11.5 Introduction to Oscillator

An oscillator is a nonlinear electronic device consisting of active and passive circuit
elements which can generate sinusoidal or other periodic waves at a desired frequency.
In addition the frequency may be variable. It delivers an output voltage without any
external input signal. In this sense, it is a regenerative circuit of infinite gain. It
converts the d.c. power from the supply source to the output a.c. power. Oscillators
form the basic element of all signal generators. They are widely used in different

communication systems and laboratory test equipments..
- A great variety of oscillator circuits have been developed. If the output waveform

is sinusoidal then it is called sinusoidal oscillator. On the other hand, a m‘m“sm
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392 Fundamental Principles of ELECTRONICS

(or relaxation) oscillator produces square waves, triangular waves, sawtooth waves,
pulses etc. The circuits which generate square waves or pulses are usually called
multivibrators.  Oscillators may also be classified according to the particular active
device that makes oscillation possible. Thus we have negative-resistance oscillators
and feedback oscillators. The negative resistance arises due to negative slope of the
current-voltage characteristic of the active element. Unlike ordinary resistance, it does
not absorb but delivers power. In feedback oscillators a feedback voltage of proper
magnitude and phase is used as input such that it can sustain the output voltage.
Depending on the frequency range of operations oscillators may also be classified as
audio frequency (AF') oscillators, radio frequency (RF) oscillators etc. Sinuseidal
oscillators may also be classified according to the frequency determining linear passive
networks used in the oscillator. Thus we have tuned circuit (LC) oscillators, RC
oscillators and crystal oscillators. '

Regardless of its type and designation every oscillator must have the following basic
constituents :

(1) an internal amplifier

(2) either a positive feedback network or a suitable negative resistance effect
(3) amplitude limiting device and ‘

(4) frequency selective network.

Since an oscillator may be considered as an amplifier of infinite gain, an amplifier

. forms an essential component of any oscillator. A feedback loop (either external or
internal) enables the amplifier to get its input signal from its own output. Thus the
system becomes self-sustaining. In a practical oscillator, oscillation starts Wm‘m’ﬂ
amplitude and goes on increasing until the nonlinearities of the active elen:mtl“mm‘"it
the amplitude of oscillation and a steady state is reached. Since the amplifie }_a-n@i
feedback network may contain reactive elements the overall phase shift is a function ol
frequency. For oscillation to occur there is a precise phase requirement and hexme the
oscillator operates at a frequency satisfying the phase requirement. No external mgnal
is applied to an oscillator but the assumed input signal is provided by the ircui n@gﬁe
having a broad frequency spectrum. For this we require a frequency sel
which pjcks up the correct frequency component satisfying the phase reqt
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TABLE 7-6 Oscillator Types.

Types of components Freguency .
NN B Q POt o BV
x>p f { v of I'ypes of waveform

used oscillation generated

RC oscillator Audio frequency (AF) Sinusoidal é
LC oscillator Radio frequency (RF) Square wave
Crystal oscillator Triangular wave
Sawtooth wave, etc.

7-11-3 Frequency Stability

The ability of the oscillator circuit to oscillate at one exact frequency is called
frequency stability. Although a number of factors may cause changes in oscilla-
tor frequency, the primary factors are temperature changes and changes in the dc
power supply. Temperature and power supply changes cause variations in the op-
amp's gain, in junction capacitances and resistances of the transistors in an op-
amp, and in external circuit components. In most cases these variations can be
kept small by careful design, by using regulated power supplies, and by temper-
ature control.

