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. MOTIVATION N
DEVICE MODELS: 2 cases of interdigitated cells « Nanoscale interdigitated solar cell device architectures are being investigated for organic and inorganic solar cell devices.
* Due to the inherent complexity of these device designs quantitative modeling is needed to understand the device physics.
P y ans q Y phy
Standard 1D solar cell * Theoretical concepts have been proposed that nanodomains of different phases may form in polycrystalline CIGS solar cells.
T i * These theories propose that the nanodomains may form complex 3D intertwined p-n networks that enhance device performance.
55  Recent experimental evidence offers some support for the existence of nanodomains in CIGS thin films.
K. This study utilizes CIGS solar cells to examine general and CIGS-specific concepts in nanoscale interdigitated solar cells. /
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W=1um V_ isoptimum when there is maximal band bending and minimal dark current, which occurs at large W.
But the geometry is not ideal for current collection and J is inferior to a comparable planar junction device. . . . .
5 y > P P ] Ay = 0.0 or +0.3 For W greater than 50 nm, the lateral fields and device performance are similar to the case with no offsets.
. . . . For W less than 50 nm, either the valence or conduction band is flat. Hence one carrier is not separated
W ->50 nm As W decreases towards S0 nm, current is collected more efficiently, but increasing dark current and reduced P . « . . P .
. . . . . laterally and recombination is not effectively reduced,. The results are again similar to the case with no offsets.
band bending lower V.. PV designs that increase photocurrent collection generlly increase dark current too.
For large W, the lateral fields and device performance are similar to the case with no offsets. However as W is

W <50 nm The strength of the lateral fields diminish and no longer effectively separate charge. Transport and performance
becomes identical to a planar junction device with a uniform doping equivalent to half of p — n in the CIGS layer.

reduced, the offsets form a robust type II junction which effectively separates charge and reduces recombination
even for W = 10 nm. This structure improves device performance relative to a planar junction device, and
atttains efficiencies greater than 15% even for “low quality” material with a diffusion length of 100 nm.

a CONCLUSIONS N\
* Interdigitated thin-film solar cells can give good device performance commensurate with comparable planar junction devices.

« Interdigitated p and n regions increase efficiency relative to a comparable planar junction device for low-quality material when W is about 50 or 100 nm in this study.
« In most cases, device performance is generally not significantly increased relative to a planar junction.

* Performance can be increased for low and high quality material when the band offsets between n and p-type material form a robust type-II band alignment that
effectively separates electrons and holes even when W is small.
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