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Angle-Dependent Performance in Thin-Film and Transparent
Photovoltaics1 MARGARET YOUNG, YUNHUA DING, RICHARD LUNT,
Michigan State Univ — Understanding the angle dependent performance is an im-
portant consideration for building integrated photovoltaics (PVs), such as transpar-
ent PV windows, where illumination angles are rarely at normal incidence. While
the transfer matrix model (TMM) has been widely utilized to model optical inter-
ference and quantum efficiency in thin-film PVs at normal incidence, self-consistent
simulations for PVs under oblique illumination have not yet been demonstrated. We
derive an updated model that is self-consistent for all angles, light polarizations, and
electrical / optical configurations, and experimentally verify the predicted angular
quantum efficiency response of planar heterojunction (PHJ) transparent PVs. We
subsequently use this model to optimize PHJ transparent PVs for maximum short
circuit photocurrent density (Jsc) and transparency as a function of the multivariable
landscape under a variety of optical and electrical configurations, showing that it is
possible to greatly reduce the angle-dependent roll-off in efficiency by moving in this
multi-parameter space. We will provide insights into the lesson learned for designing
devices that can reduce this roll-off and increase overall yearly power output.
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