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REVIEW
• Feedback method: Find β, R11 and R22 and then use feedback formula Af = 

A/(1 + Aβ) to find feedback gain.

• Stability: Loop gain Aβ determines stability of feedback amp.

• ΦM = 180° - ∑ arctan(f0dB/fp,i) : f0dB = f at which |T|=1 V/V

• gain margin = -|T(f-180°)|dB :  f-180°= f at which Φ = -180°

• |T|dB = |Aβ|dB = |A|dB - |1/β|dB : can be subtracted graphically
• graphical/approximate method using magnitude bode plot and phase 

equation
• exact method using magnitude and phase equations
• Phase equation: phase (at freq. f) = Φ = - ∑ arctan(f / fp,i) ; sum is over 

all poles at freqs fp,i. 
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The response of an op amp can be approximated with a 
dominant pole frequency f1 and a high-frequency pole f2 to 
account for higher order roots. (a) Assuming a0 = 105 V/V, 
f1 = 10Hz, and β = 1 V/V, find the phase margin ϕm if f2 = 
1MHz. (b) Find f2 for ϕm = 45° and for ϕm = 60°.
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Finding Aβ by opening the loop

•Given a circuit with feedback, you can calculate the loop gain  
T=Aβ(s) by

• finding A and β and multiplying, or

• opening the loop at a convenient point, and 

•take care of including loading effects, and 

•apply a test source Vt, calculate the return’s output voltage Vr 
and find T = - Vr / Vt

•Alternatively,  a current test source It may be applied, a return 
output current calculated to find T = - Ir / It
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Find the frequency of oscillation wo of this circuit, 
and the minimum value of R3 required for 
oscillation. Assume transistor gm=45mS and rds = ∞.
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Microelectronic Circuits - Fifth Edition    Sedra/Smith Copyright © 2004 by Oxford University Press, Inc. 15

Figure 13.5  A Wien-bridge oscillator with a limiter used for amplitude control.
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Figure 13.6  A Wien-bridge oscillator with an alternative method for amplitude stabilization.
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Figure 13.14  Complete circuit for a Colpitts oscillator.
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Figure P13.13
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Figure P13.21
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Figure P13.21  (Continued)
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Figure P13.22
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