An optical instrument used to measure changes in the polarization state of a polarized light beam after reflection from a surface or film under study. With the instrument, information about the physical parameters of the surface or film can be obtained.

Elliptical polarimetry is a very practical optical technique that has been in use for over 100 years. In 1808, É.-L. Malus discovered the polarization characteristics of reflected light. In 1889, P. K. L. Drude established the basic equations for elliptical polarimetry, laying the foundation for the development of the technique of elliptical polarimetry. As a non-destructive measurement method, it is extremely sensitive to small changes in the surface, e.g., it is able to detect adsorption or contamination on a clean surface with only a single molecular layer thickness. In particular, in recent years the combination of this technique with micro-computers has given a new lease on life to this traditional method by simplifying the measurement steps and making calculations quicker. It is widely applied in numerous fields such as physics, chemistry, materials and photographic sciences, biology, optics, semiconductors, mechanics, metallurgy and biomedical engineering.

[bookmark: ol1]Principles: When a light beam is incident obliquely on a surface or a thin film, the p-polarization component oscillating parallel to the incident surface and the s-polarization component oscillating perpendicularly to the incident surface will, under the boundary condition of continuity of the tangential component, have different optical reflection coefficients due to the incident medium, substrate, and film materials. The reflection amplitude and reflection phase of the p-polarization and s-polarization will be different when reflecting from the surface or film. In general, when the incident light is a beam of linear polarized light, a different amplitude attenuation and relative phase difference ∆ = δp - δs (δp and δs are the phase differences of the p-polarization and s-polarization, respectively) is generated between the p-polarization and s-polarization upon reflection from a surface or film. The trajectory of the end of the reflected light vector is an ellipse, known as an elliptical polarized light. The trajectory’s equation:



Where the p-polarization and s-polarization of the incident light have the same amplitude of 1, α1 and α2 are the amplitudes of the oscillations along the horizontal and vertical directions, respectively. This means that three independent quantities, such as amplitudes α1 and α2 and phase difference ∆, are necessary to characterize elliptical polarization. The polarization state can also be characterized by the Stokes parameters, which are parameters with the same physical dimension.

The Stokes parameters for a monochromatic plane wave are the following four quantities:



Only three of the quantities are independent because they are related by the following identity:

.

In a conventional compensating ellipsometer, the actual measurement is ρ, the ratio of the reflection coefficients of the complex amplitudes of the p-polarization and s-polarization of the sample.



ψ and ∆ are the elliptical parameters of the combination of the surface or film with the substrate. Since the parameters ψ and ∆ are functions of the optical constants of the surface or film, the optical properties of the surface or film can be determined by measuring the elliptical parameters.

In a modern photometric ellipsometer, the actual measurement is the variation of the intensity of the reflected light with the orientation of the rotating analyzer (or any other component), and the Stokes parameters are obtained through Fourier analysis. Assuming that the incident linear polarized light has a 45° orientation to the incident surface, the Stokes parameters and the conventional elliptical parameters ψ and ∆ are related as follows:



[bookmark: _GoBack]Elliptical polarized light


Types: The two most representative types of ellipsometers are compensating and photometric.

The most basic compensating (or extinctive) ellipsometer consists of a polarizer, a quarter wave plate (or compensator), a sample and an analyzer. The beam emitted from the light source passes through a rotatable polarizer and becomes a linear polarized light in a certain orientation. When it passes through a quarter wave plate with an orientation of 45° or 135° of the fast axis relative to that of the polarizer, it becomes an elliptically polarized light. The amplitudes of the p-polarization and s-polarization are equal, but the difference in their phases relative to the measured surface in the horizontal and vertical directions is determined only by the orientation of the polarizer, which can be varied from 0° to 360°. Therefore, by adjusting the orientation of the polarizer, the incident elliptical polarized light is reflected from the surface or film and then compensated into a linear polarized light. Finally, the polarizer is used to measure the orientation of the reflected linear polarized light based on the principle of extinction. The elliptical parameters ψ and ∆ can be determined from the readings of the orientation on the polarizer and analyzer. This extinctive ellipsometer provides the highest testing accuracy. A photometric ellipsometer is generally used to obtain the Stokes parameters of a sample by continuously rotating the analyzer (or compensator) and measuring the intensity of the reflected light that varies with the analyzer’s orientation. A polarization modulation ellipsometer, another type of photometric ellipsometer, uses electro-optical or piezoelectric technology to modulate the polarization state of a light beam. A photometric ellipsometer is suitable for fast measurement and has higher repeatability accuracy, but is generally less accurate than a conventional extinctive ellipsometer.
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