SEMICONDUCTER LIGHT DETECTORS
A p-n photodiode acts as a photocell, the circuit is shown in this document. Outline the band profile of the diode for infinitely large RL for different levels of illumination.
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A photoresistor is possible; however, a photodiode is far more effective.
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[image: image3.png]PHOTOCELLS
* Operate in the photovoltaic mode
« Without an external power source
* Main usage - for energy conversion
* Example - amorphous-Si solar cells
o Efficiency: 10-15 %
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[image: image4.png]PHOTODIODES
* Essentially - p-n diode under the reverse bias
* Operate in the photoconductive mode
* Main usage - for the conversion of the optical signal
* Controlled current generator

REQUIREMENTS o Sensitive High responsivity
Low noise
* Fast Small rise time
e Linear response No saturation
« Spectral range To include1.3 - 1.55 um

However, the active layer in a p-n photodiode is the thin depletion layer.
Ineffective absorption High capacitance

A p-n photodiode is not very effective!




[image: image5.png]p-i-n PHOTODIODES

* A thick layer of intrinsic semiconductor
is sandwiched between n- and p-contact layers

Reverse

Due to the thick i-layer
the sensitivity improves dramatically.

Large reverse biases (< 100 V for Si)
may be required.

bias
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* Spectral response

17 strongly depends on the wavelength:

* Time response

Rise time 7 - time for the signal increase (or decrease) from 10% to 90%

Frequency of 3-dB damping (= working frequency):




[image: image7.png]NOISE AND SENSITIVITY

® Dark current - reverse leakage current due to minority carriers
The larger, the smaller Eg
Strongly increases with temperature
Typical values: fraction of nA to fraction of uA
Source of noise

o Sensitivity
The optical signal is distinguishable if the signal current
is larger than the dark current




[image: image8.png]MATERIALS FOR PHOTODIODES
* GaAs: Eg = 1.424 eV. Excellent for visible light, but not for 1.3 - 1.55 um
(transparent in this range)
* Si:works at 0.3 - 1.1 um (peak responsivity at 0.8 um). Very low noise.
* Ge: works at 0.5 - 1.8 ym (peak at 1.55 um). Higher noise.
* InGaAs: works at 1.0 - 1.7 um (peak at 1.7 um). Relatively low noise

Peak responsivity: Si-0.5 Amp / Watt

Ge-07A/W
InGaAs - 1.1A/W

Very effective for Optical Communications are

n-InP | i-inGaAs / p-InP double p-i-n heterostructure diodes
* Efficient absorption in the inner layer - high responsivity
* Low dark current - high sensitivity
* No absorption in the contact layers - low rise time



[image: image9.png]CIRCUITS FOR THE PHOTODIODE
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Photoconducting mode (V< 0): linear response
Photovoltaic mode (V,, > 0): saturation



[image: image10.png]CIRCUITS FOR THE PHOTODIODE (2)

Vout Photovoltaic mode (saturation)

Photoconducting mode

In an optical communication
system, the photodiode should
always be in the conductive mode

Current-to-voltage converter
with an operational amplifier

The diode is always in the
conductive mode.
Ve




