
Semiconductor Diode Detectors 
Electron energy diagram – (electrons fall downward) 

conduction band 

carrier density 

ED, donors → n-type (e’s conduct) 

EA, acceptors → p-type (holes conduct) 

valence band 

pn junction 

Egap ≅ 1.2 V (Si) 

“Fermi level” 

p-type 
n-type 

V

EF (analogous to sea level) 

z 

C1Lec07- 1 
DHS 12/27/00 

open circuit 



Conductivity of biased diodes 
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Photodiodes 
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Avalanche Photo Diodes, “APD” 
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Avalanche Photodiodes, “APD” 
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Carrier-to-Noise Ratio, “CNR” 
for photon detectors 
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Carrier-to-Noise Ratio, “CNR” 
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CNR for constant-G photodiodes, photomultipliers 
( ) 

( )( ) ( )LDs 

2 
s 

PP 
CNR 

++η 

η 
= 

for photo diodes 
or PMT with 
constant G 

2 
nshot 
i 2 

nthermal 
i 

( )2 
sLsD 

s 
eGPPP1 

fP
CNR 

η++ 

η 
= 

For PD = T =0, or Ps → ∞; ideal quantum limit (denominator equals unity) 

In the quantum limit, we want large η and Ps, and small B 

Why not let RL → ∞? 
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CNR for variable-G avalanche photodiodes 
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CNR for variable-G avalanche photodiodes 
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CNR for variable-G avalanche photodiodes 
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Infrared Detection 

Types of electromagnetic detectors 

hf << kT “radio” 
hf >> kT “optical,” “visible,” etc. 
hf = kT “infrared” 
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Infrared Detection 
Bolometers (measure heat) 
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Responsivity S of a bolometer 
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Responsivity S of a bolometer 
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Bolometer noise sources 
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1) Can be recombination noise 
2) Johnson noise in R, R
3) Phonon noise via G
4) Photon noise (“radiation noise”) 



Johnson noise 
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Johnson noise minimization 
Bolometer equivalent circuit for 

RB JJV 
from bias and detector resistors: 
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Phonon noise 
Approximate intuitive analysis: 

For thermal phonons hf ≅ kT 

Say nR phonons s-1 

moving right, nL moving left 
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Photon shot noise 

Thermal radiation contributes photon shot noise 
Assume radiation comes from cavity attached to the detector 
Cavity has ni photons in mode i at energy Ei = hfi 

( )  [ ]= where p(n) = probability of 
n photons in each mode with frequency f; 

D is to be determined 
This is “Maxwell-Boltzmann” distribution for thermal equilibrium 

We seek 2 
nσ for a single mode, i.e. the variance of n 
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( )  [ ]= where p(n) = probability of 
n photons in each mode with frequency f, is to be determined 

This is “Maxwell-Boltzmann” distribution for thermal equilibrium 
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