Parasitic resistance effects of split-spectrum solar cell performance
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Model

We obtain the current density (J) of the solar cellh
adding photo current density and the parasitic terms

to the Shockley model of an ideal p-n junction diode.
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Jg: saturation current density (A/cm?)
Rg: series resistance (Qcm?)

Rp: parallel resistance (Qcm?)

V: cell voltage (V)

Q:thermal voltage (V) /

 Reference: [1] Torrey, E.R., Krohn, J., Ruden, P.P., Cohen, P.1., Proceedings of
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Device conductivity

Band-gap and conductance dependence on indium concentration
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Indium concentration

Small-gap devices have high conductivity whereas large-gap devices have low conductivity
Impact of parasitic elements in general
Open circuit voltage J(V=Vyc) = 0

Vo is largest for R, — oo and decreases with
decreasing Ry, i.e. increasing junction leakage. For
sufficiently small Ry, Vo will show significant
reduction.

Short circuit current density Jsc = J(V = 0)

Jgc is affected by both Rg and Ry, Its magnitude is
largest for Rg =0 and R, — o

Specific results
Current density

Smaller gap devices have higher conductivity and
consequently exhibit increased current sensitivity to
series resistance. Analogausly, junction leakage

Series resistance current density effects
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Parallel resistance current density effects
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Series resistance power density effects
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Parallel resistance power density effects
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Parallel resistance of 300€cm? reduces maximum power point by about 5%, 25%. 41%, from the
ideal mode, for the 0.7, 1.38, and 2.00 eV cells, respectively.

Solar cell efficiency

Fill factor (FF) expresses the solar cell conversion
efficiency by relating the actual maximum obtainable
power (Py,,) to the value (Vo *Jgc)
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