Another important factor that determines frequency stability is the figure of
merit Q of the circuit. The higher the Q, the greater the stability. For this reason,
crystal oscillators are far more stable than RC or LC oscillators, especially at
higher frequencies. LC circuits and crystals are generally used for the generation
of high-frequency signals, while RC components are most suitable for audio-fre-
quency applications. Here we discuss audio-frequency RC oscillators only. We be-
gin with the sinusoidal oscillators. '

_7_- 12 PHASE SHIFT OSCILLATOR

Figure 7—18 shows a phase shift oscillator, which consists of an op-amp as the
amplifying stage and three RC cascaded networks as the feedback circuit. The
feedback circuit provides feedback voltage from the output back to the input of
the amplifier. The op-amp is used in the inverting mode; therefore, any signal
that appears at the inverting terminal is shifted by 180° at the output. An addi-
tional 180° phase shift required for oscillation is provided by the cascaded RC
networks. Thus the total phase shift around the loop is 360° (or 0°). At some
specific frequency when the phase shift of the cascaded RC networks is exactly

180° and the gain of the amplifier is sufficiently large, the circuit will oscillate

at that frequency. This frequency is called the frequency of oscillation, f,, and is

given by | ‘

P on 9 0.065
° " 2aVe6rc - RC

(1-22a)
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FIGURE 7-18 Phase shift oscillator and -its output waveform.

At this frequency, the gain A, must be at least 29. That is

or

For the derivation of Equation (7-22a) and ‘ ;

he. deriy 7- - -*
the circuit will produ_ce a sinusoidal waveforrn( i??':% l"if:r = Agpen_dlx C Thus_ :
and the total phase shitt around the circuit is exactly 36%0. %?; E{" d;gi?e‘:i galnuxesnggl

of oscillation, choose a capacitor C, and then calculate the value of R from Equa- ‘

Active Filters and Oscillators
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10 =3¢ T ;
tion ,(7 =2a). A desired output amplitude. however. can be obtai ;
back zeners connected at the output terminal obtained with back-to-

EXAMPLE 7-12

Design the phase shift oscillator of Figure 7-18 so that f, = 200 Hz
‘ : '

SOLUTION

7-13

Let C = 0.1 uF. Then, from Equation (7-22a),

_0.065
(200)(10°7)

= 3.25 k()

(Use R = 3.3k().)
To prevent the loading of the amplifier because of RC networks, it is necessary
that R, = 10 R. Therefore, let R, = 10R = 33 k(). Then, from Equation (7-22b),
Ry = 29(33 k{)) = 957 k)

(Use Ry = 1-M() potentiometer.)

When choosing an op-amp. type 741 can be used at lower frequencies
(<1 kHz); however, at higher frequencies, an op-amp such as the LM318 or
LF351 is recommended because of its increased slew rate.

WIEN BRIDGE OSCILLATOR

Because of its simplicity and stability, one of the most commonly used audio-fre-
quency oscillators is the Wien bridge. Figure 7-19 shows the Wien bridge oscil-
lator in which the Wien bridge circuit is connected between the amplifier input
terminals and the output terminal. The bridge has a series RC network in one arm
and a parallel RC network in the adjoining arm. In the remaining two arms of the
bridge, resistors R, and Ry are connected (see Figure 7-19). _

The phase angle criterion for oscillation is that the total p{xase §h|ft around
the circuit must be 0°. This condition occurs only when the bridge is balanced,
that is, at resonance. The frequency of oscillation f, is exactly the resonant fre-
quency of the balanced Wien bridge and is given by

1 920,059
Jo = 27RC RC
assuming that the resistors arc equal in value, and the capacitors are equal in value
in the reactive leg of the Wien bridge. At this frequen(;y the gain required for sus-
tained oscillation is given by

(7-23a)

A= =3

1
B

7-13 Wien Bridge Oscillator 299
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FIGURE 7-19 Wien bridge osciﬂdtor. 3 7 : ; _' ' l

That iS, : . . . Z b _ s W S .“hx E 3 _’4",";“" %
: i 3 e 3 TN T £

iy = 2R, soiug SAY b sisaiimiot (7'-13‘

For the derivation of EQUQﬁons (7;23.2.‘,1)';5“ : (7;23'5)' f fafitag 6 Bk
Wien bridge oscillator is designed using Equations (7. 235} & Appendix C. The
lustrated in Example 7-13, DR mg-qu“atlfQDS-:(12723,a),; and (7-23])), as il-

22 0308 Ja S ks : _‘,'i ST LS .%_%?

