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Introduction
Radioisotope-based betavoltaic battery
 Direct conversion battery : irradiation of beta
particles generating electron-hole pairs in p-(i)n junction, which are swept away by junction to
produce the current [1]

 Applications : micro-scale power
sources for biomedical devices,
wireless network, and sensors in
harsh environment, due to small
volume, high energy density, long
lifetime,
and
insensitivity
to
environment [2]

Why GaN for betavoltaic battery ?
 Wide energy band gap (Eg = 3.4 eV)
 higher radiation resistance of device
 higher power conversion efficiency of betavoltaic
(based on theoretical calculation) [3]
- theoretical efficiency of Si : 13.7 %
- theoretical efficiency of GaN : 25.4 %

GaN

 However, reported results are significantly far from the theoretical values due to
inadequate design of epitaxial and device structures
 Need to design structural optimization and analyze performance
considering the native defects

Simulation & Design of GaN-based Betavoltaic Microbattery
Device Structure for Betavoltaic Cell
[GaN-based p-i-n diode structure]

 Doping concentrations
: (p-GaN) 5×1017 cm-3
(n-GaN) 5×1018 cm-3
 Design as a high concentration
for a low contact resistance.

Effects of Doping Concentration on output power density
[Maximum output power density and energy band diagram]

 Contact resistance
: 1×10-4 Ω·cm2
 Design parameters
: i-GaN/p-GaN heights (Hi-GaN, Hp-GaN)
i-GaN doping concentration (Di-GaN)

TCAD Simulation with e-beam Irradiation Model
[Absorption rate vs. penetration depth] [Current and output power density]

 A low Di-GaN  A wide depletion region width
 However, it is difficult to reduce a doping concentration due to native defects.

Variation of Performance by Native Trap States
[Reverse current characteristics without and with trap states]

 Acceptor trap states  A dominant factor for degeneration of performance
 Ni-63 is more suitable as the energy source of
micro-batteries due to relatively low beta particle
energy and long-term half-life.
 The used energy of e-beam
: 17 keV as an average energy of Ni-63.
 Carrier recombination models
: Schockley-Read-Hall (SRH) model, trapassisted tunneling (TAT) model

Effects of Geometric Parameters on Performance
[Variation of performance depended on i-GaN/p-GaN heights]
 Hi-GaN/Hp-GaN affects JSC, VOC, Pout_max.
 Related by the absorption rate, minority
carrier diffusion length, depletion width
 A high Hi-GaN  A increase in absorption rate
However, limited by diffusion length and
depletion width
 Optimum Hi-GaN/Hp-GaN = 100/ 700 nm (in case of 17
keV e-beam irradiation)

[Impacts of acceptor and donor trap density on performance]

 A higher acceptor trap density  JSC ↓, VOC ↓, Pout_max ↓

Summary
 We designed the p-i-n diode and analyzed the effects of design parameters and native
traps on performance using 17 keV e-beam irradiation.
 Optimum Hi-GaN/Hp-GaN is 100/700 nm considering absorption rate and a diffusion length.
 A low Di-GaN can improve output power density because of a wide depletion width.
 The acceptor trap states significantly degenerated the reverse current characteristics
and output power density.
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