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Abstract 

The open circuit voltage decay (OCVD) characteris-
tics of the 4H-SiC pin diodes with the carbon implanta-
tion process are investigated. The bulk carrier lifetime 
in the fabricated devices can be estimated by using the 
OCVD measurement. The carrier lifetime at a high in-
jection level (τHL) of the fabricated diode with the car-
bon implantation is 10.5 µs, which is extremely longer 
than that of the diode with the standard process. 
 
1. Introduction 

To realize UHV SiC bipolar devices, the bulk carrier 
lifetime improvement is highly significant, because the 
conductivity modulation determines the forward voltage 
drop and strongly depends on the bulk carrier lifetime. The 
carbon implantation [1] or the thermal oxidation [2] im-
proves the bulk carrier lifetime of epi-wafers. In contrast, 
the device fabrication processes degrade the bulk carrier 
lifetime, such as through high temperature annealing or 
surface oxidation [3, 4]. Accurate estimation for the bulk 
carrier lifetime of the fabricated devices is important. By 
using the open circuit voltage decay (OCVD) measurement, 
the bulk carrier lifetime in the fabricated devices can be 
estimated. In this paper, we investigate the OCVD charac-
teristics of the 4H-SiC pin diodes with the carbon implanta-
tion process, and the temperature dependence of the esti-
mated carrier lifetime. 
 
2. Device Fabrication 

Figure 1 shows the device structure of a fabricated 
4H-SiC pin diode. The n- drift layer and the p+ anode layer 
were grown on the n+ substrate by epitaxial growth in the 
vertical hot wall reactor [5, 6]. The thickness and the donor 
concentration of the n- drift layer are 120 μm and 7×1013 
cm-3, respectively. The diode active area is 2.3 mm × 2.3 
mm. The carbon implantation process was employed to 
improve the bulk carrier lifetime. In the standard process, 
the carbon implantation was not applied. Figure 2 shows 
the fabrication process of pin diodes with the carbon im-
plantation process [1]. After p+ epitaxial growth, carbon 
atoms with a box sharp profile were implanted at 600O C. 
The concentration and the depth of the box sharp profile are 
5×1020 cm-3 and 250 nm, respectively. The activation an-

nealing process was performed at 1730O C for 30 minutes. 
After the annealing, the layer, which consisted of implanted 
carbon atoms, was removed by reactive ion etching. 
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Fig. 1 Device structure of a fabricated pin diode. 
 

Fig. 2 Fabrication process of pin diodes with the carbon implanta-
tion process. 
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3. Results and Discussions 
The OCVD measurements were performed at a forward 

current density of 100 A/cm2. The turn-off dI/dt is 13 A/µs. 
Figure 3 shows the OCVD waveforms of fabricated pin 
diodes at room temperature. The carrier lifetime at a high 
injection level, τHL, is estimated by the following equation: 
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where dV/dt is the linear part of the voltage decay curve [7]. 
The τHL of the diode with the carbon implantation is 10.5 µs 
at room temperature and is extremely longer than that of 
the diode with the standard process, 1.3 µs. Figure 4 shows 
the temperature dependences of OCVD waveforms of a 
fabricated pin diode with the carbon implantation process. 
The τHL of carbon implanted diode becomes longer with the 
increase of the temperature to 34.7 µs at 250OC. Figure 5 
shows Arrhenius plot of τHL of a carbon implanted diode 
with a temperature range from 27OC to 250OC. The activa-
tion energy estimated by the Arrhenius plot is 0.07 eV. This 
value corresponds approximately to the energy level of the 
shallow recombination center, which possesses a suffi-
ciently strong emission rate at elevated temperatures [8]. 
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Fig. 3 OCVD waveforms of fabricated pin diodes with the stan-
dard process and the carbon implantation process at RT. 
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Fig. 4 Temperature dependences of OCVD waveforms of a fabri-
cated pin diode with the carbon implantation process. 
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Fig. 5 Arrhenius plot of extracted high-level carrier lifetimes of a 
carbon implanted pin diode. 
 
4. Summary 

We investigated the OCVD characteristics of the 
4H-SiC pin diodes with the carbon implantation process, 
and the temperature dependence of the estimated carrier 
lifetime. The τHL of the diode with the carbon implantation 
is 10.5 µs at room temperature and is extremely longer than 
that of the diode with the standard process, 1.3 µs. More-
over, the τHL of the carbon implanted diode becomes longer 
with the increase of the temperature to 34.7 µs at 250O C. 
The activation energy estimated by the Arrhenius plot is 
0.07 eV. This value corresponds approximately to the en-
ergy level of the shallow recombination center, which pos-
sesses a sufficiently strong emission rate at elevated tem-
peratures. 
 
Acknowledgement 

This research is supported by the Japan Society for the Promo-
tion of Science (JSPS) through its “Funding Program for 
World-Leading Innovative R&D on Science and Technology 
(FIRST Program).” 
 
References 
[1] L. Storasta and H. Tsuchida: Appl. Phys. Lett, 90 (2007) 

062116. 
[2] T. Hiyoshi and T. Kimoto: App. Phys. Express, 2 (2009) 

041101. 
[3] T. Miyazawa and H. Tsuchida: Mater. Sci. Forum, 717-720 

(2012) 81. 
[4] M. Domeij, E. Danielsson, H-S. Lee, C-M. Zetterling and M. 

Östling: Mater. Sci. Forum, 483-485 (2005) 889. 
[5] M. Ito, L. Storasta and H. Tsuchida: Appl. Phys. Express, 1 

(2008) 015001. 
[6] H. Tsuchida, I. Kamata, T. Jikimoto and K. Izumi: J. Cryst. 

Growth 237-239 (2002) 1206. 
[7] H. Schlangenotto and W. Gerlach: Solid-State Erectron. 15 

(1972) 393. 
[8] A. Udal and E. Velmre: Mater. Sci. Forum, 556-557 (2007) 

375. 

- 953 -


