Oscillator Circuits




I1. Oscillator Operation

For self-sustaining oscillations:
» the feedback signal must positive
« the overall gain must be equal to one (unity gain)
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If the feedback signal is not positive or the gain is less than one, then the oscillations will
dampen out.

If the overall gain is greater than one, then the oscillator will eventually saturate.

Steady-state envelope
limited by circuit saturation

Initial noise
voltage

Nonsinusoidal oscillations

because BA is not exactly 1 Nonsinusoidal waveform

due to saturation
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Types of Oscillator Circuits

Phase-Shift Oscillator
Wien Bridge Oscillator
Tuned Oscillator Circuits
Crystal Oscillators
Unijunction Oscillator




A. Phase-Shift Oscillator
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Feedback network

. _ 1 o
Frequency of the oscillator: fo= 22RC6 (the frequency where the phase shift is 180°)

Feedback gain #=1/[1—5a2—j (6a— &) | where =1/ 2zfRC)
Feedback gain at the frequency of the oscillator f=1/29

The amplifier must supply enough gain to compensate for losses. The overall gain must be
unity. Thus the gain of the amplifier stage must be greater than 1/B, i.e. A > 29

The RC networks provide the necessary phase shift for a positive feedback. They also
determine the frequency of oscillation.




Example of a Phase-Shift Oscillator

FET Phase-Shift Oscillator Vo

Rp
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Example 1

It is desired to design a phase-shift oscillator {as in Fig. 18.21a) using an FET having
Bm = 3000 uS, ry = 40 ki1, and (eedback cireuit value of & = 10 kil. Select the value
of C for vscillator operation at 1 kHz and Rp for A > 29 10 ensure oscillator action.

Equation ( 18.33) is used to solve for the capaciter value. Since f = 1/2R( VL we can
solve for C:

[
T 2aRIVE . (6.28)10 x Iﬂ'}ux mﬁ}"ﬁ‘iﬂ

Using Eq. (18.36), we solve for R, 10 provide a gain-of, say, A -ﬂfiﬁudium-aﬁ?
m_iﬁaﬂmg Imwnm R,_ :mﬁ thie fwzﬁﬂ mmwm 14

e
Bm 5000 x 10°°
Using Eq. (18.37), we solve for Rp = 10 kil.
Rpry ™
Rp +ry
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BJT Phase-Shift Oscillator
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Phase-shift oscillator using op-amp
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B. Wien Bridge Oscillator

Output
— e+ sinusoidal
signal
PR B
* 2m~NR,C,R,C,
ﬂ=&=Vd_V”= Z, _ R, _ 1 _ 1 R3 Rl C2
Vo Ve ZitZy RxRye 2oy By p=0 = R, R, C,
. . 4 2 1
V4 VA
7 ZZ ,i.e., —L should have zero phase at the oscillation frequency When R, = R, = Rand C, = C, = C then
174, 2
1 1 3
= and >2
So frequency of oscillation is |fo = Jo ’
quency 22./(R,C,R,C, 22RC 4
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Example 2

+V,
R € cc

v—f 7
SUKR 001 uF
Op-amp ——— Qutput

Ry @51k €3 2= 0001 uF = .
Ve
Ry
AN
300 k€2
Ry @& 100 kS

Calculate the resonant frequency of the Wien bridge oscillator shown above

1 1
fo= = 3 -9
22RC  27(51x10%)(1x107%)

it

=3120.7Hz

Design the RC elements of a Wien bridge oscillator as in Fig. 18.24 few operation at
fo = 10 kHz.

Using cyual values of R and C we can select 8 = 100 k1 and calculate the required value
of C using Eq. (18.42):
| 1 0"

C = — = = ]59 F
2af,R 6.28(10 x 0100 = 10%)  6.28 P

We can use By = 300 k] and Ry = 100 kil to provide a ratio R:/R4 greater than 2 for
oscillation 1o 1ake place. -
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C. Tuned Oscillator Circuits

Amplifier —_—
— X, X, —
X3
Reactance Element

Qscifator Type X, Xy i
Colpitts oscillator ¢ I
Hartley oscillater [ L. [

Tuned input, twned output Lo Lo

Tuned Oscillators use a parallel LC resonant circuit (LC tank) to provide the oscillations.

There are two common types:

* Colpitts — The resonant circuit is an inductor and two capacitors.
» Hartley — The resonant circuit is a tapped inductor or two inductors and one

capacitor.




Colpitts Tuned Oscillator Circuit

FET based Colpitts Oscillator ~ Vop
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Transistor Colpitts oscillator.
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Op-amp Colpitts oscillator.

—AAA
R, =100kQ
+Vee
v
R; =10kQ
Op-amp Output
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Hartley Tuned Oscillator Circuit

FET Hartley Oscillator "

1
Frequency of oscillations: =————, where
quency J0=5m L, C’

Leq=Ll+L2+2L12
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BJT based Hartley Oscillator
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D. Crystal Oscillators

The crystal appears to the rest of the circuit as a resonant circuit.
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Crystal Resonant Frequencies

The crystal has two resonant frequencies:

Series resonant: RLC determine the resonant frequency. The crystal has a low impedance.

Parallel resonant: RL and C,, determine the resonant frequency. The crystal has a high
impedance.

The series and parallel resonant frequencies are very close, within 1% of each other.
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Series Resonant Crystal Oscillator

FET Crystal Oscillator Vpp

RFC
I (] } I{ Output
XTAL Cg
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Parallel Resonant Crystal Oscillator

BJT Crystal Oscillator

RFC

R,
Output
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Crystal Oscillator using Op-amp
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E. Unijunction Oscillator

Vag

1
" Ry Cp n[1/(1-p)]

Frequency of oscillations: £,

where n = 0.4 t0 0.6
n is a rating of the unijunction transistor.
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Unijunction Oscillator Waveforms

Ve=Vp
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The unijunction oscillator (or relaxation oscillator) produces a sawtooth waveform.
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Unijunction transistor (UJT): basic construction.

p-n junction
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UJT — Unijunction Transistor
The UJT is also basically a switching device.

Schematic Symbol:

Ip
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UJT Basic Operation

Even though the UJT is a switching device it works very differently from the SCR variety
of devices.

B,
S +

L - I

The equivalent circuit indicates that the UJT is like a diode and a resistive voltage divider
circuit. The resistance exhibited by Ry, is variable; it is dependent on the value of current

IE.
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UJT Characteristic Curve

Ve

Cutoff i Ne_gauvc Saturation
—_— : resistance ———» ; ——
region region region
Ve 7 Peak point
Vgg =10V
Valley point
Ve (sat) N |7
Vy
of Ip Iy 50 Ig (mA)
lgo (RA)

A voltage is applied across the UJT (Vgg) and to the Emitter input (V). Once V¢ reaches a
peak value (V) the UJT begins to conduct. At the point where V¢ =V, the current I is at
minimum. This is the threshold value of V¢ that puts the UJT into conduction. Once
conducting, I increases and V decreases. This phenomenon occurs because the internal
resistance labeled Rg, in the equivalent circuit decreases as the UJT conducts more and

more. This is called negative resistance.
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