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Cadmium telluride (CdTe) thin-film semiconductors exhibit many
desirable properties for low-cost and high-efficiency photovoltaic
(PV) technology, including inherent robustness of the inorganic
absorber, a direct bandgap that allows full absorption of the solar
spectrum with thicknesses of only a few microns, and inexpensive
and high-throughput manufacturing processes. At the best
efficiency of 22 %, the power conversion efficiency of CdTe PVs
is still well below the maximum theoretical limit (approximately
30 %). It has been suggested that the inferior efficiency is mainly
due to the inherent polycrystalline nature of the CdTe absorber
(e.g., grains, grain boundaries). Understanding local photocarrier
dynamics is vital to overcoming roadblocks toward higher
efficiency CdTe PVs. However, conventional cell-level PV
measurements often limit the microstructural analysis. In this
work, we present a local PV characterization technique using
point back-contacts. The thin-film CdTe solar cells used in this
work were prepared by CSS (close-spaced sublimation) on a stack
of n-type window layer (e.g., CdS) / transparent conductive layer
(TCO; e.g., Sn0O,) / glass substrate. To fabricate microscale point
back-contacts, we used conventional photolithography or a
shadow mask technique. In the first method, CdTe samples were
spin-coated with photoresist (Microposit 1813; ~1.5 um) and
patterned using a laser writer (375 nm, 10 mW power laser with
60 % pixel energy). After development, an O, plasma descum was
performed. The contact metal (Au or Au-Pd) was deposited onto
CdTe via either evaporation or sputtering. Liftoff was then
performed, leaving localized metal back-contacts on the CdTe
surface. For the second method, a shadow mask with an array of
square holes (40 pm x 40 um ) was used. An evaporated Au film
was deposited onto the sample through the openings in the
shadow mask, forming microscale point contacts. For both contact
patterning methods, the front contact was formed by exposing the
TCO and applying melted indium. A control CdTe cell with
contacts 0.8 cm x 0.6 cm was also used for the comparison of PV
parameters (e.g., open-circuit voltage [V, ], short-circuit current

[/ ], fill-factor [FF], efficiency [ #)]). We collected dark and light
current-voltage (I-V) characterizations by probing the microscale
back-contacts and the TCO front contact. CdTe samples were
illuminated under 1-sun (AM 1.5G) to extract the PV parameters.
The photolithography samples showed significantly inferior /-
characteristics. The series resistance was higher than expected,
and a poor light response was observed. We speculate that
photoresist residue remaining between the rough surface of CdTe
and the metal contact layer is likely to cause the undesirable
carrier behaviors. By contrast, the microscale back-contacts
formed with a shadow mask displayed good diode characteristics
and light responses. We measured the V/ of 0.66 V, FF of 0.37,
and 7 of 0.43 uA for the 40 um square contacts. The estimated J

is 27.0 mA/cm?. This measured ./ value is consistent with the
control CdTe device (J, = 26 ), and over three-times higher than
that of the photolithography devices (J, = 8.1 ). We will discuss
our on-going fabrication methods to produce the point back-
contacts with sizes of 1 pm, improving series resistance of the
contacts, and subsequent local PV characterizations.
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