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Abstract  [Background] Betavoltaic nuclear batteries, leveraging beta-emitting radioisotopes, offer inherent
advantages such as long-term reliability, high energy density, compact form factors, and robust resistance to
interference, positioning them as promising power sources for self-powered portable or embedded microdevices.
[Purpose] This study aims to enhance the conversion efficiency and output power of betavoltaic batteries with
comprehensive consideration of the effects of backscattering, depletion region width, diffusion length, and electrode
structure on charge collection efficiency, conversion efficiency, and output power. [Methods] By optimizing the

device and electrode structure, i.e., introducing a PIN structure with "concentration gradient I- layer", optimizing the
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depletion region width, doping concentration and electrode materials, and increasing the spacing between electrode

grid lines, ®Ni-SiC-based PIN junction betavoltaic batteries were successfully fabricated with higher overall

conversion efficiency and output power. Both the Monte Carlo simulations and numerical computations were

employed to obtain characteristic parameters of these developed batteries, and their performances were measured by

experiments. [Results] The fabricated batteries exhibit short-circuit currents, open-circuit voltages, output powers,

and total conversion efficiencies ranging from 10.29 nA-cm™ to 13.43 nA-cm™, 1.32 V to 1.44 V, 11.66 nW-cm™ to

14.69 nW-cm™, and 2.24% to 2.82%, respectively. Compared with previous reported work, the open-circuit voltage,

fill factor, and overall conversion efficiency increase by an average of 127.50%, 114.47%, and 512.10%, respectively.

Moreover, the overall conversion efficiency is higher than those reported in the literature (0.5% to 1.99%).

[Conclusions] These results indicate that the conversion efficiency and output power of betavoltaic batteries can be

significantly improved by taking above-mentioned optimization measures, providing important theoretical guidance

and experimental evidence for the design and fabrication of betavoltaic batteries.

Key words Betavoltaic battery, SiC, *Ni, Conversion efficiencies, Output power, Ohmic contacts
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Table 1 Process parameters for preparing SiC Ohmic contacts

BREY  GELRG BRI SEP EN:) bl L BH S0k
Doping type  Metallization system Concentration /cm™  Annealing environment  Specific resistance / Q-cm’ Reference
N7 Ni/Ti/Al/ 2x10" 800 °C 2 min 1.8x107 [30]
Ti 1x10% 950 °C 3 min 7.7%107
Al/Ni 9x10" 800 °C 5.0x107
Ge/Ti/Al 4.5%10" 600 °C 30 min 1.0x10™*
Ni 1x10" 1 050 °C 10 min 6.0x10°° [31]
Ti/Ni 8x10" 950 °C 1 min 2.3x107° [32]
pA Ti/AVW 1x10% 1100°C 5.8x107 [33]
Ni/TiI/AVW 1x10% 750°C 120 s 4.1x107° [34]
Ni/Ti/Al/Ni 3%10" 800°C 90 s 1.5%107 [35]
Ge/Ti/Al 4.5x10" 600°C 30 min 1.7x10™* [36]
220 nm.220 nm A1 0.3 em™". B (3)~(S) A1,
W] L — — 1| Minimum Unit J AV, 433182218 nA-em” 12,18 Vo 5,24220 nm
T W R4 R PRI FE BT R R %, 0t
f L i SRR 28.92% 462 B4 T BRI
WS AR S HL .
" - Vel S JEOT 7 Lt T SRR 5 3 g 5 K
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Fig.4 Design of the P-type electrode for SiC-based
betavoltaic cells
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Table 2 Relevant parameters involved in the design of grid electrode patterns

AP i Variable  ZB 57 X Variable meaning AR5 Variable  AF 5% Y Variable meaning
M LIRS P RES H R £ ) BE
Diffusion layer resistance power loss rate Subgrid line spacing
Moy R LIRS TS L, MK
Main grid line resistance power loss rate Main grid line length
M R £ FEL BEL Dl e 5 O W, T T
Subgrid line resistance power loss rate Main grid line width
e TR B o e BEL D e 45 2 26 h, TR IE
Subgrid line contact resistance power loss rate Main grid line thickness
1, M R A IEE 4 Th AR 4 R P I HUZEIT S I
Grid line electrode shielding power loss rate Diffusion layer square resistance
n ISR S P . B2 2 ik Pl BEL 26
Total power loss rate Subgrid line contact resistance
L HIHIHR P, <) RN R P 2
Subgrid line length Metal electrode resistivity
W, R £ 95 P2 v, - INVIESELVES
Subgrid line width Maximum power point voltage
h, Bl 5P J, BRI i LR L
Subgrid line thickness Maximum power point current density
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—Battery #1, /=1 000 um
— Battery #2, H=750 um
~ Battery #3, H=500 um
-| — Battery #4, H=250 um

J/nA-cm?

