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Radio-Frequency IC Design

ELEC 404
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Lecture 5: 

Noise Factor
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Classical 2-Port Noise Theory

• Why both en and in?

•  

•   

• For any arbitrary Ys, both contribute

• en and in may be correlated with each other

• is considered independent (uncorrelated) from en 

and in. 

Noisy 
2-Port

Noise-free 
2-Port

ഥ𝑖𝑛
2

𝑒𝑛
2

Ys𝑖𝑠 Ys𝑖𝑠
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Noise Factor

• Noise current input to the 2-port network

• Noise Factor:

Noise-free 
2-Port

ഥ𝑖𝑛
2

𝑒𝑛
2

Ys𝑖𝑠

𝑖 = [𝑖𝑠 + (𝑖𝑛 + 𝑒𝑛𝑌𝑠)
𝑌𝑖𝑛

𝑌𝑠 + 𝑌𝑖𝑛

𝐹 =
𝑇𝑜𝑡𝑎𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑛𝑜𝑖𝑠𝑒 𝑝𝑜𝑤𝑒𝑟

𝑂𝑢𝑡𝑝𝑢𝑡 𝑛𝑜𝑖𝑠𝑒 𝑝𝑜𝑤𝑒𝑟 𝑑𝑢𝑒 𝑡𝑜 𝑠𝑜𝑢𝑟𝑐𝑒 𝑜𝑛𝑙𝑦
=

𝑖𝑛𝑜,𝑡𝑜𝑡𝑎𝑙
2

𝑖𝑛𝑜,𝑠𝑜𝑢𝑟𝑐𝑒
2

=
𝑣𝑛𝑜,𝑡𝑜𝑡𝑎𝑙

2

𝑣𝑛𝑜,𝑠𝑜𝑢𝑟𝑐𝑒
2

𝐹 =
𝑖𝑠 + (𝑖𝑛 + 𝑒𝑛𝑌𝑠) 2 𝑌𝑖𝑛

𝑌𝑠 + 𝑌𝑖𝑛

2

𝑖𝑠
2 𝑌𝑖𝑛

𝑌𝑠 + 𝑌𝑖𝑛

2 =
𝑖𝑠

2 + 𝑖𝑛 + 𝑒𝑛𝑌𝑠
2

𝑖𝑠
2

= 1 +
𝑖𝑛 + 𝑒𝑛𝑌𝑠

2

𝑖𝑠
2

𝐹 = 1 +
𝑖𝑢 + 𝑒𝑛(𝑌𝑠 + 𝑌𝑐) 2

𝑖𝑠
2

= 1 +
𝑖𝑢

2 + 𝑒𝑛
2 𝑌𝑠 + 𝑌𝑐

2

𝑖𝑠
2

A

𝑋 + 𝑌 2 = (𝑋 + 𝑌)(𝑋 + 𝑌)∗= 𝑋 2 + 𝑌 2 + 𝑋𝑌∗ + 𝑌𝑋∗ = 𝑋 2 + 𝑌 2 + 2𝑅𝑒(𝑋𝑌∗) 
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Noise Factor – Some Comments

• en, in, and iu, Yc 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 = 10log10(F) in dB

• F is defined with respect to a source impedance.
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Noise Factor as SNR Ratio

• Na= Input-referred noise power of the amplifier

• Ap = Available power gain of the amplifier 

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

A

+ Ap

Na

NsNoisy 
2-Port

Ys𝑖𝑠


AApS

𝐹 =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑜𝑖𝑠𝑒 𝑝𝑜𝑤𝑒𝑟

 𝑛𝑜𝑖𝑠𝑒 𝑝𝑜𝑤𝑒𝑟 𝑑𝑢𝑒 𝑡𝑜 𝑠𝑜𝑢𝑟𝑐𝑒 𝑜𝑛𝑙𝑦
=

𝑁𝑎 + 𝑁𝑆

𝑁𝑠

=
𝐴𝑝(𝑁𝑎 + 𝑁𝑆)

𝐴𝑝𝑁𝑠

𝐹 =
𝑆𝑁𝑅𝑖𝑛

𝑆𝑁𝑅𝑜𝑢𝑡
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Cascaded Network Noise Factor

• Assume all input and output impedances equal

• First few stages must be low noise

• Loss in first few stages amplifies noise

A

+ Ap1

Na1

Ns

A

+ Ap2

Na2

A

+ Ap3

Na3

Nout

𝐹 = 1 +
𝑁𝑎1

𝑁𝑠

+
𝑁𝑎2

𝑁𝑠𝐴𝑝1

+
𝑁𝑎3

𝑁𝑠𝐴𝑝1𝐴𝑝2

= 1 + 𝐹1 − 1 +
𝐹2 − 1

𝐴𝑝1

+
𝐹3 − 1

𝐴𝑝1𝐴𝑝2

𝑁𝑜𝑢𝑡,𝑡𝑜𝑡𝑎𝑙 =

𝑁𝑜𝑢𝑡,𝑠 =
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