SOLUTION i 1A e s
Let C = 0.05 uF. Therefore, from Equai_iaﬁ (!J |
i
= r— — =112

- (5)(107)(965)
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Now, let R, = 12 k(). Then, from Equation (7-23b),
Ry = (2)(12kQ) = 24 kO
(Use Rr = 50 k() potentiometer.)
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7-15 SQUARE WAVE GENERATOR

—

In contrast o sine wave oscilllators, square wave outputs are generated when the
op-amp 18 forced to operate in the saturated region. That is, the output of the op-
amp is forced to swing repetitively between positive saturation +V_ (= 4+ _p,)
and negative saturation — V(= —V,,), resulting in the squure—wale:)utput. (()r(le
such circuit is shown in Figure 7-21(a). This square wave generator is also called
a free-running or astable multivibrator. The output of the op-amp in this ¢
will be in positive or negative saturation, depending on whether the differ
voltage v;; 1 negative or positive, respectively.

Assume that the voltage across capacitor C is zero volts at the instant the dc
supply voltages + V- and —V, are applied. This means that the voltage at the
inverting terminal is zero initially. At the same instant, however, the voltage v, at
the noninverting terminal is a very small finite value that is a function of the out-
put offset voltage V,,,r and the values of resistors R, and R,. Thus the differential
input voltage v, is equal to the voltage v, at the noninverting terminal. Although
very small, voltage v, will start to drive the op-amp into saturation. For example,
suppose that the output offset voltage V,,,; is positive and that, therefore, voltage
v, is also positive. Since initially the capacitor C acts as a short circuit, the gain
of the op-amp is very large (A); hence v, drives the output of the op-amp to its
positive saturation + V. With the output voltage of the op-amp at + V..o the ca-
pacitor C starts charging toward + V., through resistor R. However, as soon as

Ircuit
ential

“Qutput . Voltage across

voltage capacitor
Cl Va R . i ™ /vo V2
r vVVY ’ : £ '» oy ;
0.05 4F g i

741/351

Sl et /\ ]
) Al el g e el ; ;
. Vo & g

11,6 k2 (20-k§2 pot.) 7 - !
- ¢ / 1 n| ': B ‘,.
: 5 3 i : lv‘l ,_i k4 n‘_‘ +R2 l V'u| I |
v ; L LR ST T T

o

FIGURE 7-211 .‘ (.‘a.),, Square wuve Qen»erhtofl {b) Wave!d?m;.pfﬁ,’nuipgft{\fq_l&f@g?._._, dand

capacitor voltoge vy of__the square-wave generator.r
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is sli itive- tput of
+ 1 slightly more ositive-than vy, the ou )
G eive G —V,,. With the op-amp's

o a negative saturation, |
—V,,, the voltage V1 across R, is also neg-

ss capacitor
d to switch t
gative saturation,

the voltage v, acro
the op-amp is force
output voltage at n¢

ative, since
(7-25a)

— v, is negative, which holds the out-
he output remains in negative satura-
then recharges to a negative voltage
(b).] Now, as soon as the capacitor’s
he net differential voltage v;; be-
back to its positive sat-
+ V., voltage v; at the

( B Vsat)

Thus the net differential voltage vig = Vi
put of the op-amp in negative saturation. T
tion until the capacitor € discharges and

slightly higher than —v;. [See Figure 7-21
voltage v, becomes more negative than —vy, t
comes positive and hence drives the output of the op-amp

uration + V... This completes one cycle. With output at
noninverting input is
R

= ——(+
Uy R[ 4 Rz( Vsat) (7-25b)
The time period T of the output waveform is given by
2R, + R ' ‘
T = A 2
2RC In (————R2 ) | (7-263)
or \
i :
Jo (7-26b)

2RC In[ (2R, + Ry)/R,]

