relative voltage divider of NE/SE 555 timer hbsee resistors of equal
value. This would create a 2/3¥ reference for the upper comparator and
1/3Vcc reference for the lower comparator. The outpuhefcomparator is then
used to control the output-state of the RS fliggfld’he threshold input is
normally connected to an external RC timing circwhich is shown in Fig.
16.22. When the voltage of external capacitor edse2/3\kc, the upper
comparator reset the flip-flop. This will cause thstate of the RS flip-flop to
switch high. This in term causes the transistgrt@switch on and allows the
capacitor to discharge through it via resistarx ®/hen the voltage of the
transistor reached 1/3¥, this causes the lower comparator to set the RS fl
flop. The Qstate of flip-flop is set to zero state, switchéstbe transistor @
and the capacitor will begin to charge up. Thiscpes creates a square pulse at
the output of the timer.

The frequency of the oscillation is depending oa Walue of resistor R
and R and external capacitor.according to the equation (16.22).

144

= mc (16.22)

fi
ext

Ve (8)

R
sk

{6) Upper

+

Com-

parator

- — (3)
/ I— R Q o Output

R in
a2 Flip-flop

W
AW

Lawer 5

Com- =]
parator

p— -

(7) Discharge
= Path Transistor

R Qd
§n2 §sm

l(1) (4)

J_ o
— "Jr: C

k1
i
[
5

Figure 16.22: NE/SE 555 timer connected as an astable multivobrat
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The duty cycle of the pulse at output is not symioait because the external
capacitor G is charged through resistor; Rnd R and discharged through
resistor R only. Moreover, the charging occurs from voltagé&Vkc to 2/3Vcc
and the discharging occurs from voltage 2/& ¥ 1/3\c. The charging of
external capacitor constitutes the time duratipifot the output is high and it
follows equation (16.23).

ty = 0.693(R + Ry)Cex (16.23)

The time t is the time duration when the output is low. Ildws equation
(16.24).

t, = 0.693RCeyx (16.24)
The period T of the output waveform is equal togbe of {; and t, which is
T =0.693(R + 2R))Cex (16.25)

The reciprocal of period T is the frequency of theput waveform, which is
also equation (16.22). The charging timecan be obtained from charging

equation ey = Vec + (Vgc —Vccje‘”(Rl*Rz)Cext by setting \ext = 2Vcd/3, which

yields t; = (R, + R)Cqy In 2, whilst the discharge time can be obtainednf
equation ey = %e‘“%xt by setting \ext = Vcd/3, Which yields it = R,.Ceqy

In 2. The duty cycle of the waveform follows eqoat(16.26).

R, +R,

Duty cycle = th x100% = (

L H

jxlOO’/o (16.26)

1 2R,

To obtain closed to 50% duty cycle, the value Gister R has to be much
greater than the value of resistor. RThis will make the charging and
discharging times of the external capacitgy @most the same sincg RR, is
approximately equal to RIf the pulse is properly negatively offset, than
square wave is obtained.

If the duty cycle of less than 50% is desired, tesiselecting value of,R
R,, a diode B is connected in parallel with resistos & shown in Fig. 16.23.
This will reduce the effective charging time viaistor R and forward resistor
of diode R, which is small as compared to value of resistgrt® bemuch
smaller than discharge time via resistogr Bince, the charge time is much
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shorter than discharge time, the duty cycle is feaa 50%. Duty cycle is now
governed by equation (16.27).

R. +R,
Duty cycle = 1 diode 100% 16.27
uy y (R1+Rdiode+R2JX ’ ( )

RaiodelS the forward resistance of the diode, which caraésumed to be zero as
compared with the value of;Rnd R.

