











region, and typically small defect areas, the thermal
detection of those defects becomes a significant
challenge. However, if you can overcome the IR
absorption problem of the glass, then an IR camera with a
sensitive detector (~20mK) has a chance of seeing the
defect, particularly if an LIT technique is used.

The glasses used for PV cells and solar panels are
typically selected for high transmittance in the range of
0.4 to 1.1 m, where a cell's conversion efficiency is the
highest. Various glass compositions are being developed
that shift the iron absorption region of a typical
commercial (soda-lime-silica) glass so it will be above 1.1

m. Looking at the IR transmittance of a typical
commercial glass, one can see that it remains relatively
high up to about 3.5n (Fig. 9).Note: transmittance also
depends on glass thickness.

Fig. 9. IR transmittance of a commercial glass (dark gray
line) and InSb detector spectral response (black line), with
a notch filter's focused response (light gray bar).

FLIR Systems recently developed an IR camera with an
indium antimonide (InSb) detector and spectral filter for
an entirely different type of application. However, it
appeared to be suitable for defect detection in PV cells
and solar panels whose assemblies have glass panels.
Inside the camera, the temperature of the detector and
spectral filter are controlled with a small Stirling cycle
cooler producing near-cryogenic temperatures. This gives
the camera a peak spectral detection in the range of 3.80-
4.05 m, which is still within a region of reasonably high
transmittance of the commercial glass in Fig. 9.

Depending on the specific glass used in a solar cell
assembly, other filters of this type might prove to be
somewhat better. For example, FLIR also employs a 3.2-
3.4 m notch filter with an InSb sensor for the detection
of gas emissions.

Fig. 10 illustrates the difference in defect detection when
using an unfiltered InSb camera vs. one with the 3.80-
4.05 m filter. This inspection was done on a normally
operating solar panel system with a glass cover, which
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installs on roofs like regular singles and does not require
additional roofing (i.e., not installed over existing

shingles). Clearly, a standard InSb camera could not see
any defects, while the filtered camera could. They show

up as bright spots in the image. The scales at the right side
of each image give the apparent temperature ranges of the
solar panels in °C.

Fig. 10.Defect detection in a solar panel roof assembly
with a protective glass cover. The upper image was
captured by a standard IR camera with an InSb detector.
The lower image was taken with the same type of camera,
but equipped with a 3.80-4.061 spectral filter.

More testing is required using different measurement
techniques to find the optimum conditions for various
types of PV cell and solar panel assemblies. However, the
filtered detector approach seems very promising. (Those
not familiar with thermography and the workings of IR
cameras are referred to FLIR's “Infrared Handbook for
R&D Professionals”.) [1]
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7. SUMMARY

A major advantage of IR thermography in solar cell
defect detection, compared to many other test methods, is
the short time required to complete a set of measurements
without elaborate sample preparation. Gross defects can
be seen by IR cameras equipped with uncooled
microbolometer detectors. However, using more sensitive
cameras with different types of cooled semiconductor
detectors provides better results. With notch filters that
limit a camera’s spectral response to a narrow region of
glass transmittance, defect detection is improved when
viewing a defect through a glass panel.

LIT techniques enhance IR thermography capabilities by
allowing detection below the noise floor of a typical
camera, and thereby increase sensitivity by as much as
1000X. LIT also allows significant amounts of data to be
acquired in seconds, compared to minutes or hours with
other methodologies. This makes thermography and LIT
methods good candidates for process related testing, as
well as for use in R&D labs. With appropriate cameras
(detectors), stimulation sources, and accessories,
inspection systems can be created for most types of solar
cell assemblies. These systems can spot shunt and series
resistance defects, cracks, and other anomalies. With
suitable software, they can also quantify charge carrier
characteristics and calculate parameters such as Fill
Factor and Ideality Factor.
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Endnote:

" Many of the thermographic images appearing in this
article were created using a color scale to represent
temperatures. They were converted to a gray scale for
ASES article reproduction purposes. Contact the author
for samples of color thermograms collected from PV cells
and solar panels.
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