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• Bodger – (noun)

– A highly skilled itinerant wood-

turner, who worked in the 

beech woods on the chalk  hills 

of the Chilterns, in England

• Bodging (Br. Slang)

– an inexpertly or roughly done 

job, typically in the field of DIY.
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What are S- parameters? 

• Formal definition: 

• “S-parameters describe the response of an N-port network to 

voltage signals at each port”.

• They allow us to describe the properties of incredibly 

complicated networks as “black boxes”
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Some 1 and 2 –Port networks
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• For an RF signal (a1 or a2) incident on one port, some 

fraction of the signal bounces back out of that port, 

some of it scatters and exits other ports and some of 
it disappears as heat or electromagnetic radiation.

• S parameters are the familiar reflection and 

transmission coefficients 

• Transmission is related to gains and attenuations

• Reflection is related to VSWR and impedance   

2-port 

a1

Port1
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• In the diagram below, a and b represent the square 
root of power, so a1

2 is the power incident at port 1, 
b2

2 is the power leaving port 2, etc.

• The outputs can be related to the inputs by 

b1=s11a1 +s12a2

and 

b2=s21a1 +s22a2

2-port 
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b1=s11a1 +s12a2

and 

b2=s21a1 +s22a2

• Or for those of you who left school after 1973, as a 
matrix.

b1                 S11S12             a1

=                  x

b2       S21S22              a2

2-port 
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b1=s11a1 +s12a2

and 

b2=s21a1 +s22a2

• Now what happens when port 2 is terminated in Z0?

• That sets a2 = 0  

• s11 = b1/a1  i.e the input reflection coefficient

• s21=   b2/a1  i.e the forward transmission gain/loss

2-port 
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b1=s11a1 +s12a2

and 

b2=s21a1 +s22a2

• Now what happens when port 1 is terminated in Z0?

• That sets a1 = 0, and   

• s22 = b2/a2  i.e the output reflection coefficient

• s12=   b1/a2  i.e the reverse transmission  gain/loss

2-port 

a1

Port1
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So to summarise….. with network ports terminated in Z0

• S11 = input reflection coefficient

• S12  = reverse transmission coefficient (port 1/port 2)

• S21  = forward transmission coefficient (port 2/port 1)

• S22  = output reflection coefficient

• These include magnitude and phase angle 

2-port 

a1

Port1
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They are defined ….. with network ports terminated in Z0

so are
• Easy to measure 

– Device is terminated in system measurement impedance

– Termination is resistive and can be very accurate at SHF

– No tuning required to terminate in Z0

– Broadband swept measurements possible

– Can measure the device at the end of long coax leads

– Resistive termination is more likely to be stable

– Different devices can be measured on the same setup  

• Easy to use
– Overlay a Smith chart on a polar plot of s11 or s22 and you 

can read off the device Zin and Zout 
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• So what good to a designer is a measurement 
of a transistor terminated directly in 50 ohms 
then?

• In most case, the device does not “see” 50 
ohms 

Output 

match
50 ohmsDevice

Input 

match
50 ohms
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• This is where the Maths come in, (and I run for the 
computer!)

• From S parameters you can derive:
– Maximum available gain (Maximum stable gain). 
– Stability factors  
– Input and output impedances for a given gain
– Optimum match for best noise figure 

• And hence the input and output matching circuits

Output 

match
50 ohmsDevice

Input 

match
50 ohms
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Example - ATF-521P8  P HEMT @ 3.4GHz
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Easy!
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