Vee (8)
i

Ry
Sk

{&) ~Upper

—
s | " _ (3)
%Cl R Q ¢ Output
= Re

§ §5m Flip-flop
Ry

5

Lower
+

Caoime- ]
parator

{2)

J?] Discharge

Path Transistor
% i Rg F j } Qu
Dy Ry § Sk

i (1) |®

= Ve

Figure 16.23: NE/SE 555 timer configured for less than 50% duytyle
16.6.2 M onostable Multivibrator

NE/SE 555 timer can be configured as a monostabléuibrator as shown in
Fig. 16.24. In the stable state, the RS flip-flopni reset state. The output of the
timer will be at low state. The voltage:ét capacitor C is zero volt because the
transistor Qis switched on. As soon the triggering voltagg\ is set, which
shall mean the voltage is lower than 1£3VThe lower comparator will set the
RS flip-flop, which in turn switch-off transistor@nd set the output to high
state. Since the transistoy 3 off, the capacitor C begins to charge up. Amso
as its voltage reaches 2/&Y the output of upper comparator switches to high
state and reset the RS flip-flop. The output ofetirshall then switch to low
state and the capacitor begins to discharge thrégtswitched-on transistor
Qq- The waveforms of the triggering, voltage at cépacC, and output voltage
are shown in Fig. 16.24.
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Figure 16.24: NE/SE 555 timer configured as a monostable multatidr

The pulse width 4, Of the monostable multivibrator is calculated frohe
charging time of RC network charging for voltagenfrzero volt to 2/3¥c. The
pulse width follows equation (16.28).

twiath = 1.098RC (16.28)

Pulse width {4, can be obtained from universal charging/discha@rgiquation
Ve = Vi + (V; =Vpexp(-th), where \V = 0 and V= Vcthat yields equation y/=
Vee — VeeeXp(-hiai/RC). By setting ¥ = 2V/3, the final charge voltage of
capacitor, it yieldsjgn = RC In 3.

If the triggering voltage Mgqer is @ pulse of known frequency and the time
twiain IS controlled such that it is equal to 1.2 timéghe period T of Vigger pulse
then the monostable multivibrator is become a @nhbg-two frequency divider.

In general, for the monostable multivibrator todmafigured as divide-by-
n frequency divider, the pulse-width4t, should be equal to [0.2 A-Q)]T.

16.6.3 Voltage Controlled Oscillator

The NE/SE 555 timer can also be configured as &agelcontrolled oscillator
VCO. This can be achieved by connecting an exteroléhge o, to voltage

-463-



16 Oscillator Circuitsand Applications

control pin (5). The external voltage changes tiveshold value of the lower
and upper comparator from 1/8Vto 1/2Viont and 2/3\c to Veone AN inCrease

of Veont Value increases the charging and discharging tmeé causes the
frequency of the output waveform to decrease and versa. The period T of
voltage controlled oscillator VCO can be obtainednf the universal

charging/discharging equatiorntd = V; + (V; =Vpexp(-th).

During the charging phase, ¥ % and Vf = V¢, thus, the charging

equation shall be = Vce + (%_Vccje_“mlm”c“. Setting \bext = Veons the

charging timey shall be

Vcc B Vcont /ZJ (16.29)

= +
tH (R]_ Rz)CextIn( VCC my

cont

During the discharging phase, ¥ Vconeand M = 0, thus, the charging equation
shall be \bey = V&' "%, Setting \bext = Veon!2, the discharging time shall
be

t. = RCeyIn2 (16.30)
The period T of the VCO is

T=(R + Rz)cextm(vvcc‘—vm’z} RyCoyiln 2 (16.31)

cc~ Veont

The voltage controlled ascillator can be implemédnising a integrated circuit
NE/SE 566 chip. This intergated circuit VCO produidevo simultaneously
square wave and triangular wave at the frequendy G® MHz. The basic
block diagram of the VCO is shown in Fig. 16.25.

