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Simulation of single—junction GaAs photovoltaic cell output
characteristics by continuous wave laser irradiation
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Abstract: In order to study the effects of single—junction GaAs photovoltaic cell irradiated by 808 nm
continuous wave laser, a physical model was established by software COMSOL and MATLAB. The
voltage —current characteristics, open circuit voltage, short circuit current, photoelectric conversion
efficiency, fill factor and heat steady temperature of cell were simulated, and the influence of the power
densities, equivalent series, parallel resistance and antireflection coating were also discussed. The results
shows that open circuit voltage and short circuit current increases with the increase of laser power
density, while conversion efficiency and fill factor have maximum value. Reducing equivalent series
resistance and increasing equivalent parallel resistance are an effective method to improve the output
performance of cell. It was significant to improve the efficiency of cell with adding antireflection coating,
however making the cell temperature higher at heat steady. The conversion efficiency of cell reaches to

maximum value of 50.13% under 62.4 mW/cm® at heat steady. The simulation result is basically
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consistent with relevant experiments, which can provide theoretical reference for output characteristics

study of photovoltaic cell by continuous wave laser irradiation at some extent.

Key words: continuous wave laser;
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Antireflection coating(SiO,) 100 nm

Emitter(n” " GaAs) 0.5 um

Base(p GaAs) 150 um

Electrode(Al) 5 pm
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Fig.1 Two dimensional axisymmetric model of GaAs

photovoltaic cell at 808 nm continuous

wave laser irradiation
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Tab.1 Model parameters of photoelectric

conversion
Parameter Value
Boltzmann constant k/J - K™ 1.381x107%
Unit charge ¢/C 1.6x107"
Diode ideal factory A 1.2

Intrinsic carrier concentration n;/cm™

3.46x107(T/300)"*x
exp[—30.4/(T/300)]

Internal quantum efficiency at Qr 0.9
Reflectivity R, 0.1
Laser wavelength A/nm 308
Cell radius b/cm 1
Series resistance R/{) 0.3
Parallel resistance R,/{) 1000

Electron mobility w,/cm*+-V="-s™!

Hole mobility /.L,,/cm2 SVlegt

8 000x(7/300)7>*

400x(T/300)72°

Electron diffusion length L,/ pm 1.5
Hole diffusion length L,/pwm 3
Acceptor doping concentration N,/cm™ 1x10"
Donor doping concentration N,/cm™ 1x10"%

1.2 R HRE

T U80S IR % 1 808 nm 180 W Wit R BAIE R

AN, A AR CHOE RE R

H % 2 ' GaAs *f

808 nm R FHOCI MR KT I SR R 20 0 J LA

oK, AT AR AR 28 F FAE S5 R RO F IR SRR A «
pc aT(art,z,t) _
L 0 [ T (r,z,1) }_'_ai[kaT((;;z,t) }+Q(T,r,z,t) (11)

roor ar 9z

O(T.r.z,0)=Io(1-Ro—m) a(D)f(r)g(t)xexp[-a(T)z]

0<z=4.5 pm (12)

f(n=1,0<r=a,, g(t)=1,0<t<x (13)

AT (rzn AR ZDER MR E T 5 p, ¢ Mk 735
N GaAs B | W ML T2 (T r,z,0 HOLH

WP BOCIRIRE L 1, HEOCHREE i Fl g(0) 7>

ol A GO BE 25 ] 20 A1 R E] 3 A1 5 a0 D9 AR
WOLIEBEEAE ; (T) R GaAs XA FHEEM IR AL,

B I 5 A R0 2 A
(T,r,z,tH)l_,=T,=298 K (14)
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Tab.2 Thermal parameters of GaAs
(a) I-V curve versus temperature
Parameter Value 1.14¢
Density p/kg-m™ 5325.6 t1zr
1.10F 67.5mW/cm®
Thermal conductivity k/W - cm™ - K™ 0.425x(T/300)7"! > 108t
Heat capacity ¢/J -kg™ - K™ 303+5x1072T ~ 1Losf
1.04}
Energy gap Ey/eV 1.575-5%10~'T L 02
Coefficient of heat transfer #/W -m==-K 10 1.00 . . . .
298 308 318 328 338
Stefan constant g/W - m=2- K™ 5.64x1078 Temperature/K
Thermal radiation rate & 0.1 (b) JT % H e B VL 2 A9 22 Ak
Laser radius a./cm 1 (b) Open circuit voltage versus temperature
2.91x10%xp[3.22 2 T Lo sas
. .. B .91x10%xp[3.22x > — F, 0.
Absorption coefficient a/cm™ (1.53+1.425-E,—1.17)] 50%F
48% 0.840
A o+ :1
2 HERMER < 46%
44% ) 0.835
BT HLAE GaAs G HLM BT A Y BEALAY R a0k 0830
COMSOL Fll MATLAB ({5 67.5 mW/cm? 0 . . .
40/398 308 318 328 338
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Fig.2 Output characteristics versus temperature and

temperature change of cell at 67.5 mW/cm?
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Fig.3 I-V curve of cell under power density of

67.5 mW/cm? at heat steady
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Fig.4 Output characteristics and temperature of
cell versus /, at heat steady
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Fig.5 Output characteristics of cell versus Ry and R, under

power density of 250 mW/cm? at heat steady

AIAFREE R, M, G Voo B Ige ZNIEBE i, HXF
Pt 6 A BT 2 AR BB, B R, K
i BT ) 28T T— V7 2 e T B AR UL,
F PR L Y R LR B R, BT AR,
WD TR ERE , G L R
I 5 (o) ATUL o il Fy 5B Ry A8 KR LAE T
W, B Al F, 5 Ry HOSC R TR .
n=-0.21R+0.533 (20)

1003006—-6



sroh gk TA2

% 10 21

www.irla.cn
—

% 46 %

F;=—0.33Rs+0.874 (21)
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Fig.6 Temperature change of cell versus R and R, under

power density of 250 mW/cm?
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