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Many different types of photodetecting devices 

CMOS Image Sensor (CIS) X-ray sensor

Photomultiplier Semiconductor-based Photodetectors
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Photodetection in Semiconductor:

hu Currents

Materials for photodetection: Eg < hn

Absorption è Current Generation

Various methods for generating currents with photo-generated carriers:

Photoconductors, photodiodes, avalanche photodiodes …
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Figure 5.3

Sharp decrease in absorption
for photon energy < Eg

Pout/Pin = exp(gL) g < 0 è a = -g

Indirect bandgap semiconductor can absorb

Direct Indirect

Indirect cannot efficiently satisfy k-conservation for emission process

Indirect can satisfy k-conservation for absorption process

è Indirect semiconductors used for photodetectors (solar cells, image sensors)
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Photodetection efficiency  (Responsivity)R

Responsivity (R) vs. wavelength (l) for an ideal
photodiode with QE = 100% (h = 1) and for a typical
commercial Si photodiode.
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(Assume dark current is small)

Gain possible because 
photogenerated carriers go through photoconductor several times before disappear   

t : carrier lifetime
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Photoconductor

- Large gain 

- Very easy to make

- Speed limited by t

- Dark currents can be large
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Photodiodes: PN junction

exp( 1)s
qVI I
kT

= -
With light

phI-

Iph depends on where the light is incident

è Larger if closer to depletion region
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Photodiodes: PN junction

è Solar (Photovoltaic) Cell

Theoretically, max. conversion efficiency: 32.33%

Commercial solar cell conversion efficiency: < 20%
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Photodiodes: PN junction

Larger Iph if closer to depletion region 

Typically, the depletion width is very small ( < 1mm)

Iph max. if all photons incident in depletion region
due to built-in field

è Use PIN structure

phI = P q
hn

è PIN PD

int
P q
h

h
n
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PIN PD
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Figure 5.3
InGaAs, Ge: Long-distance optical fiber comm.  

GaAs: Short-distance optical fiber comm.

Si: Visible light detection

Galaxy Note 20 Ultra: 

12,000 x 900, each pixel 0.8mm 

CMOS Image Sensor (CIS)
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Avalanche Photodiode (APD)

Under high E-field, electrons and holes can have 
sufficiently high kinetic energies breaking bonds and creating new e-h pairs
(Impact Ionization)

PIN PD with gain?

è Gain by multiplying electrons and/or holes 

(avalanche: a large mass of snow, ice, earth, rock, or other material in 
swift motion down a mountainside)

è Very high sensitivity 

(Single photon detection possible)
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Applications: è LIDAR (Light Detection And Ranging) 
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Homework: (Due 12/6) 
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● Goals:  

Learn basic properties of light  

Learn how to control the light property for useful applications

- Final Exam: Dec. 9, Wed., 10-12 am 

- Discussion Session: Dec. 7, Mon., 10 am

- Final Exam Review: Dec. 14, Mon., 10 am


