
1(c) 2020 A.J.M. Montagne

Structured Electronic Design

EE3C11
Noise in Electronic Circuits

Anton J.M. Montagne



2(c) 2020 A.J.M. Montagne

Noise mechanisms



3(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

Noise mechanisms



4(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

noise-free
conductor

Noise mechanisms



5(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

+

-

noise-free
resistor

noise-free
conductor

Noise mechanisms



6(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

+

-

noise-free
resistor

noise-free
conductor

Shot noise
Noise current associated with a
DC current through a junction.

Noise mechanisms



7(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

+

-

noise-free
resistor

noise-free
conductor

Shot noise
Noise current associated with a
DC current through a junction.

Excess noise
Noise current resulting from fluctuations in conduction mechanism.

Noise mechanisms



8(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

+

-

noise-free
resistor

noise-free
conductor

Shot noise
Noise current associated with a
DC current through a junction.

Excess noise
Noise current resulting from fluctuations in conduction mechanism.

In junctions

Noise mechanisms



9(c) 2020 A.J.M. Montagne

Thermal noise
Noise in conductors caused by thermal (Brownian) motion (Brown 1828). 
Experimetally detected by Johnson (1928) and explained by Nyquist (1928). 

+

-

noise-free
resistor

noise-free
conductor

Shot noise
Noise current associated with a
DC current through a junction.

Excess noise
Noise current resulting from fluctuations in conduction mechanism.

In junctions In resistors

Noise mechanisms



10(c) 2020 A.J.M. Montagne

Drawing conventions



11(c) 2020 A.J.M. Montagne

+

-

V1 I1Z1

Drawing conventions



12(c) 2020 A.J.M. Montagne

+

-

V1 I1Z1

Fourier
Transform
of noise
voltage of V1

Drawing conventions



13(c) 2020 A.J.M. Montagne

+

-

V1 I1Z1

Fourier
Transform
of noise
voltage of V1

Complex impedance of Z1

Drawing conventions



14(c) 2020 A.J.M. Montagne

+

-

V1 I1Z1

Fourier
Transform
of noise
voltage of V1

Complex impedance of Z1

Fourier
Transform
of noise
current of I1

Drawing conventions



15(c) 2020 A.J.M. Montagne

+

-

+

-

+

-

V1 I1Z1 V1

Z1

V2
Equivalent circuit
after Norton-Thevenin
Transformation

Fourier
Transform
of noise
voltage of V1

Complex impedance of Z1

Fourier
Transform
of noise
current of I1

Drawing conventions



16(c) 2020 A.J.M. Montagne

+

-

+

-

+

-

+

-

V1 I1Z1 V1

Z1

V2

V3

Z1

Equivalent circuit
after Norton-Thevenin
Transformation

Equivalent circuit in which the voltage of V3 represents the total noise voltage 

Fourier
Transform
of noise
voltage of V1

Complex impedance of Z1

Fourier
Transform
of noise
current of I1

Drawing conventions



17(c) 2020 A.J.M. Montagne

Noise parameters



18(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system

Noise parameters



19(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise parameters



20(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise parameters



21(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature

Noise parameters



22(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Noise parameters



23(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Noise parameters



24(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio

Noise parameters



25(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise parameters



26(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise parameters



27(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise figure

Noise parameters



28(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise figure
dB measure for deterioration of the signal-to-noise ratio by a system:

Noise parameters



29(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise figure
dB measure for deterioration of the signal-to-noise ratio by a system:

Noise parameters



30(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise figure
dB measure for deterioration of the signal-to-noise ratio by a system:

Dynamic range

Noise parameters



31(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise figure
dB measure for deterioration of the signal-to-noise ratio by a system:

Dynamic range
dB ratio of maximum signal power and the noise power in the absence of a signal:

Noise parameters



32(c) 2020 A.J.M. Montagne

Equivalent noise bandwidth of a system
Bandwidth of a brickwall filter with pass-band gain equal to the maximum magnitude 
of the system transfer that  would produce
the same output noise power as the system:

Noise temperature
Apparent temperature of a noise source with available noise power P over bandwidth B:

Signal-to-noise ratio
dB ratio of (weighted) signal power and (weighted) noise power:

Noise figure
dB measure for deterioration of the signal-to-noise ratio by a system:

Dynamic range
dB ratio of maximum signal power and the noise power in the absence of a signal:

Noise parameters



33(c) 2020 A.J.M. Montagne

Noisy two-ports



34(c) 2020 A.J.M. Montagne

 
+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+
-

E F

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+
-

+
-

A B

C D

+

-

Noisy two-ports



35(c) 2020 A.J.M. Montagne

 
+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+
-

E F

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+
-

+
-

A B

C D

+

-

Noisy two-ports

- A noise-free two-port with 
  two noise sources
- Six representations: 
  4 port variables:
  * two independent variables
  * two dependent variables

Noise representation



36(c) 2020 A.J.M. Montagne

 
+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+
-

E F

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+
-

+
-

A B

C D

+

-

Noisy two-ports

- A noise-free two-port with 
  two noise sources
- Six representations: 
  4 port variables:
  * two independent variables
  * two dependent variables

Noise representation

Can be translated into each other
- Example 2.9
- Example 19.2



37(c) 2020 A.J.M. Montagne

Amplifier noise measurement



38(c) 2020 A.J.M. Montagne

Amplifier noise measurement

 
- Measure spectrum of the output noise for open and shorted input
- Calculate input noise sources from load impedance and A,B,C,D.