VCO can also be considered as voltage-to-frequeocyerter since the
input voltage determines the frequency of the dutple/SE 566 VCO has a
current source that consists of the lower currentrce and upper current
source. The schmitt trigger has two threshold galsa namely the lower
threshold voltage Vand upper threshold voltage,VThe upper current source
Is used to charge the external capacitor fromvéltage to V, voltage. The
lower current source is used to discharge the eakeapacitor from \ voltage
to V, voltage. Beside providing square wave, the oubptthe schmitt trigger is
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also used to control the switching of lower and erppurrent source. The
triangular wave is provided by the charging anccliigsging of the external

capacitor via pin (7). The modulated inpug\Ms consist of a dc voltage and an
ac modulated signal ¥ coupled with capacitor.

R1 Vee
6 8
: annn
Current ) Schmitt Buffer o)
y 05" source trigger amplifier |3
CN T
Buffer ANAN
¥ amplifier [ 0
T 1
Cq4 Gnd

Figure 16.25: Block diagram of NE/SE 566 voltage controlled dabdr

Figure 16.26 shows the circuit connection of a NEB&6 VCO. The dc M

voltage is equal to R; V.., IN which it must satisfy condition that
R, +R

2 3

3
Voo Vo < Ve
*Vee
R240.001pF SRy
| —
€2 [ 8| nnnn
C3 NE/SE 4[—©
Vep 0 | 5 566
CN vco 5|29
§R3 7 1
ok
T

Figure 16.26: Circuit connection of NE/SE 566 voltage controltestillator
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The modulated input signal,ymust be < 3Yy, where \bp is the peak-to-peak
voltage of the output wave.

The time taken to charge the capacitqrfilom voltage V to V is t; =

%(vH -V, ) and time taken to discharge capacitqrf@m Vy to V_ ist =
Q

%(vH -V, ), where } is the current source with assumption that boghlokver
Q

and upper current source are sourcing same curfdmd. period T of the

oscillator is equal to the sum of the charging disg¢harging, which is

2C,

T=20y, -v,) (16.32)

Q

Source currentg can be proved to be equal |@=%. Thus, subtituting

1

this equation into equation (16.32) yields the getf the oscillator as equal to

2C,R,

T=-——"11 _
(Vcc _VCN)

vy -V (16.33)

Usually the value of Ris in the range between kand 20 K and a capacitor
C, of 0.001pF is connected to prevent internal oscillation. Vatie of (\j —
V) can be assumed to bed4.

One can replace & with an ac V, superimposed on dcc\ to get
frequency-modulated output with dgyas the control for center frequency and
dc Ven £ Ve as the control for lower and upper band-frequencie

16.7 Function Gener ator

A function generator is capable of producing sirsey square wave, triangular
wave. One of popular such device is XR-2206 fromARX Beside generating
sine wave and square wave, this device can beguoefl to produce pulse,
ramp function, and frequency shift keying functié8K. Student is encourged
ro obtain the data sheet of this device to studyci@pability of function
generation.
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16.8 Phase-L ock Loop

Let’'s consider a phase-lock laowhich is often using in the communication
circuit as the input frequency locker. There arenynather applications of the
phase-lock loop PLL such as used in FM stereo dasodracking filter FSK
decoder, and frequency-synthesized transmitterseasivers.

Phase-lock loop consists of a phase detector, @o&ss filter, and voltage
controlled oscillator VCO used to feedback to theage detector. The block
diagram of the phase-lock loop is shown in Fig2Z6.

> Phase Low-pass Voltage J
::) Detector > Filter :::‘ controlled —_:}
Oscillator Ouput
Input Freguency
Frequency

Figure 16.27: Block diagram of a phase-lock loop PLL

When the input frequency is not same as the freqyuenh voltage controlled
oscillator VCO, there is a phase difference detebtiethe phase detector. The
ouput of phase detector and the low-pass filterpmoportional to the phase
difference of the two signals. This proportionaltage is fed to VCO forcing its
frequency moves toward the frequency of incomiggai.