0.4 0.8 1.2 1.6
Voltage / V

1.0
— Battery #1 (b)
08} — Battery #2
— Battery #3
% — #4
E 06l Battery
3
~ 04F
\
0.2
0
0.4 0.8 12 1.6
Voltage / V

(=18 AN[F) bR &5 ) PR A AR F B AE A [ BRI 1) J- W ARe e i 2 CR2 B DL I 246 i)
(a) YRIREL, (b) HEFAEL
Fig.8 J-V characteristic curves of betavoltaic batteries with different electrode structures in various environment (color online)
(a) Source environment, (b) Dark environment

0.83, P, AbF 11.66~14.69 nW-cm™, 5, 4T 2.24%~
2.82%. KRILP, Jn. WE HTH N, X5 J. 56 H
AR S — B . X E R D H 3G N, 48 1 F A
T B R B HR R ZBR AL, BT R e Re 28
PRI Th 2 5 m, i A4S P, e 38 . 5
A2 BT TAES AL, Voo FF Ky, 23 50 ¥ 32 v
127.50% 114.47% }% 512.10%, W14 3 frox. X IHH
F UL B« 1) X P Y R fih Fi AR AR A
T UL SR K A 04T T 04 . P ARY R A 422 ik PRI A4
L 2Z BT i TI/ALVAW(50/100/100 nm) A 4% A Ni/Ti/
AW (50/30/90/50 nm) 5 i& -k 3 & FTIR KA 8] B 2
AT 1050 °CAH13 min {4k 4950 °CHI S min , 75 KK
Ok o R Ut PRI R H 2 A R SR R R =
[ = T 48 A I A S 6 T A 28 e A, A R BRI T
RS, INTTHETE T LR . 20 FhE Hlifh
T U f L A S5 B AR R A ) £ 2 BRI
3 PR T B S R LR LR, (BRI T 4~13 4
B , N E R T T I RE R, S BUS H Ak
Rt Th AR ) R R T

AN, B AR E T E A TFIRIE 4 ] (. :
0.5%~1.99%"") . %t F PIN 45 #4 5 AR e it > 5k
Ui, 1X T B R 1E 195 22K M (1~3)x10" em™

FEAR ZE 110" em™, AT RLFRTH 17 HL A7 O SR 0
LR . AN TR E M 3.5~4 um & T} &
10 um, B ATAECCE 1 KL TS RE S ge a5 AR A
R AT ISR X A VL BERESE

DR ERCEANINE IR S o L= e S PN R |
THEL T BT A TR A AR 45 2 56, R B X 453 2K =R it
HF H RGN AR, 5 AR B T B A IR
AU I 5D 2 — B0 . 2R W1 REE 24 108 n e Al [R] £
(1) DA FAEAR R LR DR B R 3, AT 42 T Fi b A %
BRI TR

3 #iE

L SRS R B RN, RE R X B R PR
J5 T FE AW 45 ) 4 DR] 38 0] B AR, R b P 2 R S T,
F i) 2% 7 e B e 0 R i ) e Ak T A K P
1) “Ni-SiC 2% PIN gh 4R Rl it . 7ERALZEAE T, il
AR R I T 00 S ) PR B - K FE IR IA 2
710.29~13.43 nA-cm™, JF S HL R A 1.32~1.44 V., %l
T B N 11.66~14.69 nW-em ™, i i 4 3 e 4k
T 2.24%~2.82%. FHECT A BIBA 2 11 0 TAE , &
T EARAE (5 AR Fe it 7E T B H s 3B 78 R AL
MR T TH A3 A P31 127.50%114.47% J%

010503-7



%

SN

2025, 48: 010503

&3 BRI SR

Table 3  Analysis results of betavoltaic battery testing

Hilldes  H Jee Ve FF J, P, N AR SR
Battery ID  /um /nA-cm™ /V /A-cm™ /aW-ecm™ /% Relative loss Reference
rate
#1 1 000 13.43 1.32 0.83 8.9x1077  14.69 282 0 ATAE
#2 750 12.85 134 081 1.4x10™"  13.99 269 48% This work
#3 500 11.00 1.36 0.83 2.0x10% 1237 237 15.8%
#4 250 10.29 144 079 12x10%  11.66 224 20.6%
#a — 17.03 0.45 0.28 5.9x10™  2.13 026  — A [ A 22 R AR
#b — 1236 0.82 030 1.2x10™%  3.09 038 — Our previous work"”
#e — 16.41 0.53 0.56 53x107°  4.84 060 —

512.10%. 5 O JFRIE 10 45 RAH b, A U 48
IR B B B RO IS T W R AR . RS LU
) T 25 e e A R A A I A e R ) A2 T B T
R IRIGAIE 1B I A BE A AN R R S5 A T L
A RERTHE AR I LR, WO AR AR IR B S
] £ R AL H L LR 4R SR ST IO

Buft R#TERFReEYRMFRTIEZEL
EEAREAALXEARFCRFERFRAAFT
18 5 AT R S SE B o 0 AT TR R B8y ok
AL H .

EETTEAERR FMEERFTIXFELE ERITH. E
Bl & LRI AT, R SUE S FRIE K T
AHER XEFFACBGIREAAFTE RERL
BIIXEEELERBEIGITIXE; ZHEAS G
TXEAAR AT BREEE,
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