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Fig. 1. (a) Schematic preparation processes of TNTAs thin film and (b) photographs of samples in different

a
steps: (i) Ti plate; (ii) anodized samples; (iii) sample annealed in air; (iv) sample annealed in Ar.
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Fig. 2. FESEM images of TNTAs thin film. TNTAs thin film in (a) top-view and in (b) enlarged top-view

with size marking; TNTAs thin film in (c) cross-sectional view with thickness marking and in (d) enlarged

cross-sectional view.
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Fig. 3. (a) XRD patterns and (b) ESR patterns of
TNTAs thin films unannealed, annealed in air, and

annealed in Ar.
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Fig. 4. UV-Vis spectra of TNTAs thin films unan-

nealed, annealed in air and annealed in Ar.
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Fig. 5. (a) I-V characteristics of Ni/TNTAs/Ti structures using TNTAs samples annealed in air and annealed in
Ar; (b) I-V characteristics of 63Ni/TNTAs/Ti structures using TNTAs samples annealed in air and annealed in Ar;
(c) current density and power density of 8 voltaic devices using TNTAs samples annealed in air and annealed in Ar;

(d) schematic structure of 3Ni § voltaic device based on one-dimension TNTAs thin film.
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Table 1. Measurement results of the 3 voltaic device.
o gk R
MR H

Air (S2) Ar (S3)
HEHE Voc/V 0.79 1.02
FEE%FI Isc/nA 28.85 72.52
i R /nA-cm 2 14.43 36.26
FR IR X R R Vinp /V 0.41 0.60
R A R R Tmp/nA - 14.24 51.87

B R Th 25 A B HE Y
B K Th e A s ot BT EL R 719 05,04
Jmp/nA-cm™?2
R H TN ZE Prax /nW 5.84 31.12
WART FF 0.26 0.40
a SRR n/% 0.62 3.32
D BRI ne /% 4.21 22.48

a: RAEA BAEATA, 10 mCi R 5HE Sz bR A B EE
FE59.25 mCi; b: MRAEHBIEE 1.37 mCi 5.
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Abstract

This work is to develop a high-reliability long-life high-conversion-efficiency radio-isotope microbattery in order to
meet power requirements of micro-electromechanical systems, micro-sensors, micro-actuators, wireless sensing net, and
other electron devices working in harsh circumstances, such as polar, desert, subsea, outer surface, etc. Compared with
traditional dry batteries, chemical batteries, fuel cells and solar cells, the radioactive isotope batteries have long service
life, higher energy density, strong adaptability to environment, good work stability, no maintenance, and miniaturized
size, etc. These advantages make the 8 voltaic battery an attractive alternative. In this paper we present a 8 voltaic
battery with enhanced S voltaic effect by using a wide-bandgap semiconductor TiO2 nanotube array thin film. An
electrochemical anodic oxidation method is used to prepare the vertically oriented and highly ordered TiO2 nanotube
array film on Ti plate. Electrolyte solution consists of ammonium fluoride, ethylene glycol, and deionized water. The
structure (TiO2 nanotube array with diameter about 80-100 nm, wall thickness about 15-25 nm, and length 9 pum)
is characterized by field emission scanning electron microscope. The microstructure of the TiO2 nanotube array is
characterized using X-ray diffraction. The effects of annealing condition on optical and electrical properties are studied.
The electrical property is characterized by Keithley model 2450 source meter semiconductor characterization system in
dark at room temperature. The 3 voltaic batteries are assembled as a sandwiched structure (®*Ni/TiOz nanotube arrays
film/Ti) using a radioisotope 53Ni plate and TiOs nanotube array films. The experimental results show that the black
TiO2 nanotube array film annealed at 450 °C in argon atmosphere could creates high visible-ultraviolet absorption due
to a great many of oxygen vacancy defects generated in TiO2 nanotube array film. The oxygen vacancy signals are found
by electron spin resonance. Compared with the planar structure, the nano-porous array structure has strong absorption
to B particles: most of the [ particles enter into the pores and are reflected or absorbed by the surface of the tube
walls. With a 10 mCi %3Ni radiation source, the 8 voltaic battery using black TiO2 nanotube array film can generate an
open-circuited voltage of 1.02 V, a short-circuited current of 75.52 nA, and a maximum effective conversion efficiency of
22.48%.

Keywords: TiOs; nanotube arrays thin films, electrochemical anodic oxidation, [ voltaic battery, g

voltaic effect
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