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Solar cell inspection relies on imaging the photoluminescence or
electroluminescence signad from a waferto characterizeit. The pak emission
for Silicon occurs at aboutt150nm while it is around 1330nm for Copper Indium
Gallium di-Selenide (CIGS) and Copper Indium-@elenide (CIS).

This value is out of the range of sensitivity for Silicon based detectors, such as
CCDs, and traditionally their quantum efficiency is only measureap to 1000nm.
However, the emissionpeakis actually broad enough to allow deep cooled CCD
to capture meaningful images using very long integration times (typically
minutes). Although interesting, this isinsufficient and unpractical for industrial
applications.

Alternatively, shortwave infrared (SWIR) InGaAs technology is ideal to directly
detect the electroluminescence emitted at 1.3um byodar cells and ensure their
quick characterization (within milliseconds) either during manufacturing or for
pre-emptive maintenance operation of a photovoltaic plan.

Figure 1: Owl, SWIR imaging of CIGS from 30mA to 620mA and 50ms to 4ms exposure times.
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However, SWIR camera offer low field of view andbw resolution, 320x256
pixels of 30pm and can ban expensive proposition.

EMCCDs offer @ interesting solution by combining larger field of view and
resolution, 1004x1002 pixels of 8um for abetter cost than SWIR.

Making use of itshigh sensitivity in the near infrared (NIR) an EMCCD isapable
of detecting the edge of the electroluminescence signal with exposure times
short enough to achieve over 10fps.

Figure 1 and Figure 2 showthe same solar cells under similar bias current
imaged by a SWIR or aictMCCD cameraThe defects are clearly visible using
both cameras.

Figure 2: Falcon, EMCCD imaging of CIGS from 80mA to 600mA and 500ms to 300ms exposure times .
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Owl 320 vs Owl 640:

Figure 4: Owl 640, 60Hz, AGC, 3 point NUC

Figure 5:0wl 640, 60Hz, AGC, 3 point NUC, Active image enhancement

Preventive maintenance:

Another application of solar cell electroluminescence éside cell characterization
during manufacturing consists in the pre-emptive maintenance of a existing
photovoltaic power plant. This requires being able to quickly identify the solar
panels with defective solar cells which areresponsible for reducing the overall
efficiency.
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In this case,a large range of panels are driven under reverse bias and quickly
scanned by either camera, SWIBr EMCCD, in video mode. The cells which are
either damaged or operating at lower efficiency immediately appear allowing the
identification of the panels which should bereplaced in order to restore the
overall efficiency.

Figure 6: Owl, SWIR video of solar panels with variable current at 30 fps. The defective cells are
clearly visible.

Figure 7: Falcon, NIR video of the same solar panels with variable currents at 20 fps. Again the
defective cells are clearly visible. Contrast could be improved using a visible filter.
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