
1

EE 240B – Spring 2018

Advanced Analog Integrated Circuits

Lecture 5: Noise and SNR Analysis

Elad Alon

Dept. of EECS
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General Noise Analysis

• Method:
1) Create small-signal model

2) All inputs = 0  (linear superposition)

3) Pick output vo or io
4) For each noise source  vx, ix

Calculate Hx(s) = vo(s) / vx(s)    (…  io, ix)

5) Total noise at output is:

• Tedious but simple …
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Important Integrals
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Noise in a Real Circuit: RC

• Noise on the capacitor:

• Note that effective bandwidth is:

 
2

2

2

1
4

1

1
4

4

on B

B
oT B

v f k TR
sRC

k T
v k TR

RC C




  

ω1

4 4 2
o

of f
RC


   



3

EE 240B Lecture 5 5

Noise PSD
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Equipartition Theorem
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CS Amplifier Noise
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Optional: Two-Stage Amplifier
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Signal-To-Noise Ratio

• SNR:

• Signal Power (sinusoidal source):

• Noise Power (assuming thermal noise dominates):

• So:
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SNR versus Bits
• Quantization “noise”

• Quantizer step size:

• Box-car pdf variance:

• SNR of N-Bit sinusoidal signal

• Signal power

• SNR

• 6.02 dB per Bit
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SNR versus CL

• For a 1V sinusoidal signal at 100oC:

Bits SNR [dB] C

3.0 20 4.1 aF

6.3 40 412 aF

9.7 60 41 fF

13.0 80 4.1 pF

16.3 100 412 pF

19.6 120 41 nF

23.0 140 4.1 F
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SNR versus Power

• 1 Bit    6dB    4x SNR
• 4x SNR       4x  C
• Circuit bandwidth   ~gm/C    4x  gm

• Keeping V* constant   4x ID,  4x W

• Thermal noise limited circuit:
• Each bit QUADRUPLES power!

• Comparison vs. digital circuits…
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Input and Output Referred Noise
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Noise Example
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• Ignoring noise from R1, R2:

• “Ideal” feedback, why is vi,eq
2 > vn

2?
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Source Impedance


