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Development of a low-cost spectral response measurement system for solar cells
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ABSTRACT

The goal of this proj ect was to develop a low cost laboratory system for measuring spectral
responses Aof solar cells. The spectral response is generally used to determine the response
of the devices to the incoming photon fluxes. It contains the richest information such as
surface recombination velocity, carrier diffusion lengths which indicate the quality.of the
test devices and faBrica_tion process. Typical spectral response measurelhent system
employs a calibrated Xenon lamp as a main light source. Tn the present work, the Xenon
Iafnp was replaced 'by_-an array of high power LEDsI,'rAesulting in a low cost measurement
system. The LEDs cover the light spectrum from 400 nm to 950 nm. The imifqrmity of the
- illumination was measured and it was found to be suitable for samples with.a dimension of
1X1 cm’. Furthermore, the proposed system was employed to evaluate the performance of
silicon’ solar cells and photo&iodesa The measured spectral response curves were then

_ compared with those obtained from a standard commercial system.
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Lochost spectral response measurement system
Using high power LEDs

P. Kittidachachan'*, B. Damrongsak®
! Physics Department Faculty of Science, King Mongkut's Instztute of Technology Ladkrabang, Bangkok, Thailand.
’Physics Department, Faculty of Science, Silpakorn University, Nakorn Pathom, Thailand.

This paper presents a low cost laboratory system for measuring spectral responses of
optoelectronics sensors. The spectral response is generally used to determine the response of the
devices to the incoming photon fluxes. It contains the richest information such as surface
recombination velocity, carrier diffusion lengths which indicate the quality of the test devices and
fabrication process. Typical spectral response measurement system employs a calibrated Xenon
lamp as a main light source. In the present work, the Xenon lamp was replaced by an array of
high power LEDs, resulting in a low cost measurement system. The LEDs cover the light
spectrum from 400 nm to 950 nm. The uniformity of the illumination was measured and it was
found to be suitable for samples with a dimension of Ix1 cm?. Furthermore, the proposed system
was employed to evaluate the performance of silicon solar cells and photodiodes. The measured
spectral response curves were then compared with those obtained from a standard commercial

system.

Keywords: Spectral response measurement, high power LED, solar cell.

1. INTRODUCTION

Spectral response (SR) of solar cells is used to present
the responsivity of the devices as a function of wavelength.
It tells us how solar cells response to the incoming photon
fluxes, which can be used to evaluate the performance of
the cells in addition to the current-voltage (I-V)
characteristics of the cells. The responsivity of a solar cell
at each wavelength (R(A)) is defined as the ratio of the
short-circuit current density of the cell (Jsc(X)) and the
spectral irradiance of the incident light at particular
wavelength ($(A)) [1] and can be expressed as

JSC (/1)

R(A) =
D=

(1)

The conventional approach to measure the spectral
response of the solar cell is by comparing the Jgc of the test
cell with that of a standard cell, which its absolute spectrum
response is already known [2]. .The measurement is
normally performed in a solar simulator where the 1-Sun

intensity is provided by a Xenon lamp. The sun simulator, -

however, is very expensive and consumes a great amount
of energy. In addition, the high power Xenon lamp can
raise the temperature of the cell under test. This thermal
effect can cause the problem in the measurement for some
type of solar cells, such as polymer and dyed-sensitized
solar cells. Therefore, alternative approach to measure
spectral responses of the solar cells was investigated.

-

! *Corresponding author. Tel: +662 7373000 Ext. 6207
Fax: 02-3264413 ; E-mail: kkpattar@kmitl.ac.th

Kohraku et al. proposed the interesting idea by replacing a
Xenon lamp with an array of light-emitting diodes (LEDs)
[2-3]. The advantage of LEDs over a conventional Xenon
lamp is that it has longer life time and consumes less
energy. In addition, by pulsing LEDs heat generation in the
testd sample can be minimized. Furthermore, the LEDs-
based system is relatively cheaper and more compact.