Egﬁagfo?h é71;éﬁt?r)r‘ierlii::sti:; tthst thelz frequen.cy of the output f, is not only a func-
* RC ti nt but also of the relationshi v '
example, if R, = 1.16R,, Equation (7-26b) becom:’:lsshlp betW§ ha FO" -

= 2
2RC

Equation (7-27) shows th e e
put frequency f,, and vi at the smaller the RC time cons igher
= ge“egat);d br;dtlr;c: :ersa, As with sine wave oscitﬁ:\lttt’jrt: et:‘u gglprhthe el
op-amp. An attempt to opqcr:t:),e wave generator is also set by thé sle g
the oscillator’s output to beco the circuit at relatively higher f B oo heR
me triangular, In practice gacl: i;evtél:teil;:ws ;auses,'_

» and non-

inverting terminal needs i
a series resj
current flow because the inputs of ﬂsl::l;n.c ¢ Rs 1o prevent excessive differontial

voltages. The resistance R pP-amp are subj
Ry used sho subjected to large differential
ek outiut Kelalewwing chn o Ogsgill:dlin tkﬂ or higher. A redg:c:;fm“ﬂ:l

e 7— : . _
ure 7-21(a) by using back-to-back zeners at ;h;' z:g:tﬁ;wﬁ:éf@mmqufﬁ

Jo 7-21

o et T
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SOLUTION

Use R, = 1.16 R, so that the simplified frequency Equation (7-27) can be ap-
plied. Let R; = 10 k(). Then

R, = (1.16)(10 k) = 11.6 k)

(Use R, = 20-k{) potentiometer.)
Next, choose a value of C and calculate the value of R from Equation (7-27).
Hence let C = 0.05 uF. By Equation (7-27),

1

R= oo Hae) - 0
Thus
R, = 10kQ
R, = 11.6 k() (20-k() potentiometer)
R = 10k()
B C = 0.05 uF

7-16 TRIANGULAR WAVE GENERATOR

Recall that the output waveform of the integrator is triangular if its input is a
square wave. (Refer to Section 6—12.) This means that a triangular wave genera-
tor can be formed by simply connecting an integrator to the square wave gener-
ator of Figure 7-21(a). The resultant circuit is shown in Figure 7-22(a). This cir-
cuit requires a dual op-amp, two capacitors, and at least five resistors. The
frequencies of the square wave and triangular wave are the same. For fixed R,,
R,, and C values, the frequency of the square wave as well as @q triangular wave
depends on the resistance R. [See Equation (7m26b).] As R is }ncreased or de-
creased, the frequency of the triangular wave will c_:lecrease*-on increase, respec-
tively. Although the amplitude of the square wave 1S constant (= Vi), the am-
plitude of the triangular wave decreases with an increase in its frequency, and vice
versa, [See Figure 7-22(b).] | e ;

" The input of integrator A, is a square wave, while its output is triangular
wave. However, Tor the output of A, to be a triangular wave requnms_that _
5R,C, > T/2, where T is the period of the square wave input. As a general rule,

R,C, should be equal to 7. To obtain a stable triangular wave, ;vit%é may alsobe

7-16 Triangular Wave Generator
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10 &0 -16V
11.6 kﬂ)
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(20- Rom _18V
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’ v
s ik
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ov I ;
|
I
I
-Vu‘ = -VEE - l
« T >
(b)

FIGURE 7-22 Triangular wave generator. (a) Circuit. (b) Its output waveform. A, and
A, dual opamp: 1458/353. ‘ ;

necessary to shunt the capacitor C, with resistance Ry = 10R, and connect =m.
offset voltage-compensating network at the noninverting terminal of A,. As with
any other oscillator, the frequency of the triangular wave generator is limited by

the slew rate of the Op-amp. Therefore, a high-slew-rate o uch as LM301
should be used for th : PEAR S S

: € generation of relatively higher frequencies. -
. Another triangular waye generator, which requires f '
shown in Figure 71-23(a). Th