The phase detector circuit in PLL is basically meéir multiplier. If the
input signal Yis V, = V,; sin(2rfit + 6;) and output signal of VCOMs V, = V,,
sin(2rf.t + 6,), the multipled voltage ¥= Vi sin(2fit + 6;)xV,; sin(2rf.t + 6,)
of linear multiplier shall be

V_V
—P—2 cod (21t +6,) — (21t +6,)]

Ve 2 (16.34)
_%COE[(ZT[fit + ei ) + (ZT[fOt + eo)]

When the PLL is locked i.é.= f,, equation (16.34) becomes

A A
Vd = pl2 = COS@i _eo) B pl2 . COS@'T[fit"'ei +eo) (1635)
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The second term of equation (16.35) contains treorse harmonic signal,
which shall be filtered out by the low-pass filt€hus, the control voltage fo
VCO is

V.V
Ve = %cos@i -0,) (16.36)

(6; -6,) is calledphase error. Thus, the output of filter is proportional to the
phase error.

The phase-lock loop has three modes of operatidrerVihere is no input
signal to the phase detector, the voltage conttakillator VCO is running at
a fixed frequency calledenter frequency f, corresponds to zero input voltage
that has characteristig(t) = f, + K,V (1), where K is the sensitivity of voltage
control oscillator VCO. The phase-lock loop is s@dbe infree running mode.

When there is input signal, the phase-lock loopsgaéo capture mode.
The frequency of the voltage controlled oscillatiranges continuously to
match the input frequency. Once the input frequeiscgqual to the output
frequency of voltage controlled oscillator, the g&dock loop is said to be
phase-lock mode.

The time taken for a phase-lock loop PLL to capthesincoming signal
is calledcapture time or pull-in-time. This time depends on the initial frequency
and phase differenc®;(- 6,) between Yand \, as well as the filter and other
loop characteristics.

The most commonly used integrated circuit PLL i9SE565. The center

) .. 12
frequency f, of the this chip i, = R C

1¥1

capacitor connected to pin (8) and pin (9) of thip cespectively.

. R, and G are external resistor and

The NE/SE 565 PLL typically can track and lock inhfrequency over
bandwidth+60% of the center frequen&y The lock range of the chipisf. =

8—f°. The capture range of the chipfis= fy —, Where G is the
Vee = Ver 2mx3.6x10°C,

capacitor connected betweenrd/and modulated output pin (7). Typically the
value of G is 1QuF.
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Exercises

16.1. State the principles for designing an oscillatad dnaw a block diagram
to illustrate the principles.

16.2. The amplifier shown in the figure has voltage g&in = 50, input
resistance R= 10kQ and output resistance, R 20@2. Find the resonant
frequencyf, and the values of R and Bhat will sustain the oscillation.

Ro

16.3. Describe how a Wien Bridge oscillator can get s&ft and draw a
diagram to illustrate how it gets self-start?

16.4. For the 555 timer circuit, R= 1.0KQ2, R, = 2.0k, and G, = 0.1uF.

I.  Calculate the cycle duty of this timer.
li. Show that the period T of this oscillator circug equal to
(R, +2R,)C
1.44
lii. Why the duty cycle of this oscillator is more tHz0967?
Iv. How to achieve duty cycle of less than 50%?

ext

16.5. The given circuit is a square wave generator. Etaration voltages of
the operational amplifier aeel0.5 volts, R=10kQ and G = 1uF, and V
is set to be 1/3 of ). Assume the charging and discharging of the
capacitor is linear.

I.  Prove that the period T of square wave isGR
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li. Find its amplitude.
li. Find its peak-to-peak voltage.

Rl
AN—

Uf —C Vout

A\
71
o

16.6. Describe how a 555 timer can be configured as dagel control
oscillator.

16.7. Describe how a 555 timer monostable multivibratorks.

16.8. A PLL is locked onto an incoming signal with frequg of 1.0MHz at
phase angle of 80The VCO signal is at phase angle of.2Dhe peak
amplitude of the incoming signal is 0.5V and thia¥€O output signal is
0.7V.

I.  What is the VCO frequency?
li.  What is the value of the control voltage being bedk to the VCO
at this point?
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