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6.2 noise analysis

Equivalent input noise voltage of amp:

determines 

the minimum input voltage of amp that can be amplified

(the min detectable signal)

Why do you need noise analysis ?
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1. What is noise ?

2. Noise of resistor

3. kT / C noise

4. Noise BW

5. MOSFET noise

6. Equivalent input noise voltage (concept, MOSFET)
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Noise: random process 

(instantaneous value in time domain cannot be predicted)

Noise: Average power (Pav) can be predicted

Razavi

What is noise ?
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Power spectral density (PSD) Sx (f ): 

Average power in one-Hertz bandwidth around frequency f

Razavi

What is noise ?
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LTI (linear time invariant) system with transfer function H(f)

Razavi

What is noise ?
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Power spectral density (PSD) Sn (f ):  Even function of f

Razavi

∫= dffSPowerV nn )()(|| 2

Two-sided PSD One-sided PSD

Can use either of these two 

(keep power the same)

What is noise ?
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Razavi

Correlated vs Uncorrelated signals

Razavi

Uncorrelated Signal

Amplitude: X sqrt(3)
Correlated Signal

Amplitude: X 3

What is noise ?
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6.2.1  thermal noise of resistor

E

Start End

net moving length 

Fig 6.2.1 Motion of an electron inside a resistor

Noise of resistor

Thermal energy of an electron : k T

Random motion

kTvm th ⋅=⋅⋅
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6.2.2  CkT / noise
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Fig 6.2.4  Output noise spectrum of RC low pass filter
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DDV

Fig 6.2.5 Sampling circuit using MOS switch
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kT/C noise
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Noise bandwidth : NBW
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6.2.3  Noise model of MOS transistor 

MOSFET thermal noise
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MOSFET flicker noise
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MOSFET flicker noise models
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Equivalent noise voltage of MOSFET
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Razavi

Equivalent input referred noise voltage determines

Min input voltage that can be amplified 
(min detectable input voltage)
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Razavi

Equivalent input noise voltage

6.2.4  Input referred noise voltage of single stage amp 
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Razavi

If only the noise voltage is attached at input,
for an infinite source impedance output noise = 0 : problem!

Source Impedance Zs = infinity (current source signal input)

Noise output = 0 even with a non-zero input noise voltage Vn,in

Equivalent input noise voltage
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Razavi

correlatedVandI inninn :..

Equivalent input noise voltage

For a general case of source impedance,
both a noise voltage and a noise current must be used.
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Razavi

0. =Sinn ZwithcalculatedbecanV

∞=Sinn ZwithcalculatedbecanI .

Equivalent input noise voltage
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Razavi

in

inn
inn Z

VI .
. =

correlatedVI inninn :..

Holds for CS amp

Equivalent input noise voltage
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Razavi

Equivalent input noise voltage

0. =Sinn ZwithcalculatedbecanV
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∞=Sinn ZwithcalculatedbecanI .
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Razavi

innin
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For general Zs

Equivalent input noise voltage

Not double counted
inninn IV ..
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Razavi

At low frequency

2

2
2

m

n
n g

IV =

Equivalent input noise voltage
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Razavi

Proof of 2
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Equivalent input noise voltage
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Razavi

Simple proof for a source grounded MOSFET
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Razavi

Proof of 2
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