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Abstract

The nuclear battery, also known as radioisotope battery. Nuclear battery is an
ideal choice for MEMS because of its high energy density, long half-life, stable
energy and easy integration. Microelectromechanical system (MEMS) is the
integration of microcircuits and micromachinery on the chip according to the function
requirements, which has the characteristics of miniaturization, mass production,
integration and multidisciplinary crossing. In this paper, we mainly study the
betavoltaic battery (hereafter referred to as beta nuclear battery), which is the device
that converts the decay energy released by radioactive sources into electricity. The
research content of beta nuclear battery mainly includes two aspects: one is the
selection of appropriate radioactive sources and semiconductor energy converter
materials, the other is the structure of energy converter of the beta nuclear battery. By
optimizing the design of the beta nuclear battery, the output performance of the
battery is improved. The work of this paper consists of the following two parts:

1. In this paper, MCNP software (Monte Carlo N-Particle) based on Monte Carlo
method is used for simulation calculation. Firstly, the self-absorption effect of Ti*Ha
source and the energy deposition distribution of Ti*H, source in the SiC
semiconductor material are simulated. Then, the relationship between doping
concentrations and basic factors such as minority carrier diffusion lengths and the
width of the depletion region are analyzed via the calculation formulas. Finally, the
maximum output power density and energy conversion efficiency are calculated to
optimize the output performance of the beta nuclear battery. The results show that the
optimal thickness of the Ti*Ha is about 0.7 pum, the doping concentrations of P-region
and N-region are 2.5x10'® cm ’, and the junction depth of PN junction is 0.1 um. The
surface recombination velocities of electron and hole are 1x10° cm/s, respectively.
The short-circuit current is 0.11 pA/cm?, the open-circuit voltage is 2.23 V, the
maximum output power density is 0.22 pW/cm?, the filling factor is 0.94, and the

energy conversion efficiency is 2.37%.
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2 Firstly, the energy deposition distribution of ®*Ni source in GaAs/AliGaixAs
semiconductor material is simulated based on Monte Carlo method, and then the
generation rate distribution of electron-hole pairs is obtained. Then, COMSOL
Multiphysics software was used to optimize the structural parameters of the energy
converter, calculate the maximum output power density, and optimize the output
performance. At the same time, COMSOL Multiphysics software can also simulate
the energy band structure, transport and collection of carriers. The results show that
the optimal heterojunction beta nuclear battery have more favorable energy band
structure, which is conducive to the transport and collection of carriers. The thickness
of P-type GaAs cap layer is 0.01 um, the thickness of P-type AlxGaixAs window layer
is 0.01 pm, the thickness of P-type AlxGaixAs emission layer is 3.6 pum, the thickness
of N-type AlxGaixAs base layer is 3 um, and the thickness of N-type GaAs buffer
layer is 0.1 pm. The doping concentration of P-type GaAs hat layer is 2x10' ¢cm?,
that of P-type AlxGai.xAs window layer is 9x10'8 cm™, and that of P-type AlxGaixAs
emission layer is 1x10' ¢m=. The doping concentration of N-type AlyGaixAs base
layer is 8x10'® ¢cm™, the doping concentration of N-type GaAs buffer layer is 1x10'6
cm, the Al mole coefficient of P-type AlxGaixAs window layer is 0.9, and the Al
mole coefficient of P-type AlxGaixAs emission layer is 0. The Al molar coefficient of
N-type AlxGai«As base layer is 0.4, the short-circuit current density is 93.65 nA/cm?,
the open-circuit voltage is 1.23 V, the maximum output power density is 107.04
nW/cm?, and the energy conversion efficiency is 6.14%.

The main research contents of this paper are as follows: firstly, the
self-absorption effect of radioactive isotope sources is simulated and the optimal
thickness of radioactive isotope sources is determined; Secondly, the energy
deposition distribution of radioactive isotope sources in semiconductor materials is
simulated. Finally, the theoretical calculation formulas or COMSOL Multiphysics
software are used to calculate the parameters of the beta nuclear battery in theory or
software simulation, so as to optimize the output performance of the beta nuclear
battery. The results of this paper have a certain promoting effect on the development
of beta nuclear battery. In addition, the Monte Carlo method simulation, theoretical
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calculation and COMSOL Multiphysics software simulation in this paper can be
applied to any beta nuclear battery containing other semiconductor materials and beta

radioactive isotope sources.
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