; € generator consists of a comparator A, andaﬁ
integrator A,. The comparator A, compares the voltage at point P continuousk
;mth th:t:nver(t)lr\l,g l;l\put that is at 0 v, When the voltage at p goes slightly be
Ow or above 0 V, ¢ € output of A, is at the e o L RS SHENG P
respectively. g lhe n@ggt;ve o p"s*‘."“ satnmatm .
To illustrate the circui’s Operation; lst s setthe outexs e & T
: ) - o WS Bet the. ouiput of 4. at posit
T (% Vo) Thi V. 5 an nput ofthe Iy SR
Active Filters and Oscillators - iy
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(b)

FIGURE.7-23 Triangular wave generator, (a) Circuit. (b) lts waveforms. A; and A, dudl
op-amp: 1458/353.

A,, therefore, will be a negative-going ramp. Thus one end of the voltage-
divider R,~R; is the positive saturation voltage +V,, of A, and the other is the
negative-going ramp of 4,. When the negative-going ramp attains a certain value
~ Viamps point P is slightly below 0V; hence the output of A, will switch from pos-
itive saturation to negative saturation —V,, (= — V). This means that the output =
of A, will now stop going negatively and will begin to go positively. The oulput of «
A, will continue to increase until it reaches + Vg,.,.. At this time the pomt Pis
slightly above 0 V; therefore, the output of A, is swntched back to the po
uration level +V,,. The sequence then repeats. The output waveform}
in Figure 7-23(b). :
The frequencies of the square wave and the mangular wave are the
amplitude of the square wave is a funcnon of the dc supply voltage
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dc‘\\.lrct < l ) Z t: ‘:

A,. [See FiEUIYtC Zi—iﬁgiazﬁle frequency of the triangular wave can be determined as
The amplhitude :

i . Figure 7-23(b), when the output o‘f t_he cor;llparft‘(;r A, lztt}g;m;igl;
follows: From t1& ator A, steadily decreases until it reaches - il
output of 10 1/TLi;\izitcheszfrom +V,, to — V. Just before thlf ‘s;m mugSt = di
the output of A1 St " input) is O V. This means that e " Rame
lvhﬁ;r:;l:idffrgsqpkz and + V., must be developed across gy

elope S K7

sat

~Vaute _ +Vim
R2 R3
or
S (7-28a)
—VRamp Sl R3 ( sat

Similarly, + Vramp. the output voltage of A, at which the output of A, switches
from —V,, to + V,, is given by

R ;
¥ VRa.mp s R—i (—Vsat) : (7-28b)

Thus, from Equations (7-28a) and (7-28b), the peak-to-peak (pp) output ampli-
tude of the triangular wave is

Uo(PP) = t+ VRamp — (_VRamp)

(7-29)
R,
vo(PP) = (2) o~ (V)
3
where V, = |+ V| = |—V,,|. Equation (7-29) indicates that the amplitude of

the triangular wave decreases with an increase in R;.

The time it takes for the output waveform to swing from —Vigyy, 10 + VRamp

(or from + VRamp 10 = Viamp) is equal to half the time period 772. [See Figure T
23(b).] This time can be calculated from the integrator output equation, (6-23),
by substituting v; = — V., u, = v,(pp), and C = 0.

T2
v,(pp) = — £ J (=Virds
1~ Jy

|
TR N
2 =
__(_'3.9.
e
o AT
N
e SIS

Hence

Active Filters and Oscillators
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or

v,(pp)

= (2R,C))- T (7-30n)
st
where Ve = |+ V| = |=V,_|. Substitutin
v g the value of v,(pp) from Equation
-29), the time penod of the triangular wave is /i 3
4R,C\R,
T = ik -
R, (7-30b)
The frequency of oscillation then is
Ry
Jo = aRCiR, e

tguation (7-30c) shows that the frequency of oscillation f, increases with an in-
crease 1n R,.

The triangular wave generator is designed for a desired amplitude and fre-
quency f, by using Equations (7-29) and (7-30c).

