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Synthesizing Algorithm for LED Standard Solar Spectrum Lamp

ZHANG Yi-wen, XU Lin, WAN Song
(Solar Energy Institute , Physics Department , Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract: In order to achieve a LED-based solar simulator or a standard spectrum lamp with high
stability and good spectral matching that can be used in measurement, a method is proposed to
accurately simulate the spectral power distribution (SPD) of AMI1. 5 by adopting many different
peak wavelength LEDs. Least square (LS) method and the characteristics of Gaussian
distribution are considered during the process of simulation. This approach theoretically achieves
a spectral synthesize in order to guide the LED types selection and the drive current value.
Experimental result proves its feasibility and show that: in the range of 300 ~1 100 nm., the
spectral mismatch error is less than +2.76% , and less LED species are adopted. This algorithm
can accurately distinguish the absorption valleys of standard solar spectrum AMI. 5. When
applied to AMO, it results in the spectral mismatch less than + 1. 67%. For engineering
application, the algorithm gives a good guiding significance to access standard solar spectrum
lamp.

Key words: LED-based solar simulator; Spectral synthesis; Least square(LS) method; Gaussian

distribution ; Non-uniform spectral peak intervals
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Fig. 2 Simulation with non-uniform LED spectral
peak intervals
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Fig. 5 Experimental result for visible region spectrum
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Table 1 Global reference solar spectral irradiance distribution
given in IEC 60904
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Table 3 Spectral mismatch error and classifications of the

simulation with non-uniform LED spectral peak intervals

Wavelength Spectral mismatch . .
range/ ym error Classification
0.3~0.4 - -
0.4~0.5 1.027 62 A
0.5~0.6 0.983 02 A
0.6~0.7 0.981 57 A
0.7~0.8 1.004 64 A
0.8~0.9 1.010 04 A
0.9~1.1 0.998 37 A
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Table 4 The comparison to the goodness of other

researches (Fig. 6)

Wavelength  Our . . . .
Fig. 6(a) Fig. 6(b) Fig. 6(c) Fig. 6(d)
range/pm approach

0.4~0.5 1.028 0.997 1.004  0.950 0.463
0.5~0.6 0.983 1.128 1.014 1.010 0.521
0.6~0.7 0.982 1.117  0.984 1. 060 0.677
0.7~0.8 1.005 0. 661 0.936  0.990 0.965
0.8~0.9 1.010 0.762  0.980  0.970 1. 327
0.9~1.1 0.998 1. 213 - 1.010 -

No. Wavelength Percentage of total irradiance
range/pm in the wavelength range/( %)
1 0.3~0.4 -
2 0.4~0.5 18. 40
3 0.5~0.6 19. 90
4 0.6~0.7 18. 40
) 0.7~0.8 14. 90
6 0.8~0.9 12.50
7 0.9~1.1 15.90
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Table 2 Definition of solar simulator classifications

Spectral match to all intervals

Classification specified in Table 1
A 0.75~1. 25
B 0.6~1.4
C 0.4~2.0
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uniform LED spectral peak intervals method
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Table 5 Spectral mismatch error of AM,

Percentage of total

Wavelength . . . Spectral mismatch
irradiance in the
range/pm wavelength range/( %) error
0.3~0.4 9. 35 1.016 7
0.4~0.5 18.47 0.990 9
0.5~0.6 18. 54 1.001 8
0.6~0.7 15.98 1.004 8
0.7~0.8 12.70 1.000 2
0.8~0.9 10. 13 0.995 3
0.9~1.1 14.91 0.996 6
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