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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 trittum-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

[8-9]

Hepe Ak B RELE, | eV P p/ (grem™) Y E M/ (gmol™)
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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Table 3 Electrical parameters of irradiated voltaic effect nuclear battery based on Ti’H, at optimal
semiconductor thickness
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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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Table 4 Electrical performance parameters of single-layer tritium-based nuclear battery

AR AT £ P FRIRL, / nA THREIE Y, /V R TFF RKEEDIEP, /oW
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 245228 0.465 0.571 65.149

24 BEMERNREMAERMK
ONRE— R R AL [ 07 3R A il A 2 A
ISR TEIrid, AWt TR 5 08U B AlGalnP 2 &
HOCRAE, THRE T B R M R R A [F AL 3R AL
M. BT [ 2K F It P 6 R A R S
(a)

Photovoltaic

Tritium lamp module

PinE 12 s &R mAT BTS2
SPARICARAN, WAE XS B = w2k (R A7 3 i it gt AT
FL 2 P RE U I 75 25 18 B AN S RO R AL
RT3, BRIy BRI OT . AHETT
ARV TORA R IRIRE R A R 2 R A
FEL Y P S PR RE RO ER TR

B 12 BJZMmIE E A F b R MBI () K SE I (b)
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

CERIIECT APIES R IR L, / nA T E Y, /v HARTFF  BKEHZEP,, /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
I 51)Z Lower single layer 139.796 0.895 0.512 64.048
H#35k % = Tandem Stacking 79.020 1.550 0.724 88.735
J£ 12 )Z Parallel Stacking 221.787 0.775 0.617 106.138

EELSiv SiC. GaAs — Fh 2 SR /E N gE
TG, H AR SRR SRR R R R AR A, I
J& 7R R A & i e e S O, 15 3
T BT AN [R] A S ) BUR RS RO i AL 2 F
M B A R . WA R R 2 Siy
SiC. GaAs/Z/E 3.8 um. 2.2 ym. 1.7 um i, 3
LR SR NN AES Gy N SR AT I K DA N EERA L)
FLER . RS, AR R
BEAERER . BRERE SR EIRK,
23 5 N 24.928 nA. 10.827 nA.17.514 nA,0.359 V.
2.118 V. 0.650 V, 0.753. 0.935. 0.837, 6.741 nW.
21.430 nW. 9.533 nW, 0.414%. 1.315%. 0.585%,
0.034%-0.108%-0.048% . JT F& 1 F& F AR 25N i 2
A A 2% B K 52 R R PR 5T, B AR T
ZnS @ Cu POt EH I Ots i1, A2 TR

e R BN T TR A7 2R FE v L A P R 2 B i
AR, 5 RERH, MZnS:  CuXHZEEENT um
B, ZnS @ Cu % )2 PR T H 5 1 2¢ 4 8 B e
K, Alik8.698 nW; HAEM/EE T, ZnS : Cu
It 2 A2 T R AR T2 S AR R A A P
ARERE R, TFBEE. EAER T KR
DB R BN, HA T SibRA
e EIR A = G R O )
0.549 nA. 0.168 V. 0.603. 0.056 nW #10.003%.
FE, JFRTHRE. &2 MR R A%
WA, BRT 7 AU R A7 2R it R 2 1 RE R T 5V
WFFL R IR F 3G I m R o B AT B AR AR
HE S EM R R 72, v DU A S A A 2R L
(1 5 K Bt T 26 5 W 2 g o M R S B0 R I
Forb RIS 2 1 Kt Th % T 1A 31 106.138 nW,
A LG T 5 2 A BB 0E I 64%
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