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Typical Analog Receiver--LNA

Desired is a large dynamic 

range, that is:
• Low noise figure

• Large signal ability: IIP3, IIP2, P-1dB

• Good input and output match

• Low dc power required

Reality
• dc input vs. power handling

• Best noise bias not good power

• Noise and gain match impedances

are not the same. Also, matching for

maximum power output lowers gain, 

hurts overall noise figure.  

Why is LNA design such a pain?

Are some devices better than others? 
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Simple FET
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A SIMPLIFIED FET NOISE MODEL*
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•The input noise comes from the loss of the gate-source R-C.
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(Ref 3, 4, 5, 11)
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Note that the input capacitance, Cin, for noise matching is about Cgs+Cgd,
But, the voltage gain of the FET makes the gain match Cin= Cgs+VG Cgd
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•The input noise comes from the loss of the gate-source R-C.

LNA-TECH 1.5

F =  1 +  g1 /Gs +  (Rn/Gs)*(Gs + g1)
2

Gsopt=g1* (1+1/A) = g1*(Fmin+1)/(Fmin-1),    where A=g1 Rn

in = 1/Fmin   (with no source feedback inductance)
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Beware of 

active loadsin

•Rn, the source of  output noise is frequency independent.
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(Ref 3, 4, 5, 11)
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F 1 + g1/Gs + Rn*Gs     for low NF, g1<<Gs

Common source vs common gate? Same optimum source Z.
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Final Comments on Transistor Noise

•The high input Q of a low noise FET makes the Q of the input 
tuning inductor very important. Small FETs large inductor 

parasitics, low Q

•Bipolar transistors have higher Gm at low current, Therefore, 

small, low I bipolar transistors are much easier to match.

•For example the 50 ohm, untuned performance—

• 20 GHz Ft MOSFET   1.2mA for 3dB NF

• Bipolar transistor    .25mA for 3dB NF

•Bipolar transistors have a shunt resistor, r across their input 
that limits their low frequency current gain to , and their noise 

performance to F=1+1/

•What about induced gate noise, noise correlation, and all that 

other stuff? They matter some, but the basic ideas are still the 

same, with the optimum noise match impedance shifted from 

these simple calculations.


