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Power Gain Definitions: Summary
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Types of 2-Ports To Consider
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Insertion Power Gain
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Transducer Power Gain
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Operating Power Gain
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Available Power Gain
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Maximum Available Power Gain

).(  tomatched *is*  impedanceinput Amplifier gensource Z Z

.  tomatched *is*  impedanceoutput Amplifier loadZ

oZ benot might or might  impedanceGenerator 

oZ benot might or might  impedance Load

.nor  neither   upon depends max Ls ZZG

.
generator from deliveredpower 

amplifier from availablepower 
     

/ ,,max



 deliveredgenaav PPG

exist.not may  MAGpossible benot may  matchingut input/outp usSimultaneo 

matchedoutput  andinput both gain with    hence

) and ( iff //:Note

max

,





G

ZZZZGPPPP *

outload

*

ingenTavgloaddeliveredgenava



class notes, M. Rodwell, copyrighted 2009

MAG Does Not Always Exist
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||S21||2 After Matching to Z0 = MAG Before Matching
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Mason's Unilateral Power Gain (1)
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Makes input-output coupling =0

   No interaction of input, output tuning networks

   mostly of historical relevance.

Mason's gain is invariant with respect to 

embedding the device in a lossless reciproc



al network.

It is the only* function of the DUT 2-port parameters

which is invariant with respect to such embedding

*except, of course, any other function which has a 1:1

mapping with U 

Mason's Unilateral Power Gain (2): Additional Points
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Singhakowinta's gain

0

5

10

15

20

25

30

35

10 100 1000

G
a
in

s
, 
d
B

Frequency, GHz

MAG/MSG common emitter

U

MAG/MSG common base

G
max,S

Gain Capability of Two-port Amplifiers
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Why Ga and Gp Matter:  Matching Network Design

Circuit simulators (ADS, etc) 

provide contour plots of Ga vs 

source  impedance and Gp vs load 

impedance.

These, the  Ga & Gp circles,  show 

the variation in transistor gain as 

generator and load impedance are 

tuned.

The center of these circles are the 

(generator, load) impedances 

required for maximum gain

S,opt L,opt

available gain operating gain

We can then separately design 

Input & Output Tuning Networks 

to provide these impedances...

...added to device,  the amplifier is realized

Caution: the above assumes that MAG exists; we must examine this critical point  in the next lecture
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Simple Matching Example: Unilateral Device Model

gsin

DSm
FET

match

in

ds

gs

m

ings

dsm

in

out

ds

gs

inm

dsgsmloadout

gsingsininin

outLinloadinava

gd

CZRj

ZRg
S

ff
f

f
S

R

R

C

g
f

f

f

RC

Rg

P

P

R
C

Ig
RVgRIP

CIVRIP

RRPPPPG

SC

load

)(1

)||(2
 ,inspection from while,

at    thenmatch,-impedance  weIf

42
  where

4

4
)2/(

/ and     

 because //

device. unilateral

0 0 model;  FETSimple

0

0
,21

2

2

max2

21

max2

2

max

22

2

22

22

22

2

max

12



























