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Design of Multi-Source Distributed Steady-State Solar Simulator

Sun Chao"?, Jin Zhiliang” , Song Yang®, Ling Zongquan"’, Lan Kaiqiu"?,
Huang Yang'®, Zhang Mingliang"?, Xiong Daxi''*
' School of Biomedical Engineering (Suzhow), Division of Life Sciences and Medicine,
University of Science and Technology of China, Suzhou 215000, Jiangsu, China;
* Center of Light and Health, Suzhou Institute of Biomedical Engineering and Technology,

Chinese Academy of Sciences, Suzhow 215163, Jiangsu, China

Abstract Solar simulator is a key equipment in the research of photovoltaic and material degradation, which can
provide stable and controllable characteristic irradiance spectrum for light immersion and durability testing. Based
on the high-power single-crystal narrow-band small-emitting surface LED light source, a super-hemispherical
homogeneous lens is used to collect light in full aperture, and the distributed optical structure of the curved surface
is designed, so as to achieve efficient spectral matching on the target surface and irradiance of one solar constant
(irradiance of 100 mW/cm?®). The experimental results show that the irradiance fluctuation of the solar simulator
designed in this paper is less than 1.15% within 1000 h, the irradiance non-uniformity in the square area of
60 mm X 60 mm in the center of the target surface is 1.98%, the irradiance non-uniformity in the 80 mm X80 mm
region is 4.99%, and the spectral matching of light spot reaches class A. The system has compact structure and
strong expansibility, and can be used for long-term steady-state measurement.
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Table 1  Efficiency of typical solar simulator
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LED chip

LED package Length

LS: light source

LCS: light collection system

LHS: light homogenization system
LPS: light projection system

TS: target surface
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Fig. 1 Schematic of effective light energy transfer
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Fig. 2 Simulation and analysis of single light source system. (a) Schematic of simulation of single light source projection

system; (b) spot distribution diagram of 900 mm projection lens on target surface with working distance of 900 mm;

(c¢) simulated irradiance profile distribution in horizontal and vertical directions of spot center
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Fig. 3 Performance results of single light source system (optical power is 1 W, wavelength is 555 nm) in uniform light

region on target surface at different working distances. (a) Effective light energy transfer efficiency; (b) uniform

light area and average irradiance
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Fig. 4 Non-uniformity and average irradiance of 555 nm
single light source in uniform region at different

structural layers
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Fig. 5 Tracking results of three-layer multi-light source solar simulator. (a) Schematic of optical simulation of light source
structure and system; (b) irradiance distribution of target surface at working distance of 900 mm; (c) intensity
distribution of target surface at working distance of 900 mm; (d) intensity distribution of target surface, with

different curves representing different azimuth angles
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Fig. 7 Fitting results of solar spectra. (a) Spectral fitting results between 350 nm and 1000 nm; (b) spectral fitting

results between 400 nm and 1100 nm
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Table 2 Classification of steady state solar simulators

Spectral Spatial Long term

Classification match to all non-uniformity instability of

intervals /% of irradiance /% irradiance /%

A 75-125 2 2
B 60—-140 5 5
C 40-200 10 10
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Fig. 8 Structure diagram of solar simulator. (a) Light source box model; (b) physical solar simulator; (c) experimental equipment
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Table 3 Light source parameters of solar simulator

