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Light Detectors


There are two distinct photodetection mechanisms, the external photoelectric effect and the internal photoelectric effect. In the external photoelectric effect, the electrons are freed from the surface of a metal by the energy absorbed from an incident stream of photons. The vacuum photodiode and the photomultiplier tube are based on this effect. In the internal photoelectric effect, they are semiconductor junction devices in which free charge carriers (electrons and holes) are generated by absorption of incoming photons. There are two common devices using this phenomenon, the PIN photodiode and the avalanche photodiode.

Vacuum Photodiode and Photopmultiplier


These devices are not placed in operational fiber communications systems, although they can be useful in testing of fiber components. The high sensitivity of the photomultiplier makes it particularly helpful when measuring low levels of optic power. 


A vacuum photodiode is shown in the figure. A bias voltage is applied, making the anode positive and the cathode negative. With no light the current passing through the load resistor is zero and the output voltage is zero. When the cathode is irradiated with light, incoming photons are absorbed, giving up their energies to electrons in the metal. Some of these electrons gain enough energy to escape from the cathode. These free electrons move forward the anode, attracted by its positive charge. During this movement, positive charge is drawn through the external circuit to the anode, attracted by the approaching negatively charged electrons. In other words, current flows through the circuit.
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Vacuum photodiode


The photomultiplier tube (PMT) has much greater responsivity than does the photodiode because of an internal gain mechanism. Electrons emitted from the cathode are accelerated toward an electrode called a dynode. The first dynode attracts electrons because it is placed at a higher voltage that the cathode, typically 100 V or more. The electrons hitting the dynode have high kinetic energies. They give up this energy, causing the release of electrons from the dynode. An incident electron can liberate more than one secondary electron, thus amplifying the detected current. The current is amplified at each of the successive dynodes. Each dynode must be at a higher voltage that the preceding one in order to attract the electron.
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Photomultiplier


Photomultipliers are very fast. Some have rise times of a few tenths of a nanosecond. Their disadvantages include high cost, large size, high weight, and the need for a power supply providing hundreds of volts for bias.

PIN photodiode and Avalanche photodiode


A PIN photodiode is a depletion-layer photodiode and is probably the most common device used as a light detector in fiber-optic communications systems. The figure below shows the basic construction of a PIN diode.
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PIN photodiode


A very lightly doped (almost pure or intrinsic) layer of n-type semiconductor material is sandwiched between the junction of the two heavily doped n- and p-type contact areas. Light enters the device through a very small window and falls on the carrier-void intrinsic material. The intrinsic material is made thick enough so that most of the photons that enter the device are absorbed by this layer. Essentially, the PIN photodiode operates just the opposite of an LED. Most of the photons are absorbed by electrons in the valence band of the intrinsic material. When the photons are absorbed, they add sufficient energy to generate carriers in the depletion region and allow current to flow through the device.
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Avalanche photodiode

The figure shows the basic construction of an avalanche photodiode (APD). An APD is a pipn structure. Light enters the diode and is absorbed by the thin, heavily doped n-layer. A high electric field intensity developed across the i-p-n junction by reverse bias causes impact ionization to occur. During impact ionization, a carrier can gain sufficient energy to ionize other bound electrons. These ionized carriers, in turn, cause more ionization to occur. The process continues as in an avalanche and is, effectively, equivalent to an internal gain or carrier multiplication. APDs are more sensitive that PIN diodes and require less additional amplification. The disadvantages of APDs are relatively long transit times and additional internally generated noise due to the avalanche multiplication factor.

Characteristics of Light Detectors


The most important characteristics of light detectors are:

1. Responsivity. It is a measure of the conversion efficiency of a photodetector. It is the ratio of the output current of a photodiode to the input optical power and has the unit of amperes/watt. Responsivity is generally given for a particular wavelength or frequency.
2. Dark current. It is the leakage current that flows through a photodiode with no light input. Thermally generated carriers in the diode cause dark current.
3. Transit time. The transit time is the time it takes a light-induced carrier to travel across the depletion region. This parameter determines the maximum bit rate possible with a particular photodiode.
4. Spectral response. Spectral response is the range of wavelength values that can be used for a given photodiode. Generally, relative spectral response is graphed as a function of wavelength or frequency. Illustrative example of a spectral response is shown in the figure. It can be seen that this particular photodiode more efficiently absorbs energy in the range 800 nm to 820 nm.
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5. Light sensitivity. Light sensitivity is the maximum optical power a light detector can receive and still produce a usable electrical output signal. Light sensitivity is generally given for a particular wavelength in either dBm or dBu.