39(c) 2020 A.J.M. Montagne

Amplifier noise measurement

 
- Measure spectrum of the output noise for open and shorted input
- Calculate input noise sources from load impedance and A,B,C,D.

+

-

+
-

spectrum analyzer

Shorted input:
Input noise current does not 
contribute to amplifier output noise



40(c) 2020 A.J.M. Montagne

Amplifier noise measurement

 
- Measure spectrum of the output noise for open and shorted input
- Calculate input noise sources from load impedance and A,B,C,D.

+

-

+
-

+

-

+
-

spectrum analyzer

spectrum analyzer

Shorted input:
Input noise current does not 
contribute to amplifier output noise

Open input:
Input noise voltage does not 
contribute to amplifier output noise



41(c) 2020 A.J.M. Montagne

Amplifier noise design



42(c) 2020 A.J.M. Montagne

Amplifier noise design

Equivalent-input noise description is convenient at early stages of the design.



43(c) 2020 A.J.M. Montagne

Amplifier noise design

Equivalent-input noise description is convenient at early stages of the design.
 
Budgets for equivalent input noise sources can be determined 
without knowledge of amplifier circuit.



44(c) 2020 A.J.M. Montagne

Amplifier noise design

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

Equivalent-input noise description is convenient at early stages of the design.
 
Budgets for equivalent input noise sources can be determined 
without knowledge of amplifier circuit.



45(c) 2020 A.J.M. Montagne

Amplifier noise design

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

Noise figure
equivalent-input notation:

Equivalent-input noise description is convenient at early stages of the design.
 
Budgets for equivalent input noise sources can be determined 
without knowledge of amplifier circuit.



46(c) 2020 A.J.M. Montagne

Amplifier noise design

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

Noise figure
equivalent-input notation:

Equivalent-input noise description is convenient at early stages of the design.
 
Budgets for equivalent input noise sources can be determined 
without knowledge of amplifier circuit.



47(c) 2020 A.J.M. Montagne

Amplifier noise design

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

Noise figure
equivalent-input notation:

Equivalent-input noise description is convenient at early stages of the design.
 
Budgets for equivalent input noise sources can be determined 
without knowledge of amplifier circuit.

Squared magnitude of
weighting function that
models the sensitivity of
the observer as a function
of frequency



48(c) 2020 A.J.M. Montagne

Amplifier noise design

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

Noise figure
equivalent-input notation:

Equivalent-input noise description is convenient at early stages of the design.
 
Budgets for equivalent input noise sources can be determined 
without knowledge of amplifier circuit.

Squared magnitude of
weighting function that
models the sensitivity of
the observer as a function
of frequency



49(c) 2020 A.J.M. Montagne

Source transformation techniques



50(c) 2020 A.J.M. Montagne

+

-

1

2 2

1

Thévenin / Norton
equivalent networks

Source transformation techniques



51(c) 2020 A.J.M. Montagne

+

-

1

2 2

1

Thévenin / Norton
equivalent networks

Blakesley voltage shift

Source transformation techniques

+

-

n



52(c) 2020 A.J.M. Montagne

+

-

1

2 2

1

n

+

-

+

-

Thévenin / Norton
equivalent networks

Blakesley voltage shift

Source transformation techniques



53(c) 2020 A.J.M. Montagne

+

-

1

2 2

1

1

2 3

Thévenin / Norton
equivalent networks

Blakesley voltage shift Current split / redirect

Source transformation techniques

n

+

-

+

-



54(c) 2020 A.J.M. Montagne

+

-

1

2 2

1

n

+

-

+

-

1

2 3

Thévenin / Norton
equivalent networks

Blakesley voltage shift Current split / redirect

Source transformation techniques



55(c) 2020 A.J.M. Montagne

+

-

1

2 2

1

n

+

-

+

-

1

2 3

Thévenin / Norton
equivalent networks

Blakesley voltage shift Current split / redirect

Equivalent two-port representations

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

Source transformation techniques



56(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

+

-

amplifier
input
port

Signal source

Source admittance

Noise associated with
source admittance

Noise associated with
parallel admittance

Parallel
admittance

Series impedance
Noise associated with
series impedance

Equivalent-input
voltage noise

Equivalent-input
current noise



57(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

+

-

amplifier
input
port



58(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

+

-

+

-

+

-

+

-

amplifier
input
port



59(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

+

-

+

-

+

-

amplifier
input
port



60(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

+

-

+

-

+

-

amplifier
input
port



61(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



62(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



63(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



64(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



65(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



66(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



67(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



68(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



69(c) 2020 A.J.M. Montagne

Impedances in the signal path

+

-

amplifier
input
port



70(c) 2020 A.J.M. Montagne

Impedances in the signal path

amplifier
input
port



71(c) 2020 A.J.M. Montagne

Impedances in the signal path

amplifier
input
port
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with the signal path increase the
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