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Introduction:

•Schottky barrier diode radiation detectors have recently been of great
interest to the space and nuclear industries for their resilience to radiation
and good detector resolution.

•However, after high dose proton irradiation the full width half maximum
(FWHM) resolution of the detector degrades, approximately 1.3 to 1.7 keV at
X-ray energies of 22.16 keV [1].

•This study examines the influence of radiation dose on detector resolution
through both electrical and material characterisation techniques such as DLTS.
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Experimental:

•Schottky contacts were formed on the surface by deposition of 3 nm of Ti and 12 nm of Ni using e-beam evaporation. The samples were then annealed at
600 oC to form NiSix, which has a greater thermal stability than pure Ni contacts [2].

•Irradiation of the diodes took place in two phases. During Phase 1 the diodes were exposed to protons at an energy of 63 MeV, with a total proton fluence
of 1011 cm-2. The equivalent ionising dose in silicon is approximately 14 krads (140 Gy) [1]. In Phase 2, the nominal proton beam energy was 50 MeV, with
an accumulated proton dose of 9.92×1012 cm-2.
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Trap 
Label

Ec–ET

(eV)
NT (cm-3) σ (cm-2) Trap Level

1 0.39 4.5×1013 8.3×10-16 EH1 [d]

2 0.66 2.9×1014 8.24×10-15 Z1/Z2 [e]

3 0.67 1.2×1014 6×10-16 EH3 [e]

4 0.94 1×1014 5.9×10-15 EH4 [e]

5 1.1 4×1013 1.7×10-15 EH5 [e]Conclusions:

•Exposure to proton irradiation has degraded the device’s ability
to monitor radiation with a high energy resolution. This has been
caused by the formation of defects in the bulk semiconductor.

•The defects appear as electron traps, allowing trap assisted
conduction in the device. This causes an increase in leakage
current and therefore a drop in resolution.

•The small drop in carrier concentration accounts for a rise in
series resistance. Although the detector has lost some spectral
resolution, the device still works effectively after receiving a
radiation dose equivalent to a Exo-Mars mission.

Un-irradiated 
Sample

Irradiated 
Sample

Nd (cm-3) 9.24×1014 6.52×1014

Φ0B (I-V)(eV) 1.21 1.25

ΦFB (C-V)(eV) 1.49 1.52

n 1.06 1.05

Rs (Ω) 37 65

Z1/Z2 NT (cm-3) 3.5×1010 2.9×1014

Results & Discussion:

•Figure 2 shows reverse I-V characteristics for both the radiated
and non-radiated devices. Table 1 shows the calculated zero bias
and flat band barrier heights, carrier concentrations, ideality
factors and series resistances for both devices.

•The reverse bias results showed that the reverse leakage of the
diode increased after irradiation. Forward characteristics showed
that series resistance also increased whilst ideality remained
unaltered. C-V measurements also showed that barrier height (flat
band) (ΦFB) was unchanged and carrier concentration was
decreased significantly by exposure.

•The drop in carrier concentration is likely to be caused by traps in
the bulk semiconductor. This increases the resistivity of the
semiconductor, causing a rise in series resistance. As the ideality
factor remains constant, this would indicate that the Schottky
barrier interface is unaffected by exposure to radiation; this is also
supported by both barrier heights remaining constant.

•Trap assisted conduction through the barrier is the cause of an
increase in reverse leakage. This matched data from literature. F.
Nava et al [3] reported a 10 fold increase in reverse leakage of
their Schottky diode after irradiation of 9.37×1013 protons.

•Five dominant trap levels were located in the radiated sample, as
shown in table 2. Figure 4 shows the Arrhenius plot for the
radiated device.

•Figure 3 shows the detectors spectra from a 55Fe radioisotope
source after an accumulation period of 17 hours. After proton
irradiation, the FWHM of the peak has broadened, showing that
the resolution of the detector has decreased. The calculated
FWHM for the 5.9 keV peak for the pre, 1st and 2nd irradiated
diodes were 1.38 keV, 1.31 keV and 2.51 keV respectively. The drop
in resolution of the detector is, in part, caused by noise
proportional to the reverse leakage of the device.

Fig. 1. Schematic cross-section of the 
semi-transparent 4H-SiC Schottky diode.

Fig. 2. Reverse I-V characteristics at room 
temperature.

Table 1. Comparison of diode characteristics.

Fig. 3. Spectra from a 55Fe source on a diode
before and after irradiation. 

Table 2. Traps observed in radiated sample 

Fig. 4. Radiated sample Arrhenius plot.

Abstract:

Detectors capable of withstanding high radiation environments for
prolonged periods of exposure are essential for the monitoring of nuclear
power stations and nuclear waste as well as space exploration. Schottky
diode X-ray detectors were exposed to high dose proton irradiation
(1013 cm-2, 50 MeV) and changes in the detection resolution (spectroscopic
full width half-maximum) have been observed. Using Deep Level Transient
Spectroscopy (DLTS) and the degradation of the electrical characteristics of
the diode, we have shown that radiation induced traps located in the upper
half of the bandgap have reduced the concentration of carriers.