In this paper we present a LED-based measurement
system for measuring the spectral response of solar cells.
An array of high power LEDs covering the light spectrum
from 400 nm to 950 nm was used as a main light source.
The system was employed to evaluate the performance of

silicon solar cells and photodiodes. The spectral response

measured by the developed system was then compared with
those obtained from a standard commercial system.

2. EXPERIMENTAL DETAILS

Figure 1(a) presents a photograph of the developed SR
measurement. Its schematic diagram is also illustrated in
Fig.1(b). The system is composed of a set of seven high-
power LEDs (1 W), which covers the light spectrum
ranging from 400 nm to 950 nm. The LEDs are mounted on
an aluminum wheel that is fixed on a stand 15 centimeter -
above a test device. The LEDs are connected to a control
circuit which provides a constant current of 250 mA. The
illumination area is about 7 cm?® with the uniformity over
the small area (1.5x1.5 cm?). Thus the system is suitable for
measuring samples with a dimension of IxI cm?. The
output of the test dévice will be measured using a digital
multi-meter (DMM). :

© 2010 Thai Physics Society
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FIGURE 1. (a) A photograph of the developed SR
measurement. (b) Schematic diagram of the SR
measurement system.

3. RESULTS AND DISCUSSIONS

Figure 2 illustrates the spectral characteristics of the
LEDs. The spectra were obtained by collecting the light
intensity in the center of illuminated area using optical fiber
and an Avantes spectrometer. It is seen that the spectral
bandwidth (FWHM) of each LED are ranging from 30 nm-
© 50 nm.

Normalised intensity

409 500 660 700 §50 900 1902

Wavelength (nm)

FIGURE 2. The spectral characteristics of the LEDs.

The relationship between the forward bias current (If)
and the irradiance of light sources, measured using a silicon
photodiode was also determined. As illustrated in Fig. 3 the
light output of LEDs increases proportional with the current
Ir. The relationship is almost linear for the current range
10-300 mA.

Figures 4 show the spectral response of a silicon
photodiode measured using the constructed system. The
spectral response given by the manufacturer was also
shown for comparison. It is seen that the measured data
agree well with that provided by the company. This ensures
the reliability of the developed system. Note that the
responsivities were measured by comparing the output of a
test device with the device with known spectrum.

1400 +
1200~
1000 -
800 =
600 =

Intensity (arb. unit)

400 =
200 =

0 50 100 150 200 250 300
Forward bias current (mA)

FIGURE 3. the relation between the forward bias current
(Ir) and the intensity of light sources. The dash lines show
the best linear fit to the experimental data.
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FIGURE 4. The spectral response of silicon photodetector
measured using the constructed system (dot points). The
spectral response given by the manufacturer was also
shown for comparison.

Figure 5 shows the spectral response of a silicon solar
cell measured using the constructed system. The measured
spectral were also compared with those measured by the
commercial system (Bentham, UK). As can be seen our
measured data is agree well in the blue and the near IR
region. However, we observed the mismatch in  the
wavelength region of 620-720 nm. This disagreement could
possibly due to the instability of the LED’s irradiance and
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temperature during the measurement. It is crucial to point
out at the data should be collected under identical
conditions in order to obtain the accurate results.

o
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o
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»
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FIGURE 5. The spectral response of silicon solar cell

.measured using the constructed system (dot points) and a

Bentham system (solid line).

4. CONCLUSION

A low cost spectral response measurement system has
been developed. The system is composed of a set of high
power LEDs, cover the light spectrum from 400 nm to 950
nm. The system was used to measure the spectral response
of a silicon photodiode and a silicon solar cell. It was found
that the spectral response of the photodiode obtained from

the developed system agrees well with those given by the
company. This ensures the reliability of the developed
system. The disagreement of the response curve of the solar
cell between our system and the commercial system could-
be due to the instability of the LED’s irradiance and
temperature during the measurement.
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