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Abstract: We present the design, simulation, and experimental validation of an InP/In, ;,Ga, ,,As laser power converter
for the wavelength of 1 550 nm. By optimizing the thickness of the absorption layer and adopting a dual-layer anti-
reflective structure (SiO, and SiN) , the device achieves an absorptance of 96% under 1 550 nm laser irradiation,
demonstrating insensitivity to angle variation and robust to wavelength shifts. The experimental results are in good
agreement with the theoretical calculation results. The external quantum efficiency (EQE) reaches 92%. Under a laser
power density of 47 mW/cm?, the cell’ s conversion efficiency reaches 23%. Theoretical analysis reveals that the main
reason for the experimental results being lower than the theoretical predicted values is that the sample devices have a rel-
atively high series resistance and a relatively low parallel resistance. Further refinement of device processing is needed
to reduce series and shunt resistances, thereby enhancing the overall efficiency of the laser photovoltaic cell. In addi-
tion, this study delves into the impact of cell area on the photovoltaic performance , providing optimization direc-
tions for the miniaturization of laser photovoltaic cells.
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and after packaging; (b) schematic diagram of the testing sys-

Device packaging and testing: (a) the cells before

tem for laser photovoltaic cell
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Fig. 2 Structure of laser photovoltaic cell: (a) schematic diagram (the inset shows an optical image of the fabricated device) ;

(b) cross-sectional view



480 WP LT 4%
5.0 5.0
(a) I— InGaAs-n — InP-n (b) —SiO,-n — SiN-n
- -InGaAs-k — -InP-k : §
40 M 40 - S10,-k —-SiNK
3.0 3.0
- ™
< 1550 nm s 1550 nm
2.0+, 2.0
\-
1o]. 1.0
B RN ’
~ ~\\‘.~ s
0.0 il P il e T =cd 00
400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
Wavelength/nm Wavelength/nm

K3 MEDEESHIL: (a) SME InP In, Ga, ,As W E2 2R (T 555 n A D' 28 800 BER K A (LG R K 5 (0) IR =

SiO, il SiN R ) 64 S ARl 1 A2 1 5 R IE

Fig. 3 Refractive index testing of materials: (a) refractive index n and extinction coefficient k of epitaxial InP and In, ,,Ga, ,,As

thin films; (b) refractive index n and extinction coefficient k of SiO, and SiN thin films
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Fig. 4 Optical simulation results and experimental results: (a) absorptance (4), reflectance (R), and transmittance (7) of the

proposed device without an anti-reflective layer versus the thickness of the absorber (7, ., ) at 1 550 nm; (b) reflectance versus the

InGaAs

thicknesses of anti-reflective layer (zy,,, ) with ., =4 050 nm at 1 550 nm; (c) results of the calculated and experimental re-
flection spectra, S1 and S2 represent the sample with and without anti-reflective layers, respectively; (d) absorptance of the pro-
posed device as a function of laser wavelength and incident angle
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Fig. 5 Electrical simulation results and experimental test results: (a) external quantum efficiency (EQE) spectrum of the laser
photovoltaic cell (red curve represents the theoretical calculation result, blue solid line shows the experimental measurement) ; (b)
current density-voltage (J-¥) curve of the laser photovoltaic cell at 1 550 nm and a power density of P= 47 mW/cm? (blue solid line

is the experimental result, red dash-dotted line represents the calculated result, black dashed line shows the fitted result)
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Fig. 6 Relationship between the performance parameters of laser photovoltaic cells and input power density: (a) short-circuit cur-

rent density; (b) open-circuit voltage; (c) conversion efficiency; (d) output power density
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Fig. 7 Performance parameters of laser photovoltaic cells with different cell areas versus the incident power density: (a) open-cir-

cuit voltage; (b) conversion efficiency
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Table 2 Performance parameters of laser photovoltaic

cells with different cell area at the peak point

Cell Area/mm®>  0.2x0.2  0.5x0.5  Ixl1  2x2  4x4
V. /mV 320 330 380 355 340
./ mA/em? 1458 565 457 174 56
FF/ (%) 56.3 52.4 53.5 55.8  56.0
./ (%) 20.7 19.9 23.4 22,8 227
P,/ (mW/em?) 1268 491 397 151 47
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