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Abstract

Abstract

Traditional energy sources cannot meet the new demands raised by the trend of
integration and miniaturization of MEMS technology. Nuclear microbattery has attracted
wide attention due to its advantages of high density, long life, easy miniaturization and easy
integration. However, the energy conversion efficiency of current nuclear microbatteries is
generally low and theoretical studies in this area are also rare. Based on this, this dissertation
has done some research on how to improve the conversion efficiency of nuclear microbattery

through theoretical and experimental studies.

Theoretical study of silicon betavoltaics is presented firstly. One-dimensional model of
silicon p-n junction nuclear microbattery is established and the analytical expression of
radiation generated current density is derived by solving the minority carrier continuity
equation. Then the B-spectrums of Ni-63, H-3 and Pm-147 are introduced to numerical
calculation and simulation respectively. The effects of base and emitter doping concentration
on short-circuit current density , open-circuit voltage and conversion efficiency of both n*-p
and p*-n silicon betavoltaic nuclear microbattery are discussed respectively, and the optimal
doping concentrations for the maximum conversion efficiency is obtained. One of the key
issues to design silicon betavoltaic battery is junction depth, whose effect on cell
characteristic parameters is studied. The results show that silicon p-n junction betavoltaic
nuclear microbattery should be designed to shallow junction structure to achieve high energy
conversion efficiency. Then the studies on the effects of band gap of semiconductor material
on battery performance are followed and the application prospects of wide band gap

materials on nuclear microbattery are presented.

Secondly the preparation and characterization of porous silicon are briefly introduced.
Then the relationship between the band gap widening effect and the size of structure unit of
porous silicon is studied. The energy conversion efficiency will be increased if porous
silicon is applied to nuclear microbattery. There are two reasons, the one is that porous
silicon can increase the absorption of B particles due to its high specific surface area; the
other is the band gap of microporous silicon and some mesoporous silicon is greater than

that of crystalline silicon due to quantum confinement effect.



Abstract

Finally, a new method for formation of porous silicon based on nanosphere lithography
(NSL) is demonstrated. Template-assisted self-assembly of Polystyrene nanospheres (PNs)
with diameter of 200nm is used to create monolayer of close-packed PNs on surface of
silicon substrate. The effects of various factors on the self-assembly of PNs are discussed in
detail. At last, preliminary study of using monolayer of close-packed PNs as template for the
preparation of porous silicon is conducted and the feasibility of this method is confirmed.

Keywords: Nuclear Microbattery; Porous Silicon; Nanosphere Lithography
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