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Abstract

To optimize the front electrode structure of flexible concentrator GaAs solar cells, this paper sys-
tematically investigates the influence mechanism of grid line duty cycle on cell performance. GaAs
solar cells were fabricated by flexible chip lift-off process, and six grid patterns with two line widths
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(5 pm, 7 pm) and three spacings (200 pm, 300 pum, 400 pm) were designed, with duty cycles of 1.23%,
1.64%, 1.72%, 2.28%, 2.44% and 3.38%, respectively. The electrical properties of the cells were
tested under AMO concentrated illumination with concentration ratios ranging from 159.20 to 263.87
suns. The experimental results show that under the same concentration ratio, the fill factor (FF) in-
creases with the increase of duty cycle, while the short-circuit current (Isc) generally decreases, exhib-
iting an inverse relationship between the two. The cell conversion efficiency reaches its maximum
at an optimal duty cycle, and the optimal duty cycle increases with increasing concentration ratio.
When the concentration ratio is 206.34 suns, pattern A1 (line width of 5 um, spacing of 200 pm, duty
cycle of 2.44%) achieves the overall highest conversion efficiency of 40.72%. This study provides
experimental guidance for electrode structure optimization of flexible concentrator GaAs solar
cells.
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Figure 1. Structure diagram of the triple-junction

flexible GaAs solar cell chip
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Table 1. Experimental design of grid line duty ratio
1. Mk SISt oA

ST R R FE () MR T FEE (pm) M ) 2 () 2= L Fs (%)
Al 6.1 5 200 2.44
A2 6.1 5 300 1.64
A3 6.1 5 400 123
Bl 6.1 7 200 3.38
B2 6.1 7 300 2.28
B3 6.1 7 400 1.72
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Table 2. Conversion of the concentration ratio of the concentrator equipment

2. BARERAEHKRE
Bt z Mt EiEE R & Ml B i FLAE AMO BT LA

B e g2
(mm) Isc xx(mA) Isc wm(mA) R C
0 2680.34 16.84 159.20
10 2961.59 16.84 175.90

20 3214.19 16.84 190.88
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Figure 2. Effect of different layouts (corresponding to different duty ratios) on fill factor (FF) under
159.20% concentration (mean + SD of 5 samples)

2.159.20 ETAERRE (Y AR G ZSEE)XF FF IS5 HAHE + fEE)

Table 3. Summary of fill factor (FF) under different concentration ratios

=3 FAEBABHT FFILE

P e hix el FF #{8(%)
Al 87.36
A2 82.91
A3 75.43
19920 Bl 87.40
B2 83.76
B3 77.78
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Al 86.99
A2 81.96
A3 73.48
175.90
B1 87.16
B2 83.09
B3 76.70
Al 86.86
A2 81.27
A3 72.09
190.88
B1 86.95
B2 82.32
B3 75.35
Al 86.36
A2 80.23
A3 70.15
206.34
B1 86.84
B2 81.56
B3 73.86
Al 86.01
A2 78.14
A3 68.19
236.57
B1 86.15
B2 80.34
B3 72.14
Al 85.42
A2 76.09
A3 62.16
263.87
B1 85.59
B2 78.46
B3 69.21
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Figure 3. Effect of different layouts (corresponding to different duty ratios) on short-circuit current
(Isc) under 159.20x concentration (mean + SD of 5 samples)
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Table 4. Summary of short-circuit current (Isc) under different concentration ratios

F 4. FRIBNAEH TG R(Isc)T R

Fotfis C i Isc (A)
Al 2.69
A2 2.71
A3 2.79
159.20
Bl 2.65
B2 271
B3 2.73
Al 2.96
175.90
A2 3.04
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A3 3.04
B1 2.96
B2 2.99
B3 3.01
Al 3.28
A2 3.30
A3 3.28
190.88
B1 3.22
B2 3.29
B3 3.29
Al 3.61
A2 3.65
A3 3.61
206.34
B1 3.50
B2 3.58
B3 3.61
Al 4.03
A2 4.10
A3 4.02
236.57
B1 3.99
B2 4.03
B3 3.99
Al 4.45
A2 4.50
A3 4.62
263.87
Bl 4.47
B2 4.54
B3 4.55

TFit B R (Voc) bt 25 LIS AL AR B 85, SEARLERRAE 3.41~3.45V YU . MRPEFRAE AR Voc =
(nkT/q) In(Isc/I0 + 1) [9], Voc =SB B ARE 58 B2 (Vg I FRIR 10)FE AR HUIR Tsc JLfRhoE s 7EHLh
R RS ECS S5 IR 2 S BT , 2% FL(RIIE G AR B AR 0N Tsc [RIRAMA 7 X B0 BE T 4 55 3 R 4
Rl Voe 2R NA TR, FIIACH Voo FEAARE & 2% ARk
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] 4 B N R TR A st SR B M 5 2 LA R ol T BRI B o 28 E AT
BRI, T FELIREE 1 2 KT ARG R OB MR I DR SRR o 23 o B A A Ko
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Figure 4. Effect of different layouts (corresponding to different duty ratios) on efficiency (Eff)
under 159.20x concentration (mean = SD of 5 samples)
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Table 5. Summary of efficiency (Eff) under different concentration ratios

% 5. FEIBNASH R EFF L&

ot c f P EFF (%)
Al 39.44%
A2 37.71%
A3 35.23%
159.20
B1 38.97%
B2 38.11%
B3 35.57%
Al 39.21%
A2 37.89%
A3 33.93%
175.90
B1 39.33%
B2 37.78%
B3 35.13%
Al 40.10%
A2 37.67%
A3 33.11%
190.88
B1 39.46%
B2 38.06%
B3 34.80%
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Al 40.72%
A2 38.09%
A3 32.86%
206.34
B1 39.67%
B2 38.10%
B3 34.76%
Al 39.63%
A2 36.43%
A3 31.15%
236.57
B1 39.31%
B2 36.89%
B3 32.72%
Al 39.02%
A2 35.03%
A3 29.23%
263.87
B1 39.31%
B2 36.53%
B3 32.19%

e 5 SLIRE R, 5/7 pm MR IIBEE MR EE IR, EihSCR REUT R ARG
T, WRAEAAR, AECEECN 159.20 f50), ME Al G HEATH 2.44% (5/205)3K 15 5 mi RO,
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39.63%; MEIAEEGE PR A 263.9 50, WE Bl 5= LN 3.38% (7/207)3R15 e 0%, fimi
Y1 39.31%. ARIFCREE N R G S RERSEN R RWME 5 R, BAERESEEN 206.34 i)
i AT MIASH 40.72%
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Figure 5. Relationship between the optimal duty ratio and the maximum efficiency under different
concentration ratios
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