Lab 5: Electronic Oscillator
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Electronic Oscillator

B An electronic oscillator is a circuit that produces a periodic
signal, often a sine wave or a square wave

B Numerous applications: radio, communication, clock
signals for computers, etc
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Types of Oscillators

B Feedback oscillators

B Operated based on feedback ( E#Z ) ; we need to properly
design the loop gain and phase to produce oscillation

» Examples: the Wien-bridge oscillator, the phase-shift
oscillator, the twin-tee oscillator, etc

B Relaxation oscillators

» Also use feedback; usually use a mechanism to alternately
charge and discharge a capacitor through a resistor in
order to sustain oscillation

B Triangular, square-wave oscillator using Schmitt trigger
B An integrator is used in the feedback loop
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Type I: Feedback Oscillators
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oscillation frequency
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Cont’d

m Conditions (Barkhausen criterion) for producing oscillations ( &

=Z!):

B The phase shift around the feedback loop must be 0° (or 360°)
B The loop gain (voltage gain) around the feedback loop must be

at least 1
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Start-Up Conditions ( #E#xIEH )

K = b m Oscillation can be produced by
Vbp electronics noise or initial transient
\I\ Vout during power-on
.............. T2 = Operation:nital gain can be
greater than one to build up the

_ waveform, then decreases to one to
Y maintain the amplitude at the same

.......... — i level /\ /\
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AB>1 = AB=1
EE2245 & + T8 7 % 6 EECFELETSN

time




Example I: The Wien-Bridge Oscillator
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B Need to satisfy Barkhausen criterion
B Virtual short exists for the op-amp
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Cont’d:
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Replacing s = jo: _V'(i®) _ joRC

Vou(i©) ~ [1-©?R2C? )+ jo3RC

For now (believe me), the phase shift between V* and V,,, must be zero’f gt

EAIRE (REAvE—(EE4ifygain » M &= ) | therefore:

Vi(jo) _ jo-RC 1
Vyui(jo) jo-3RC 3

1-?R2C% = 0= = rad / sec .
RC

/

resonant frequency
EE2245 § & € B9 % ° EFCFEAETY A



Cont’'d: EBIR{Z{H -- Determine the Ratio of
R,/R,

B The resonant frequency in Hertz: f. = 1/(2zRC)
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Start-Up of Oscillations: Implementation

B [tis desired to have aloop gain A,-B > 1 to start up the
oscillation, then reduce the loop gain to one to sustain the
oscillation
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Build-up: AB>1 Afterward: A B =1
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Implementation of the Adjustable Gain
Using Zener Diodes

m B18F : back-to-back connected zener diodesfY{EF
1. EEFIEIRIF ( back-to-backiE#Ezener diodesEHEERK )
2. ECRELERAKMWIREZEMNTRV, 2% ( back-to-backiEi#Ezener
diodesSEHIEER/) - $HIE )
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Type Il: Relaxation Oscillator

B Note : the op-amp here works
like a comparator ( LE#Ezs) -
no virtual short exists between
V+and V; the outputis a

square wave R
1. WhenV* > V.V, is close N~
to Vppp C l
. Y v
2. When V* <V V., is close —= ND Vout
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VSS
N~
R

F

EE2245 § & € B9 % 13 EFCFEAETY A



Analysis

B Waveform of V+: R; and R; determine the value of V+, which sets
the level to compare with V.
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Cont’d
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Oscillation Frequency

B Please analyze the frequency based on the waveforms, and show the

result to a TA before your implementation
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Triangular, Square-Wave Oscillator

B Can be used to make a function generator
B Three important parts:
B Integrator : FHEED * EFHE=_AK
B Schmitt trigger : R=AKESZEERILRE - ERHKEL

B Inverter (IFIEFNSREE - BEIF) - #EZEAEBNABERETIRE
] ]‘ Q!
. . t
»| Integrator / » Schmitt Trigger / » Inverter /
With a negative : : Sustain the oscillation
sain Comparing signals (B Bintegratoriggains &9 )
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Integrator with a Negative Gain

| |
| |
R
Vi _ VO
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B The integrator is:

v, (s) 1

vi(s) sRC
Assume v, is constant:

1
:>v0(t)=16—R—Cvidt

— ivi -1
- RC J
Slgpe
B Given a square waveform, an
integrator produces a
triangular waveform
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Schmitt Trigger

mEE: V RIEERZE B Zlop-amplYIE R ( V(1) 1 e
A&EAvirtual short ) - EESESEV+ Mee o)
» SREA G A G 5RV-EOER 1

A4

m V, is either HIGH or LOW - with values

close to V 8k-V,
B Example: assumeR; = R,, V,=10V. -10
Then -
R 2
Vo, =+10V, V" = L v, =45V W
Rl + R2 Rl \ Vs
- V+ " VO
T e
am
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Cont’d

B A (v ) AR v (1) Vo) 1 period
triangular wave - RE R AI— ol ke =
#RAYintegrator 5
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B Schmitt triggerf9&i 4 K v+ A4 S v
B E = K (Here R;=R)) N\ /'VS J

m REEY  sraoEmey-a V(O 4 1peitd IS
S « R,/R, ratio 57 = A /' mERmintegrator
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Inverter

B Here, the op-amp is used as
a comparator to compare

input waveform with 0 V
(GND)
B Oscillation can not be
sustained without the ” 1 t
inverter
— \ VS
LN
ALV
_VS
YV GND
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Complete Schematic

|<— Integrator >|< Schmitt Trigger

—>|<— Inverter —>|

Feedback line

VS
-\>4_L
+ VO
A,

GND
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The LM348 Chip

B You will use it to implement
oscillators

B FOUR op amps are included
in one chip

m Power supply = £18V

m Caution: Try not to touch
the metal pins of the chip in
order to avoid damage due
to electrostatic charges
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