Radio-Frequency IC Design

Lecture 5:
Noise Factor
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Classical 2-Port Noise Theorx

. ' Noisy
L) L 2-Port
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- Why both e, and i,?
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Noise-free
2-Port
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___________________________________________________

* For any arbitrary Ys, both contribute
* e, and i, may be correlated with each other

* ig considered independent (uncorrelated) from e,
and I,..
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Noise Factor
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* Noise current mput to the 2- port network
+ (i, + en¥s
([
B Total output noise power  lnototal _ Vhototal
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X+Y]?=X+Y)X+Y)=|X[?+|V]? +XY*+YX* = [X]|? +|Y|? + 2Re(XY™)
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Noise Factor - Some Comments
e, I, and i,, Y. may be difficult to calculate and
measure

Referring voltages and currents to output (or

input) port at high frequency easier > F or NF is a
popular metric.

Noise Figure, NF = 10log,,(F) in dB
F is defined with respect to a source impedance.



Noise Factor as SNR Ratio

. ™ Noisy T
lSq) X | zport |
* N_= Input-referred noise power of the amplifier
* A, = Available power gain of the amplifier

= Power that the amplifier would deliver to a conjugate-matched load

r Total noise power _ Ng+Ns A ,(Ng+ Ng)
"~ noise power due to source only B N, B AN
o SNR,,
SNR,,;
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Cascaded Network Noise Factor

Assume aII mput and output |mpedances equal

Nout,total —
Nout,s -
Nal NaZ Na3 F2_1 F3_1
F=1+ + + =1+ (F,—-1)+ 4+
Ny N, NAyAy, ! Ay AyA,

* First few stages must be low noise
* Loss in first few stages amplifies noise
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