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Noise in Electronics

• All modern measurement systems have 
electronic components

• Electronic components have inherent
noise

Why do electronic components 
have inherent noise?

• Electronic components are physical 
devices

• They are in contact with the environment 
at a finite temperature, and Equipartition
Theorem of statistical physics applies to 
them

• Electronic conduction is particulate,  
transmission of electrons are subject to 
random reflection and transmission 
events.
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Components
• Resitors: Produce noise due to the finite 

temperature, as a result of Equipartition
Theorem (thermal fluctuations)

• Ideal Capacitors and Inductors : 
No dissipation, and as a result of 

dissipation-fluctuation theorem No Noise

• Diodes: Noise due to the particulate nature 
of electrons and random transmission 
events.

Equipartition Theorem
• A system has an average energy of  kBT for 

each quadratic term appearing in its Hamiltonian
• i.e.

EACH DEGREE OF FREEDOM HAS A 
FLUCTUATION WITH AN AVERAGE TOTAL 

ENERGY OF kBT

Boltzmann Constant
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Equipartition Theorem
EACH DEGREE OF FREEDOM HAS A 

FLUCTUATION WITH AN AVERAGE TOTAL 
ENERGY OF kBT
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Equipartition Theorem
EACH DEGREE OF FREEDOM HAS A 

FLUCTUATION WITH AN AVERAGE TOTAL 
ENERGY OF kBT

TkBE B=〉〈+〉〈 2
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Per electromagnetic mode

Johnson Noise in a Resistor

)(42 BandwidthTRke Bn Δ⋅=〉〈

Can be understood in terms of 
Electromagnetic mode density in a certain 

bandwidth

Noise emf
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Johnson Noise in a Resistor

Number of modes in a frequency interval

Thermal power in a certain bandwidth

Johnson Noise in a Resistor

fTRkee Bnn Δ⋅=〉〈≈ 42

For example:

1 KOhm resistor at room temperature has 4 nV/sqrt(Hz) 
Noise voltage density.

Power delivered to a matched resistor is

P=kBT*Bandwidth
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Johnson Noise in a Resistor

fTRkee Bnn Δ⋅=〉〈≈ 42
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Johnson Noise in a Resistor
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Johnson Noise in a Resistor

fTRkee Bnn Δ⋅=〉〈≈ 42

* in

R
C (inevitable shunt capacitance)

Maximum bandwidth = 1.5 / RC

Shot Noise
Due to particulate nature of electrons

BandwidthIqin ⋅〉〈=〉〈 22

diode photodiode Zener diode
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Shot Noise

BandwidthIqin ⋅〉〈=〉〈 22

)()var(22 XEXx ∝==〉〈 σ

Due to particulate nature of electrons

Poisson distribution ???

BandwidthIqii nn ⋅〉〈=〉〈≅ 22

Shot Noise
BandwidthIqin ⋅〉〈=〉〈 22

BandwidthIqii nn ⋅〉〈=〉〈≅ 22
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Shot Noise
BandwidthIqii nn ⋅〉〈=〉〈≅ 22

Shot Noise
BandwidthIqii nn ⋅〉〈=〉〈≅ 22

* in
I

1/f noise

Full shot noise
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Shot Noise
BandwidthIqii nn ⋅〉〈=〉〈≅ 22

Can be partially suppressed if transmission events are 
correlated (i.e. not completely random)

Shot Noise
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Shot Noise
Can be partially suppressed if transmission events are 

correlated (i.e. not random)

Shot Noise
Can be ENHANCED as well
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Fano Factor
To characterize enhancement or suppression of noise, we can compare
It to a poisson variable. This is the so called Fano Factor

Large Fano factor : Enhanced Noise

F=1 means Poisson-like noise behaviour

Addition of noise voltages

〉〈+〉〈+〉〈=〉+〈=〉〈 21
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If the noise voltages are known to be UNCORRELATED

0 

Because they are not
correlated
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Operational Amplifiers

Can be used to do Analog Computation

Opamp circuits

Assume these voltages are the same and then solve
The circuit.
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Inverting Amplifier

GAIN = Vo/Vi= -Rf / Rin

Noninverting Amplifier
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Buffer 

Input can be high impedance (resistance) and output is low impedance

Integrating Amplifier

A similar circuit can be used as a low pass filter
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Differentiating Amplifier

A similar circuit can be used as a High pass filter

Logarithmic Amplifier

Diode IV relation
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Subtractor

R1 = R2 and Rf = Rg

Adder
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Transfer Function

H(w) = Vout(w)/Vin(w)

Operational Amplifiers
Frequency response (G(w)) depends on the choice of the amplifier

Shows how fast the op-amp can operate
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Operational Amplifier Noise
Noise properties depend on the choice of the amplifier

Operational Amplifier Noise
Noise properties depend on the choice of the amplifier
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Operational Amplifier Noise
Noise properties depend on the choice of the amplifier

Noise performance data can be found on the datasheet

Operational Amplifier Noise
Noise properties depend on the choice of the amplifier

Noise performance data can be found on the datasheet
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Operational Amplifier Noise
Noise properties depend on the circuit topology and element values

Use a circuit simulator to calculate frequency response and
Noise density.

http://focus.ti.com/docs/toolsw/folders/print/tina-ti.html

TINA SPICE

dB Scale

X Volts in dB = 20 Log10 X

If the variable to be converted to dB is a measure of Power
Then 

X Watts in dB = 10 Log10 X

Since 

Power = Voltage2

Above definitions clear misunderstandings

Then SNR in dB is the same if noise power or voltage is used

0 dB = 1, 20 dB = 10, 40 dB=100, 120 dB= 1,000,000
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Noise Figure of an Amplifier

Noise Figure, NF = SNRinput – SNRoutput

All SNRs are in dB scale

If 

F = SNRin / SNRout

and SNRs are absolute linear

NF = 10log(F) 

Noise Figure of an Amplifier
Noise Figure, NF = SNRinput – SNRoutput

Best you can do is not to add any noise, i.e. NF = 0 dB

Noise figure is sometimes specified in datasheets
For 50 Ohm input output resistance
Example
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Dynamic Range

The ratio of maximum measurable signal
To minimum measurable signal

Generally in dB

120 dB dynamic range means
Max. signal / Min. signal = 106

96 dB dynamic range means
Max. signal / Min. signal = 6x104

Analog to Digital Conversion

ADC
voltage

Binary numbers

N Bits  2N

1 2
2 4
3 8
4 16
8 256
12 4096
16 65536  
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Analog to Digital Conversion

N Bits  2N

1 2
2 4
3 8
4 16
8 256
12 4096
16 65536  

Divides full scale by 2N

Ex: Full scale -+ 5 V, 12 Bit ADC gives about 10 mV resolution
16 Bit gives 0.15 mV resolution.

Analog to Digital Conversion

N Bits  2N

1 2
2 4
3 8
4 16
8 256
12 4096
16 65536  Dynamic Range ~ 96 dB

Dynamic Range ~ 24 dB

Low bit ADCs are generally faster (can sample signals
at higher frequencies)
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Analog to Digital Conversion

After the ADC, digital processing can be used to filter
or manipulate the signal

(or just record it into your data file for future analysis)


