
SENSORS and TRANSDUCERS

? Microsensors in The Optical Energy Domain
– Examples of microsensors in the optical energy domain

– Semiconductor physics

– Photodiodes

– Phototransistors

– Charge-coupled image sensors (CCDs)

Klas Hjort, Materialvetenskap
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Optical Energy Domain - Spectrum
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Optical Energy Domain - Sensor Types
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Optical Energy Domain - Definitions
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Responsivity: Detectivity:

where η is the quantum efficieny: where the  NEP is the noise equivalent power:



Optical Energy Domain - Physics
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Optical Energy Domain - Physics
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Optical Energy Domain - Physics

? Interaction of electromagnetic radiation with semiconductors

– When a photon with energy Eph > hν = Eg coincides with a
semiconductor an electron-hole pair is generated

– The absorption is a function of temperature that can be described with

where: η - fraction of photons that coincide at the surface

α - absorption coefficient

– Bandgap distance

» Si - 1.15 eV

» GaAs - 1.43 eV
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Φ(x) = η ⋅ Φ0 ⋅ exp(−α ⋅ x)



Optical Energy Domain - Physics

? �Influence of tmperature and radiation on conductivity

In a p-n junction the number of electron-hole pairs per unit volume determines
the conductivity σ

The influence of temperature can be expressed in general as

where: n, p - density of charge carriers

µ - mobility of the charge carriers

The increase of conductivity due to the radiation can be expressed in general as
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Optical Energy Domain - Physics

? Interaction of electromagnetic radiation with semiconductors

EF - Fermi level

Eg - bandgap distance (Si - 1.15 eV, GaAs - 1.43 eV)
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Optical Energy Domain - Physics

10



Optical Energy Domain - Physics
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Generation of a voltage at a
pn-junction by creating an
electron-hole pair



Optical Energy Domain - Physics

? Direct- and indirect- bandgap materials
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Optical Energy Domain - Physics

? Direct- and indirect- bandgap materials



Optical Energy Domain - Physics
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Optical Energy Domain - Physics
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Phototransistors - bipolar



Charge-coupled image sensors (CCD)
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