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8C - Small Signal Amplifier 

Design -
Design for Constant 

Mismatch, Effective Power 

Gain

The information in this work has been obtained from sources believed to be reliable.
The author does not guarantee the accuracy or completeness of any information
presented herein, and shall not be responsible for any errors, omissions or damages
as a result of the use of this information.
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1.0 Impedance Mismatch 
Factor
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Impedance Mismatch Factor (1)

• The Concept of Available Power PA.

• From the theory of maximum power transfer, when R1=Rs, X1= -Xs (or 
Z1=Zs

*) maximum power is transferred from the source to the amplifier.
This power is PA, the available power from the source.
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Impedance Mismatch Factor (2)

• When Z1≠ Zs
*, we have an impedance mismatch and Pin < PA.  The 

input power can be written as:

• M is known as the Impedance Mismatch Factor (IMF).

• The input power to an amplifier is the product of IMF and the Available 

Power.
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Invariant Property of Impedance 
Mismatch Factor (1)

• When a lossless network is inserted between source and port 1, 

Thevenin equivalent network can be used to find M at both ends of the 

network.
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Invariant Property of Impedance 
Mismatch Factor (2)

• We can represent the lossless network using Z parameters.  And using 

circuit analysis shows that M = M ’.  The details of the proof are shown 

in Chapter 5, Collin [2].

• Use                                                 to show that

Z11-Z12 Z22-Z12

Z12

M
ZZ

RR

ZZ

RR
M

T

T

s

s =
+

=

+

=
2

1

1
2

'
1

'
1' 44

Input

Matching

Network

September 07 © 2006 Fabian Kung Wai Lee 

8

Impedance Mismatch Factor Summary

• In general when there are N lossless networks connected in cascade:
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Relationship Between M and Input 
VSWR
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Input Mismatch and Transducer Power 
Gain (1)

• A VSWR1 near unity ensures that most of the power from the source is 

absorbed by the amplifier.  It is equivalent to requiring M1 = 1.  A VSWR1 that is 

greater than unity (or M<1) is termed input mismatch.

• As we have seen in Chapter 7, the actual power gain experienced by a system 

is PL/ PA which is the Transducer Power Gain GT.  

• From which we conclude that
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Input Mismatch and Transducer Power 
Gain (2)
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An amplifier with high 
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(VSWRin>>1), low GT.
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high GT.

Bottomline: A proper small-signal amplifier design needs to have high GP and 

Good input matching, VSWRin close to 1.

Bottomline: A proper small-signal amplifier design needs to have high GP and 

Good input matching, VSWRin close to 1.
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Input Mismatch and Transducer Power 
Gain (3)

• In general we could not set M1 = 1 due to conflicting requirements, for 
instance factors such as stability, low-noise competes with good 
matching requirement.  A small amount of input mismatch must be 
tolerated.

• To control the amount of input mismatch, Constant Input Mismatch 
Circles are plotted after the power gain is determined.

• To maintain a certain effective power gain, we usually specify the 
maximum VSWR1.  This can be converted into M1. 

• An amplifier can have a high power gain GP, but if the input mismatch 
factor M1 is small, only a small amount of power from the source network 
is absorbed by the input (Pin).  It is this power which is amplified and 
presented at the output of the amplifier.
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Constant Input Mismatch Circles (1)
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Constant Input Mismatch Circles (2)

• The radius and center of the Input Mismatch Circle for a particular ΓL

and M1 is given by Collin [2], Chapter 10:
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2.0 Design for Fixed GT and 
Input Mismatch
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Design for Specific Transducer Power 
Gain GT

• Usually we start by plotting the Constant Power Gain circles and fixing 

M1 (this would fix GT).  The constant GP circles determine the load 

impedance required.

• Once ΓL is determined, Γ1 is calculated and we could find the 

corresponding Γs that would give the required M1.  These values of Γs

would form a circle, known as Constant Input Mismatch Circle on the 

Smith Chart.

• The approach shown here complements the constant GP and GA

approaches in Chapter 8A.
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Example 2.1

• A FET amplifier has the following parameters: S11=0.8<-140o, 
S12=0.2<30o, S21=2.8<60o, S22=0.2<150o at 1.5GHz.  We would like to 
use this FET amplifier with GP= 10.79dB.  Assuming we can tolerate an 
input mismatch of VSWRin = 1.6, find a suitable load and source 
reflection coefficients.  Also work out the effective power gain of the 
amplifier.

• Solution…

• From S-parameter, the maximum stable gain GMS=|S21/S12|=14.

• Hence GP=10.79dB or 12 is within this limit.

• K=0.561 < 1, hence the amplifier is conditionally stable.
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Example 2.1 Cont...

SSC

LSC

Stable region for Γs

Stable region for ΓL

Γs Plane

ΓL Plane
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Example 2.1 Cont...

• From GP =12, we plot the constant power gain circle and determine a 

suitable load reflection coefficient ΓL.
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Example 2.1 Cont...

• For VSWR1=1.6
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Example 2.1 Cont...

Γs=0.48<2.48rad

Γs Plane

IMC

SSC

This point is 

chosen as it is 

farthest away from

SSC.
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Example 2.1 Cont...

• Computing Source and Load impedance:
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Example 2.1 Cont...

• The final block diagram:

GP=PL/Pin=12

FET

Amplifier

61.71

-j30.79

Zs= 19.24 + j14.81

PL

Worst case GT or Effective power gain =M1GP=12×0.947=11.364

What is the best

case GT ?
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