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Second generation, or thin film, photovoltaics (PV) technologies have achieved the lowest manufacturing costs in the PV industry (First Solar, Perrysburg OH USA, 1.12 $US/Watt in Q4 2007).  These technologies benefit from advanced optical analysis for characterization of multilayered thin film materials and deposition processes, specifically for determination of component layer thicknesses and dielectric functions.  From these data, predictions of the maximum achievable quantum efficiency of device structures are possible.  In this presentation, the current applications and future prospects of real time spectroscopic ellipsometry (RTSE) will be described for optical characterization of PV materials and devices during fabrication in the research laboratory as well for in-line monitoring during PV module production.  First, a review of the advances in instrumentation for multichannel ellipsometric spectroscopies will be presented.   Such instruments now provide spectra in the complete Stokes vector of the reflected light beam or the Mueller matrix of the sample in times as short as tens of milliseconds.  Second, the review will address the analysis of real time ellipsometric spectra acquired during film growth to obtain structural parameters and dielectric functions, as well as the analysis of the resulting dielectric functions in terms of parameterized models to deduce useful information on materials properties.  Recent applications to be discussed in this presentation involve (i) the analysis of thickness, grain size, strain, and sample temperature from the dielectric functions of polycrystalline CdS and CdTe thin films used in solar cells; (ii) the development of a parameterized model for the dielectric function of amorphous semiconductor thin films and the dependence of these parameters on measurement temperature, hydrogen dilution in the deposition process, and the Si:Ge content in alloy thin films;  and (iii) the determination of interface dielectric functions and losses associated with Ag/ZnO back-reflectors used in thin film Si PV device structures.  In the latter studies, the optical features of particle and surface plasmon resonances can be separately identified.  Methods for dealing with microscopic (sub-wavelength order) and macroscopic (wavelength order) surface and interface roughness will be treated, as will its impact on the prospects for analyzing PV device structures in-line during module manufacturing.  The ability to extract polarization, depolarization, and irradiance information from the reflected beam by RTSE is advantageous in many such PV applications.
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