For the 1458, V,,, = 14 V. Therefore, from Equauon (7—29), B

Ry ot o] o
R, (2)(14)
R,

R=7

Lanz—lom then R; = 40 k(). (UseaSO-knpotentionmer)

ﬁomEquanon(‘T-SOc), b i
WS
2 (4)(3.61 )0 m)

w Rlc " 0'51315 m ’Cj b g
A0kR.69 o.ospa-au,-w_, "’
7-23(a).] .
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7-17 SAWTOOTH WAVE

GENERATOR

7-18

waveforms 18 that the rise time
ual to its fall time. That 18, the same amount
ave to sWing from vaamp to +'VRamp as
[See Figure 7-23(b).] On the other'l.\and, -t.h.e s]awtoroth
and fall tuimes. That 1s, 1t m‘ay rise po?ltwe y m’dny
atively, or vice versa. The triangular wave ge{lerthr
£ Eioure 7 ted into a sawtooth wave 'generator by E;‘]]qu'?mr}g
tlt\'”:_i:"\'h‘ dc voltage into the mminvcrting,tcrminal of th'e m'tetgra‘t:){//%?.and 1:s-c‘:/an
he accomplished by using the potentiometer and conngctmg 1t to - dCC]eve] 2 ek
as shown in Figure 7-24(a). Depending on the R, setting, a certain c s in-
certed in the output of A Now, suppose that the output of A, 15 a squgn; wave
and the potentiometer Ry 1 adjusted for a certain dc level. This means that the

output of A, will be a triangular wave, riding on some dc level that is a function

of the R, setting. The duty cycle of the square wave will be determined by the

polarity and amplitude of this dc level. A duty cycle less than ?0% will _then cause
the output of A, to be a sawtooth. [See Figure 7-24(b).] With the wiper at the
center of R, the output of A, is a triangular wave. For any other position of the
R, wiper, the output is a sawtooth waveform. Specifically as the R, wiper is moved
toward — V5, the rise time of the sawtooth wave becomes longer than the fall
time, as shown in Figure 7—24(b). On the other hand, as the wiper is moved to-
ward + V., the fall time becomes longer than the rise time. Also, the frequency
of the sawtooth wave decreases as R, is adjusted toward + V- or — Vg How-
ever, the amplitude of the sawtooth wave is independent of the R, setting. :

\ce between the (riangular and sawtooth

ave 1s always ¢(
(or the triangular W

The differer
of the triangular W
of time is required
: : p
from - "Ilnm]) o \H;nnp"
waveform has unequal 11se

times faster than 1t falls neg
23(a) can be conver

VOLTAGE-CONTROLLED OSCILLATOR

In all the preceding oscillators, the frequency is determined by the RC time con-
stant. How'ever, there are appl‘ications, such as frequency modulation (FM) Ic'me. .
ﬁgﬁfﬁzg"ba",?,g"“f”ef” cy shift keying (FSK), where the frequency needs tobe
achieved in Zhe vg?tzge-?gnltggl%; (:)l:ig?ajgil?ség”mll voltage, This fmetin ‘S o
zﬁ:sc}s;icn?ﬁl;ﬂen A ‘typlcal example is the Signetics? ﬁégézg?g \?ggt&ﬁ:ﬁﬁrﬁ}
put voltage ?“fotlllli S?“%';-e wave and triangular wave outputs as a function btl-’) L
oscillation is degtermi ~d .t(b) 1s a block diagram of the 566. The frequeﬂcj’ o
V; anlied o e CO;‘; Y an external resistor R,, capacitor C,, and the voltz

. ol terminal 5. [See Figure 7-25 1» and the voltag
1s generated by alternately charging the external Capacitbicg“l]bTyh:n?chnr%:;?rs ;ﬁ

and then linearly discharging i

, ing it by another. [See Fi g s

diiilzggiet:]evels are determined by Schmitt trigger 'act%ggg']?};; 23(?})} Thﬁ_;_;chagge

5 § ™ iiare Wave onpul: Boththe output wa’vefé)fms a:e rbr:]l{t%m%ger .
e > buffered so
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A‘ "‘vl'A' [
ey |
/ b 0.06 uF
- Ak +V
(o
A‘ ATa Dz v )
40 k2 (56-1(9 pot.) : o o
95 R + Ve 74"
Rz .: 10 k2 ¢ H4 20 k$2 ...VE!
+Veo AN~V
Duty cycle
adjust
(a)

v, .

