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Abstract Measurement of quantum efficiency in the sub-bandgap region allows insight into the
fundamental performance of photodetectors and solar cells. There are measurement
challenges. Bentham presents a solution for measuring sub-bandgap QE in a spectral
range from 0.3 µm to above 2.5 µm, with a dynamic range exceeding 8 decades.

The quantum efficiency (QE) of a photodetector
or solar cell is a fundamental indicator of its
performance. Measurements below the bandgap
reveal optical transitions that bypass ideal absorp-
tion pathways and have relevance regardless of
the cell technology. These sub-bandgap responses
can originate from Urbach tails or deep defects
in crystalline and thin-film inorganics, trap-assisted
transitions or phase impurities in perovskites, and
charge-transfer or vibronic states in molecular
systems. Such measurements provide a sensi-
tive fingerprint of material quality and underlying
processes.

The difficulties of sub-bandgap QE
Sub-bandgap measurements are generally chal-
lenging. They involve probing a region where the
device’s response is not only extremely weak,
but the spectrally close above-bandgap response
is many orders of magnitude stronger. A system
to perform these measurements needs to not
only be sensitive enough to detect the weak
sub-bandgap signal, but also needs to suppress
unwanted above-bandgap signals to a level where
they do not dominate the measurement. It requires
a stable bright light source, a monochromator with
very high stray-light rejection, and detection equip-
ment with both high sensitivity and wide dynamic
range. Modern single-monochromator systems typ-
ically achieve stray-light rejection on the order of
10−6, which is insufficient for deep sub-bandgap
studies. Once the stray light issue is solved, mea-
surements still demand reasonable quality samples,
as leakage currents and shunt pathways can set the
effective noise floor.

The system described here overcomes these chal-
lenges and implements a highly monochromatic
source of light with sensitive electronics, enabling
accurate deep sub-bandgap QE measurements
useful for a variety of material systems.

System Overview
The system comprises a chopped dual Xenon/
Quartz Tungsten-Halogen light source feeding an
DTMC300 300mm focal-length double monochro-

mator equipped with three pairs of gratings and
up to 14 filters housed in three motorized filter
wheels. Motorized slits, a changeable aperture, and
reflective optics form a well-defined image of the
aperture on the sample. This configuration reduces
stray-light below 10−8. Signal acquisition is per-
formed using Bentham’s acquisition hardware, with
the option to employ selected third-party amplifiers
when required. The entire system is controlled by a
PC running BenWin+ software.

Options
The system can be supplied with a choice of grat-
ings, filters, apertures, and stages to suit general or
application-specific requirements. The monochro-
mator supports up to three gratings, enabling a
variety of spectral ranges and resolutions, while
a selection of optical filters can be installed to en-
hance performance in critical wavelength bands or
to provide broad versatility. The spacious light-tight
enclosure can accommodate third-party stages or
mounts.

Results
A measurement of a silicon photodiode is shown in
Figure 1. Other metrics and photos continue over-
leaf.
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Figure 1: QE of a silicon photodiode measured with
the system described, spanning over 8 decades. Note

logarithmic ordinate axis.

Continues overleaf.
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Figure 2: Spectral power in the beam, at different
apertures. The red dotted line is an estimate of a
reasonable upper limit, although some diminishing
gains are expected from even broader bandwidths.

Figure  3: Stability demonstration, maximum ob-
served positive and negative deviation from aver-
age over 24 hours (30 minute interval) in an office
environment, same silicon photodiode as above.

Figure 4: Large square patch demo, red beam Figure 5: Small square patch demo, green beam

Figure 6: Photograph of the system discussed.
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