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General classification of  IR detectors

The majority of infra-red detectors can be classified in three broad categories: photon detectors, thermal detectors and radiation field detectors.

In a photon detector the absorbed radiation excites electronic transitions within material and the observed electrical output signal results in some way from the changed electronic energy distribution. In the simplest case, a photoconductive detector, a change in resistivty results from an increased free carrier density. The basic excitation processes in a semiconductor are illustrated in fig. 1. For operation at wavelengths longer than about 3 μm the photon detectors are generally cooled below room temperature to reduce the competition from thermally induced transitions. The most sensitive IR detectors, at any wavelength, usually come in the category of photon detectors.

In a thermal detector the incident radiation is absorbed and changed the temperature of the material, the signal being observe as a change in some temperature dependent property of the material, e.g., a change in the internal electric polarization of the pyroelectric detector or, in the case of a thermistor, a change in the electric resistance. Since the radiation can be absorbed in a “black” surface coating, the spectral response can be very broad. Thermal devices are frequently operated at room temperature, even for far IR detection, but are usually less sensitive than photon detectors. Also because of their relatively long thermal time constants they cannot respond to such high-frequency modulations on the incident radiation.  

Detectors in the third category do not depend on thermal effects or on charge carrier generation but they respond directly to the radiation field. One example is parametric up-conversion in a non-linear optical material. In this case the incident IR radiation is mixed with shorter wavelength radiation from an intense laser source. Through the non-linear polarisability of the material, sum and difference frequencies are generated which can be detected. A second example is the use of an aerial structure together with the point-contact, metal-oxide-metal  (MOM) diode or a very small schottky-barrier diode as a non-linear “cat’s whiskers” circuit element, in a detection process directly analogous to the old “”radio receivers. Extremely fast detectors and harmonics mixers in the far IR and sub millimeter region have been demonstrated using GaAs and Ge Schottky barrier.

Operating principles of semiconductors detectors

1st. Extrinsic photoconductor

In an extrinsic photoconductor, carriers are excited from bound impurity states to free conduction states. In fig. 1.b we show electrons excited from donor states to the conduction band by radiation whose photon energy exceeds the impurity ionization energy, EA. During the life of the carriers, before they are recaptured, the change in the electrical resistance can be detected, see fig. 2a. Ge doped with Au, Hg, Cu, Zn, B, Ga or Sb was widely used for high performance detectors at wavelengths beyond 10 μm prior to the development of the narrow-gap semiconductor Hg1-x CdxTe. The principal disadvantages of the extrinsic photocoductor are the low optical absorption and the need to cool to temperatures below that of liquid nitrogen (77 K). The latter problem arises because of the very high capture cross section (~10-12 cm2 ) of the ionized centers for free electrons. Thus, when a small fraction of the impurity centers are thermally ionized, very short lifetimes for photogenerated carriers can result. Despite the stringent cooling requirements, for wavelengths in the band from 15 to 200 μm extrinsic photoconductors are the only convenient photon detectors, and they are widely used for space applications. For Silicon technology and the high solubility of the dopants of the interest. The longer wavelengths are obtained using shallow dopants in Ge and for the longest wavelengths the ionization energy Ge: Ga is decreased by the application of stress.

2nd. Intrinsic photoconductor            
The operation of an intrinsic photoconductor is illustrated in figs. 1a and 2a. Radiation with an energy greater than the forbidden energy gap of the semiconductor is absorbed producing an electron-hole pair, thereby modulating the conductivity of the material. The optical absorption is very much higher than in the extrinsic case, particularly for the direct energy gap materials. A second and most important advantage of the intrinsic devices is the higher operating temperature. This arises mainly because of the longer excess-carrier lifetimes that are obtained. for example, Hg1-xCdxTe devices for the 8-14 μm region, with an energy gap of about 0.1 eV, have lifetimes of several microseconds at 77 K and Hg1-xCdxTe devices for the 3-5 μm band can have lifetimes greater than 20 μm at 200 k. devices of this type are currently playing a major role in thermal imaging systems and in other applications.

3rd. Free-carrier photoconductor

The basis of the free carrier photoconductor is illustrated in fig. 1c. Radiation falling on a high-mobility semiconductor, such as InSb, induces intra-band transitions and increases the mean energy of the conduction electrons. Since the carrier mobility is a function of the electron temperature a change in conductivity may be observed. The device is usually operated at very low temperature, near 4 K, to reduce the rate of energy transfer to the lattice. At these temperature the predominant scattering is by ionized impurities and the effect of the radiation is to increase the mobility. This effect has mainly been used in InSb in the sub millimeter wavelength region where the free carrier absorption is high.                

4th. photoelectromagnetic detector
In a photoelectromagnetic (PEM) detector radiation is incident on the surface of the semiconductor and genrates electron-hole pairs by intrinsic absorption. A magnetic field, usually from a permanent magnet, is applied in the plane of the surfase, as shown in fig. 2b. as the optically generated carriers diffuse to the back surface they are deflected by the magnetic field, as shown, and the output signal across the ends of the device can be detected as an open-circuit voltage or as a short open circuit-current. The surfaces are prepared to give low surface-recombination velosity on the front surface and high recombination velosity on the back surface in order to maintain a high concentation gradient. The PEM effect has been more widely used as a techneque for studying recombination processes than as particle detector since it offers no advantages over photoconductive or  photovoltaic detector in cooled operation and suffers from the disadvantage of requiring a mgnet. In a high mobility semiconductor such as InSb, operated at room temperature, where the excess-carrier lifetimes are short, it has a larger signal than a photoconductor and has found some applications.

p-n junction detectors

A p-n homojunction detector is illustrated in fig.2c. Radiation inc
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