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Abstract—A high open-circuit voltage betavoltaic cell based 

on a SiC pin homojunction is achieved. The open-circuit 

voltage (0.98V) and the power density (8.0nW/cm2) of the cell 

are the highest in the all reported SiC betavoltaic cells using 
63Ni as irradiation source. The fill factor (FF) of the cell (74%) 

is the highest in all of the wide band gap semiconductor 

betavoltaic cells, including SiC and GaN. 
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I. INTRODUCTION 

Due to the higher energy densities and longer lifetimes 

of radioisotopes compared with chemical fuels, radioactive 

power sources should be considered as an alternative to next 

generation battery technologies, particularly for long-term 

applications, such as space and undersea explorations, 

implanted biomedical micro-devices, and sensor networks 

for environmental monitoring. 

A betavoltaic converts a portion of the energy carried by 

beta (β) particles into electric power in much the same way 

a photovoltaic converts energy from light. Each beta 

particle’s kinetic energy creates electron-hole pairs (EHPs). 

The voltage of the device is a function of this generation 

current, the semiconductor band gap, and the p- and n-

doping levels. A very high percentage of EHPs created in or 

near the depletion region of the pn junction will be collected 

as generation current at the contact terminals of the device. 

The voltage of the device is a function of this generation 

current, the semiconductor band gap, and the p- and n-

doping levels. Theoretical analysis shows that the efficiency 

of betavoltaic conversion increases with increase of the 

bandgap of the semiconductor. In addition, wide band gap 

semiconductors, such as SiC (bandgap of 2.3–3.3 eV) and 

GaN (bandgap of 3.4 eV), have the advantage of higher 

radiation resistance.  

Semiconductor pn junctions for the conversion of beta 

radiation into electrical power were first suggested in the 

1950s
[1, 2]

. In the past several years, the pn or p-i-n structure 

betavoltaic cells using Si, SiC, GaN have been fabricated 

and different radiant sources have been used, such as 
63

Ni, 
33

P and 
147

Pm.  

In this study, a SiC p-i-n junction betavoltaic cell is

designed, fabricated, and electrical power output under 

irradiation from 
63

Ni. The reason that 
63

Ni is chosen is the 

half-life of 
63

Ni is quite long: 100.1 years. In other words, 

the output power of the cell will decrease by 50% every 

100.1 years, assuming no other degradation mechanisms are 

at play. And 
63

Ni has low level beta radiation for safety 

considerations (the maximum beta energy is 66.9 keV and 

average beta energy is 17.4 keV for 
63

Ni).  

II. CELL DESIGN

Before the cell was fabricated, the Monte Carlo (MC) 

method is used to simulate the power deposition of beta 

particles emitted from 
63

Ni in SiC for the device structure 

design, with the beta spectrum of 
63

Ni considered. The result 

of simulation indicates the maximum of the power 

deposition of beta particles is at the surface of SiC. The 

power deposition decreases with the depth from the surface. 

In order to increase the conversion efficiency, the depletion 

region should be as close as possible to the surface of SiC.  

In the addition, the simulation shows that the 

relationship between the number of EHPs generated and the 

depth of beta particles emitted from 
63

Ni into SiC is

exponential decline. At the same time, for p-i-n diode 

structure, decreasing the doping level of i-layer should 

increase the depletion width and thus increase the number of 

electron–hole pairs generated inside the depletion region. 

But if the i-layer is too thick, the series resistance of cell 

will be too high to affect the performance of the cell; on the 

other side, if the i-layer is too thin, it will not collect enough 

electron–hole pairs. 

III. FABRICATION OF CELLS 

As the result of the simulation, the structure of the 

betavoltaic cell is determined. The thickness of i-layer 

should be 3.5mm with 
15 31 10 cm-

´  free-electron 

concentration, and the thickness of p-type layer should be 

0.3mm, which is heavily doped
19 32.2 10 cm-

´ to form 

the ohmic contacts. For fabrication of SiC betavoltaic cells, 

first, 380mm highly doped 
18 35 10 cm-

´ n-type 8-off-axis 

4H-SiC (0001) substrates commercially available from Cree 

are used. After the epitaxial growth of the i-layer and p-type 

layer in an Aixtron/Epigress VP508 Hot-Wall CVD reactor, 

the p-type layer is patterned and etched using an inductively 

coupled plasma (ICP) etching system to form the mesa 

structure of the cell. Then an electron-beam evaporator is 



 

used to deposit the p-type contact metal : Ti/Al /Au 

(50/100/100 nm). Next, the backside n-type contact metal, 

Ti/Ni/Au (50/400/100nm), is deposited. Ohmic contact is 

fabricated by annealing at 1050  for 3 mins in an N2 

ambient. The size of the fabricated single cell is 2 × 2 mm
2
. 

In the Fig.1, schematic structure of SiC pin betavoltaic cell 

is shown. There are five electrode structures designed in this 

paper, as shown in Fig.2. 

 
Fig. 1. Schematic structure of SiC pin betavoltaic cell 

 

 
 

Fig. 2. SEM photograph of SiC pin betavoltaic cell 

IV.  TESTING UNDER ILLUMINATION 

Fig. 3 shows the I-V curves of the cell after covering 

with a solid 
63

Ni source with an activity of 0.16 mCi. The 

open circuit voltage (Voc) and short-circuit current (Isc) are 

0.98V and 0.51nA, respectively. The maximum output 

power of the betavoltaic cell is 0.32nW (8.0nW/cm
2
). And 

cells have the fill factor (FF) of 64%.Energy conversion 

efficiency of radiation energy into electrical power (η) is 

1.99%. 

Fig. 4 shows the I-V curves of the cell after covering 

with a solid 
63

Ni source with an activity of 0.096 mCi. The 

open circuit voltage (Voc) and short-circuit current (Isc) are 

0.95V and 0.21nA, respectively. The maximum output 

power of the betavoltaic cell is 0.14nW(3.5nW/cm
2
). And 

cells have the fill factor (FF) of 74%.Energy conversion 

efficiency of radiation energy into electrical power (η) is 

1.5%. 

V. CONCLUSION 

A high open-circuit voltage betavoltaic cell based on a 

SiC pin homojunction is achieved. In the all reported SiC 

betavoltaic cells using 
63

Ni as irradiation source, the open-

circuit voltage (0.98V) and the power density (8.0nW/cm
2
) 

of our cell are the highest. The fill factor (FF) of our cell 

(74%) is the highest in all the wide band gap semiconductor 

betavoltaic cells, including SiC and GaN. 
[3-8]
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Fig. 3. I-V curves of the cell under 0.16 mCi 63Ni source irradiation 
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Fig. 4. I-V curves of the cell under 0.096 mCi 63Ni source irradiation 
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