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Abstract

The single diode model has been used for PV performance modeling since many years. It can be applied to many different PV technologies, describing accurately the I-V behavior of PV cells
and modules as function of irradiance and temperature. The single diode model was validated in the past for many types of PV technology, including crystalline silicon and thin film.

The most recent high efficiency PV modules get to the limits of what the single diode model can describe accurately. The HIT, TOPCon and IBC cells have very high fill factors, which need
extreme parameters for the model.

In this study we explore the limits of the single diode model to describe the I-V behavior of PV cells with very high fill factors, which translates to an elevated V y,5,/V ratio.
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Summary and Outlook

The single diode model could mathematically describe any fill factor up to unity. However, keeping the behavior of the model within certain physical bounds, limits the achievable VimppVoc
ratio and thus the fill factor.

Assuming the constraints that Vi, ,,/N i is limited to values between 0.55V and 0.65V, and that the relative efficiency loss at 200 W/m? is around 3%, the values of V, ,,/V, have un upper
limit around 85%. In principle the range of possible V, ,,/V ratios could be increased by choosing values for the ideality factor n, that are significantly smaller than one. But this becomes

difficult to interpret in terms of physics. Increasing Ry}, only marginally increases the possible range for Vy,,,,/V to higher values. A lower Rg leads to a larger Vy, ,,/V, ratio at the cost of a
significant efficiency loss at low irradiance.




