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Shot Noise ( idealized)
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Shot Noise (idealized)

)1( period  theis  period Time
.incrementstimesmallconsider Now 

tittit
t

i Δ⋅+<<Δ⋅Δ
Δ

i d dihii dlf#Th)1
Then

Δ
.  periodother any  in emitted electrons of #  theof

tindependen iseachinemittedelectrons of # The )1
t

t
Δ

Δ

/

)()(electrons) ( 2)

t

kpkpkp tt ii

τ ⎞⎛Δ

== ΔΔ

yprobabilitofeachtrials)/(aretherebecause

)1(
/

                              )1/(
11

pt

pp
k
t tk

τ

τ τ

Δ

−⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛Δ
= −Δ

.y probabilitofeachtrials)/(are  therebecause   1pt τΔ



ECE594I notes, M. Rodwell, copyrighted 

Shot Noise (idealized)
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Shot Noise
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Shot Noise: Computing Power Spectrum
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Shot Noise: Computing Power Spectrum
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Shot Noise: Computing Power Spectrum
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Shot Noise: Computing Power Spectrum
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DC current and Noise Current
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Resistors don't have shot noise
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Resistor shot noise ? Reductio ad absurdum
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Shot Noise Example: Optical Receiver
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Shot noise in a thin Schottky diode
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Shot noise in a thin Schottky diode
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High-frequency diode shot noise : UV crisis again
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High-frequency diode shot noise : UV crisis again
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High-frequency diode shot noise : UV crisis again
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Shot noise in  a forward biased diode
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Forward biased diode as a  low-noise resistor

econductancequalofresistorathannoiselessproducesdiodebiased-forwardA

circuitequivalent:imageFinal
load. simple  withphotodiode of case simplified :images 2Next  

amplifier. optical dance transimpeof case real :images 2Left 
e.conductancequalofresistor a thannoiselessproduces diode biasedforward A

 260A100mV/ 26 giving A100 that so k100

circuit equivalent :image Final

Ω===Ω= rIR jbiasbias μμ

 260/2 A) 100(2~      )k100/(4~
,,,,

Ω==Ω= kTqSkTS
shotnshotnrnrn IIII μ

. 260 in photodiode  theloading insteadby  produced that half is This

 260/2~ :Total
,,

Ω

Ω≅ kTS
totntotn II



ECE594I notes, M. Rodwell, copyrighted 

Shot noise in  a reverse biased diode
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