
Today’s topic: 
feedback in amplifiers 

Chapter 5 



Feedback in amplifiers allows to construct almost ideal 

amplifiers from the poorly controlled and very non-ideal 

transistors.  
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5.1 Model of negative feedback 
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Bandwidth and linearity 

When considering 3dB bandwidth, that of the ACL(f) is usually much larger than 
that of the open-loop gain A(f).  Note that it requires that feedback coefficient 
remains constant over the entire frequency range of consideration.  
 
The previous model is linear, hence requires that the amplifiers in the linear range 
of operation. Note              , so in feedback amplifier A is exposed to signal that are 
L times smaller than would the case without feedback, which makes it linear.   



5.2.1 Stability criteria 

Fortunately, stability can be check by using the loop gain L(s)=          , which can be 
obtained readily from circuit simulation.  
 
Assuming the feedback amplifier has a constant and well-controlled gain,  
 
 
 
 
A typical plot is shown in the next slide: please note the  
 
 
If                            , then the feedback amplifier is stable.  

Magnitude of L(s) 

Phase of L(s) 





5.2.2 Phase margin 
Phase margin provides a quantitative measure of how close a feedback system is to 
instability.  It also gives the designer important information on the frequency and transient 
response of the feedback amplifier.  
 
Definition of PM: 
 
We generally require a large phase margin between 45 and 90 degrees so that the 
feedback amplifier will not exhibit undesirable dynamic behavior.  In fact, >60 degrees is 
preferred to avoid large frequency peaking and transient ringing.  (see example 5.5 page 
212) 
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5.3 First and second order feedback system 
A practical amplifier has many poles and zeros, but it is often sufficient to model it with a 
simple first or second order transfer function.  
 
Also, it is most important to accurately understand the amplifier’s response for frequencies 
w<=wt, which determines the amplifier’s stability and in-band performance. Any 
zeros/poles at frequencies w>>wt may be neglected.  
 
In the plot of next slide, it can be seen that a first-order model is sufficient to model the 
behavior of feedback amplifiers when wt << wp2, wp3, wz1,… 
 
A second-order model is preferred when wt is close to wp2, wp3, wz1, … 
 
For cases where wt is even larger than wp2, wp3, wz1, …, even the second order model is not 
accurate. But fortunately, these cases will have little phase margin and therefore are NOT 
of interest in practical designs.  
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wt 
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5.3.1 First order feedback systems 

It is clear that first order feedback systems are absolutely stable with 90 degrees of PM 
for any L0 or wp1.  



Settling time 
The settling time performance of integrated amplifiers is often an important design 
parameter, which defines how fast the output settles to the steady-state and is related to 
the step response.  
 
Settling time is defined to be the time it takes for an amplifier to reach a specified 
percentage of the steady-state value when a step input is applied.  
 
 

May be subject to slew rate 
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Example 5.6 (page 216) 





5.3.2 Second order feedback systems 
Although first-order feedback system is best, practical feedback amplifiers generally have 
more than one pole, as multiple single-stage amplifiers are usually needed to achieve a 
large DC gain.  
 
 
 
 
It is assumed here that weq>wp1.  
 
A second order system is unconditionally (or absolutely) stable since a phase shift of -180 
degrees is never reached. However, the Phase Margin may be so close to 0 depending on 
L0, wp1 and weq.  
 

As wt=L0wp1=A0βwp1      wtaβ 

Dominant pole 

Unity gain frequency of OpAmp 

(5.34) 

(5.36) 
L0wp1 

Valid for first order 
model 



5.3.2 Second order feedback systems 



5.3.2 Second order feedback systems 

< 

< No freq. peaking 

No overshoot 

See (5.36) 
and (5.37) 



5.4 Finding loop gain 
From what we learned before, we can now analyze feedback amplifiers represented in 
small-signal models.  In order to do so, we must cast the circuit of interest to the model 
below.  
 
 
 
 
 
 
 
 
Unfortunately, this is often very difficult to do.  The main difficulty is to identify the open-
loop forward amplifier A and sometime feedback network is difficult to discern as well, 
especially some components are simultaneously involved in both forward amplifier and 
feedback network.  
 
For the inverting/non-inverting amplifier, where the OpAmp is not ideal, it is tempting to 
conclude that A is simplify the voltage gain of the OpAmp, but when A=0, the close-loop 
output is not 0 (due to division of Vs, Z1, Z2 and Zo, ZL).  In fact, the real A depends on not 
only OpAmp but also the above components.  
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5.4 Finding loop gain 
Relatively speaking, find β is easier, as it is simply the inverse of the closed-loop gain.  
 
 
Whereas there may be some ambiguity in defining A, the loop gain L is unique.  
 
 
 
 
 
In addition, the closed-loop frequency response can be obtained using loop gain only 
without referencing to A  as follows: 



5.4.1 A generalized method to find loop gain 

The loop gain obtained this way is an approximation as it neglects the possibility of signals 
circulating in the opposite direction around the loop. It is reasonable as long as the forward 
gain is much greater, which is generally the case for our feedback amplifiers to have large gain.  
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Example 5.8 (page 223) 
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Example 5.8 (page 223) 
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5.4.2 Non-inverting amplifier 
As in the inverting amplifier, the voltage gain of the OpAmp Av(s) is generally NOT to be 
considered as the open loop gain A(s) of the feedback amplifier, as the loading and non-
idealities of the OpAmp all have effects, especially the loading.  
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Example 5.10 (page 227) 

If 
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Example 5.14 (page 233) 
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Amplifier negative feedback types 
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Some practical feedback network in amplifiers 

 
• In practice, negative feedback network consists of resistor or capacitors , whose 

value is much more precise and stable than active devices (such as transistors). 
Then amplifier characteristics mainly depends on feedback network, thereby 
achieving precision and stability. 
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An example of feedback voltage amplifier 
 

• Real input and 
output impedance 
is different from 
what is predicted 
from the formula in 
the ideal case. But 
it is always a good 
initial guess. 

 

• You might need to 
try out multiple 
iterations to 
achieve a good 
design. 


