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ABSTRACT The performance of tritium-based nuclear batteries based on two different energy conversion modes,
the irradiated voltaic effect and irradiated photovoltaic effect, was studied by using the Monte Carlo method. The
influence of the geometrical-physical parameters of energy conversion materials on the electrical output performance
of batteries wais investigated. Single-layer and stacked-layer tritium-based nuclear batteries were designed and
prepared. The effects of increasing the tritium source intensity and adopting the stacked-layer configuration on the
enhancement of the electrical output of the batteries were analyzed. The simulation results showed that Si, SiC, and
GaAs photovoltaic modules could be used for irradiated voltaic effect tritium-based nuclear batteries and that their
respective optimal thickness parameters allow the electrical output performance to be optimized; the optimal
thicknesses were 3.8 um, 2.2 pm, and 1.7 pm, respectively. For irradiated photovoltaic effect tritium-based nuclear
batteries, the thickness of the ZnS: Cu fluorescent layer could be adjusted to maximize the emitted fluorescence
irradiance and optimized the electrical output performance. The experimental results showed that increasing the
radiation intensity of the tritium source and adopting the stacked-layer configuration could effectively enhance
electrical parameters such as the maximum output power of tritium-based nuclear batteries. The maximum output
power of the stacked-layer nuclear battery could reach 106.138 nW, which was an increase of more than 64%
compared with that of the single-layer configuration.

KEYWORDS Nuclear battery, Tritium, Monte Carlo method, Irradiated voltaic effect, Irradiated photovoltaic
effect
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Table 1 Various properties of energy conversion materials
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bk} TR E, / eV S p / (grem™) W ) M/ (grmol ™)
Energy conversion materials Energy gap Density Molar mass
Si 1.12 2.329 14
SiC 2.90 3.210 20
GaAs 1.42 5.317 64
ZnS 3.80 4.102 46
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Fig. 1 Ti'H, model (a) and the differential energy spectrum (b) of tritium used in this simulation work
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Fig.2 Trend of surface emission power density and total power emission rate (a), surface emission activity density and total
activity emission rate (b), and self-absorption rate of Ti’H, source with source thickness (c)
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Fig.3 Simulation model of irradiated voltaic effect nuclear
battery based on Ti’H,
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Table 2 Values of semiconductor thickness L in
irradiated voltaic effect nuclear battery based on Ti’'H,

PR RIS JEEXE]L / pm
Types of semiconductor materials Thickness range
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SiC 1.5~2.5
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Fig. 4 Distribution of deposition energy and cumulative
deposition energy in Si (a), SiC (b), and GaAs (c)
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E5 KT Si(@).SiC (b) GaAs (o) (17 HE R 2 B it [ 5 K% H T8 | S KB HA ) 230 5 2 A AR B R T PR A 35
Fig. 5 Variation trend of maximum output power and maximum output power density of nuclear battery based on Ti’H,
with Si (a), SiC (b), and GaAs (c) thickness
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Table 3 Electrical parameters of irradiated voltaic effect nuclear battery based on Ti’H, at optimal
semiconductor thickness

FROCRAMERE MR, JTEEIEY,  ERRTFF O RERERRNE IS¥iia R SN E T

/ pm /nA /'V Fill factor /% /%

Semiconductor photovol- Short circuit ~ Open circuit Device energy conversion Total energy conversion
taic modules (thickness) current voltage efficiency efficiency

Si (3.8) 24.928 0.359 0.753 0.414 0.034

SiC (2.2) 10.827 2.118 0.935 1.315 0.108

GaAs (1.8) 17.514 0.650 0.837 0.585 0.048
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Fig. 6 Distribution of deposition energy and cumulative deposition energy (a), and radioluminescence calculation model in ZnS:Cu
fluorescent layer (b)
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Fig. 8 Variation trend of fluorescence irradiance emitted
from the outer surface of ZnS:Cu fluorescent layer with
thickness
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Fig. 9 Variation trend of the maximum output power of
irradiated photovoltaic effect nuclear battery based on Si and
Ti’H, with ZnS:Cu fluorescence layer thickness
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Fig. 10 Physical diagrams of tritium lamp (a) and GaAs (b), and GaAs external quantum efficiency curve (c)
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Table 4 Electrical performance parameters of single-layer tritium-based nuclear battery

F UKL HKT # FLERFLIALL, / nA RISV, /V AT FF RKEHIIE P, /aW
Semiconductor photo- Number of tritium  Short circuit current ~ Open circuit volt-  Fill factor Maximum output power
voltaic modules lamps age
GaAs 2 129.044 0.405 0.544 28.428
3 198.831 0.445 0.564 49.928
4 245.228 0.465 0.571 65.149
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Fig.12  Structural model (a) and physical diagram (b) of stacked tritium-based nuclear battery
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Fig. 13 [-V (a) and P-V (b) curves of series, parallel stacked and upper, lower single-layer tritium-based nuclear battery
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Table 5 Electrical performance parameters of series, parallel stacked and upper, lower single-layer tritium-based
nuclear battery

ML T % WELAL /nA  JFEGBIEV. /Y BAETFF  RAMEIIEP, /oW
Battery Structure Solutions Short circuit current  Open circuit voltage Fill factor Maximum output power
2 Upper single layer 83.404 1.025 0.793 64.491
T 52 Lower single layer 139.796 0.895 0.512 64.048
£ P65 2 Tandem Stacking 79.020 1.550 0.724 88.735
JF% 2 )2 Parallel Stacking 221.787 0.775 0.617 106.138
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