Peak Full width at half Simulated optical Measured optical Irradiance /
Current /A Voltage /V )
wavelength /nm maximum /nm power /mW power /mW (mW * cm™ )
422 26.0 0. 60 3.35 608 676.0 5.090
447 19. 8 0.47 3.09 484 512.0 3.980
464 38.0 0. 89 3.19 704 608.0 5. 830
488 40. 6 1.85 3.61 658 825.0 5.380
514 31.1 0. 85 3.75 453 345.0 3.730
600 18.0 0. 39 2.34 142 115.0 1.177
622 18.5 0.49 2.42 321 302.0 2. 680
665 23.2 0.39 2.31 339 315.0 2.830
679 26.9 0.75 2.40 400 390.0 3. 280
708 21.7 1. 30 2.38 560 596.0 4.630
741 22.3 0.70 3. 44 561 518.0 4.620
789 32.2 1.03 3.83 765 643.0 6.330
828 35.1 1.01 2.02 640 715.0 5.270
860 35.3 0.91 3. 24 751 808.0 6.220
954 45. 3 1.13/1.27 3.29/3. 30 900/900 1118.0/1131.0 7.460/7. 420
1.18/0.90/ 3.33/3.18/ 911.3/917.0/ 8.100/8.080/
568 115.2 978/978/978
0. 96 3.26 886.0 8.020
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B9 fin. @M o) A, 2858, Tl i A e B an & 9 (b) B , 't 1% D e 3 4n
HA2 r =50 mm BPOLIEAE TAERE R =900 mm F AR, K9 Fi3k 4 v LLA B, 8 BE K6 3% I
Wb OERFR K TR A y="+6.47".H  EEMSS A R,

3.5
(®)
=30¢
a5l
E 20} f i
5
< 15¢ i
E L
210 JkY—AML5GY -
position 2 g posi%ion (1)
=051 position
g 05 i position 2
oll_J -rposiiond |,
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Fig. 9 Test structure of solar simulator. (a) Output light spot, where pentacle represents position of spectral measuring
point; (b) spectral matching of different measuring points in Fig. (a)

F 4 GHEITREC B
Table 4 Spectral matching

Wavelength AM 1.5G Fitted spectral Position Position Position Position .

interval /nm irradiance /% irradiance /% 0/% 1/% 2/% 3/% Class
400-500 18.4 18. 65 16. 26 17. 96 17.55 16. 11 A
500—600 19.9 20.13 20. 65 20. 25 19.07 20. 25 A
600-700 18.4 17. 67 19. 39 19.07 18. 89 18. 80 A
700-800 14.9 15.12 15.21 13.78 15. 50 15.93 A
800-900 12.5 12.37 12.52 12. 40 12.11 11.22 A
900-1100 15.9 16. 07 15.97 16. 54 16. 85 17.67 A

3.4 TEAHIMN BEAE 5| 407 8 Y 5k e 2 5 B80S B R FROG BRE Y 2 1 R

Febr COB B iy LED fh R 51 4R i 8 7 HOBSDUR B BE i /)« 1 Thi 3 B0 RE A% 128 250K [
JEPEFR B AN 10 () Fron . NI 10 FTRAE RO TR

100.mm

B 10 HARER _EMSEPRGEE, () WEE I K AE 464 nm BYETOGEE (A L AEIEH R A LED & A 51488 5D
Ch) B4V BH G BE 1) 8 BERE R0 2o A2 C s 08 1 78 K 1 1 B
Fig. 10 Actual spot of light on target surface. (a) Light spot with peak wavelength of 464 nm (spot notch in upper left
corner is from lead solder spot of LED chip); (b) irradiance detection process of simulated solar spot (target

surface is on probe plane)
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Fig. 11 Normalized irradiance measured on target surface

x5 REHHE

Table 5 System efficiency
Optical power Optical power in Area / Effective efficiency Efficiency of
Non-uniformity ) ) )
of LEDs/W uniform area /W (mmXmm) of light transmission /% system /%
Simulation 12.12 8. 65 93X93 71.4 -
<2% 12.33 3. 60 60X 60 30. 2 7.01
<5% 12.33 6. 40 80X 80 51.9 12.04

3.5 HERBEEHE
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AR E AT 1. 15 %0, ik B )R AR E Y A 2]
P, AN LED SGIE DG & 5 W 2 00 46 ' &
() 70 Y K Fe s H A 4w, LED B34 75 fiy — FBEAR 76 %
JI/ANEFBL B FE R B A S ok & b,
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Fig. 12 Temporal instability of irradiance
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