B °
oV \./ - Time (ms)
Rise T

:.";._tmq.__ __.4
time

(b)

FIGURE 7-24 Sawtooth wave generator. (a) Circuit. A, and A, dual op-amp:

1458/353. D, and D,: IN4735 with V; = 6.2 V. (b) Output waveform when
noninverting input of A; is ot some negative dc level.

the output impedance of each is 50 (2. The. typxcal amphtude of the mangum

wave is 2.4 V pp and that of the square wave is 5.4 V pp. Bl
Figure 7-25(c) is a typical connection diagram, In this arrangeme_m,‘the R.

combination determines the free-running frequency, and the control

terminal 5 is set by the voltage divider formed with R, and

age V. at tcrmmal 5 must be in the ranga

3 *-_-V_)-.:; vcls' +
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FIGURE 7-25 Voltage-controlled oscillator 5
diagram. (c) Typical connection diagram. (d)

where %H—V) SEVe £(+V)

and 2k <R, < 20k

le)

Corporation.)

312

+V
F“I
«
6 8
Current | Schmitt _| Buffer J15n.
sources “| trigger amplifier | 3
1
Buffer Agl\
amplifier 4
7 1
Tq
(b)
i FT T T T Thev=12volss
c =8
‘N 0
23
o=
1 +4
o e —
Z 2 s
o.
= 410 =
)
c s ; =
it .
S 46 7 -
9 4 «
S +4 s
= ST g o T s S5 i

(d)

66. (a) Pin configuration. (b) Block
Output waveforms. (Courtesy of Signefics
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where +V is the total supply voltage. The modulating
the capacitor C and must be <3 V pp. The fre
approximated by

signal is ac coupled with
quency of the output waveforms is

TR (7-31b)

where R, should be in the range 2 k{) < R, < 20 k(). For a fixed V. and con-
stant C,, the frequency f, can be varied over a 10:1 frequency range bthhe choice
of R, between 2 k() and 20 k(). Similarly, for a constant R,C, product, the fre-
quency f, can be modulated over a 10: 1 range by the control voltage V. In ei-
ther case the maximum output frequency is 1 MHz. A small capacitor of 0.001
wF should be connected between pins 5 and 6 to eliminate possible oscillations
in the control current source.

If the VCO is to be used to drive standard logic circuitry, a dual supply of
=5V is recommended so that the square wave output has the proper dc levels
for logic circuitry.

The VCO is commonly used in converting low-frequency signals such as elec-
troencephalograms (EEG) or electrocardiograms (EKG) into an audio-frequency
range. These audio signals can then be transmitted over telephone lines or two-
way radio communication for diagnostic purposes or can be recorded on a mag-
netic tape for documentation or further reference. For more information on VCO
applications, refer to Section 9-5.

SO } L R T 3 R ‘
i VIOUTA LGS 3OINER, %}‘3 N
a. Using the voltage-divider rule, the initial control voltage V at ten

PRI e L

e b
af,

e
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waveforms for Example 7-17.

Voltage A

AR ST
Sk
"

ampnen.
FIGURE 7-26 Input and output | I— Ll U “"U u L J l

b. The modulation in the output frequencies can be calculated from
(7-31b) by substituting for V, first 9.5 V and then 11.5 V, as follows:

_ @U2-95)
fo ™ 0T 1 ™ 4167 kHz

_ 02-115)

Thus the change in the output frequency is

41.67 kHz — 8.33 kHz = 33.34 kHz
+ During the positive half-cycle of the sine wave input, the control volta

Ve will increase, Therefore, according to Equation (7-31b), the frequ
of the output waveform wi ' i sitod will inerd

Jo
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