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Design and development of a class AAA solar simulator
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Abstract; This paper designs and develops a class AAA solar simulator and its spectral matching, Irradiance
non-uniformity and irradiance temporal instability all can reach class A standard. It firstly describes the light
source selection of the solar simulator and gives the design process of the filter. Then, it introduces the optical
system and mechanical structure of the solar simulator. Finally the technical specifications of the simulator are
measured. The experiments show that the solar simulator spectral match meet the ASTM E927-10 the AM1.5G
class A requirements in the wavelength range of 400 — 1 100 nm. In an effective irradiated surface area of
55 mm x55 mm, its average irradiance, Irradiance non-uniformity, and irradiance temporal instability have
been up to 1 000 W/m’, 1.35% and 1.27% , respectively. Obtained data demonstrate that the solar simula-
tor meets the standard ASTM E927-10 class AAA.
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Fig. 1~ Comparison of solar spectrum and xenon-lamp

spectrum
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Tab.1 Wavelength and transmittance of the filter

JEE/nm B/ %
300 ~ 400 60 £5
400 ~ 500 90 £5
500 ~ 800 95 +5
800 ~ 1 000 35 £5
920 20 £5
1 000 ~1 100 90 +5
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Fig.2 Measured transmittance of the filter
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Fig.3  Solar spectrum and xenon-lamp spectrum with

optical filter
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Tab.3 ASTM spectral irradiance for
three standard spectra
P& BL/nm AML1.5D AM1.5G AMO
300 ~400 no spec no spec 8.0%
400 ~ 500 16.9% 18.4% 16.4%
500 ~ 600 19.7% 19.9% 16.3%
600 ~ 700 18.5% 18.4% 13.9%
700 ~ 800 15.2% 14.9% 11.2%
800 ~ 900 12.9% 12.5% 9.0%
900 ~1 100 16.8% 15.9% 13.1%
1100 ~1 400 no spec no spec 12.2%
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Tab.4 Contrast of spectrum test results
T BL/nm FUME/ (WW - em™?) FT 5 E A % AM1.5G/% AEX 22/ %
300 ~400 - - no spec -
400 ~500 18 693 20. 18 18.4 9.68
500 ~ 600 17 852 19.27 19.9 -3.15
600 ~700 15 848 17.11 18.4 -7.01
700 ~ 800 11 618 12.54 14.9 -15.82
800 ~900 11 044 11.92 12.5 -4.61
900 ~1 100 17 568 18.97 15.9 19.29
400 ~1 100 93 623 - no spec -
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Fig.4 Xenon-lamp spectrum tested with optical filter
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Fig.5 Optical system of solar simulator
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Fig. 6 Monte Carlo ray-tracing
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Fig.8 Structural layout of system
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Fig. 12 Test of the irradiance temporal instability
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