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Introduction

* Energetic particles can cause two types of
damage:

* Bulk damage
- Variation of effective doping concentration
— Variation of the leakage current
— Trapping

» Surface damage: accumulation of oxide
and interface charge in the oxide
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Threshold displacement energy E,

* The radiation resistance is typically higher for
semiconductor or semi-insulating materials with
a higher threshold displacement energy, E,.

* The value of E, for 4H-SIC is 20-35 eV larger
than those for Si, GaAs and CdTe by a factor of
1.5 or more and is smaller than that for diamond
by a factor of 2.

* This theoretical prediction has promoted
research in the world on the radiation resistance
of SiC
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Irradiation with electrons
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DLTS: protons and electrons

Comparizon with published data
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levels by proton and
electron-irradiation in 4H
silicon carbide,” J. Appl. Phys.
98 53706 (2005).



Defects: protons and electrons
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Protons 8 MeV and 1 GeV

Analysis with protons of 8 MeV and 1 GeV

The number of primary vacancies for proton energies of 8
MeV and 1 GeV equal 110 : 1, due to a decrease in the
cross section for proton scattering by Si and C atoms as
the proton energy increases.

Experimentally, concentrations of the V-+Vg in the two
above cases are related as 400 to 1.

In the case of irradiation with high-energy protons, more
compact Frenkel pairs are formed; recombination of
vacancies and interstitial atoms occurs more efficiently for
these pairs. Accordingly, a lesser number of vacancies is
transferred from the tracks of recoil atoms to the film bulk
with subsequent formation of the V+Vg; centers.

Lebedev A A, Ivanov A M and Strokan N B,”’Radiation resistance of SiC and nuclear
radiation detectors based on SiC films,” Semiconductor 38 125-47 2004
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F. Moscatelli, et al, "Radiation Hardness after Very High Neutron Irradiation of Minimum lonizing Particle

Detectors Based on 4H-SiC p+n Junctions”, Nuclear Science, IEEE Transactions on, Volume: 53, n. 3 ,

June 2006 Page(s): 1557 —1563.
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1 MeV neutrons CC vs fluence
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CC protons and neutrons
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Schottky diodes,” Nucl. Instrum. Meth. Phys.
Res. A 552, 138-145, 2005.
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Importance of V. + Vg defect
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F. Nava et al, “Silicon carbide and its
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Meas. Sci. Technol. 19 102001 (2008)
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CCE

At ®> 3 x 10> n cm™2, E=E--1.16
eV dominant (concentration and
capture cross section).

It acts as an electron trapping
centre

Electron lifetimer, is comparable
to the transit time of the electrons
in the detector active (drift) region

a detrapping time, {;,=0.1 s, >>
the typical time constants (7, =
0.5-10 us) of the signal-
processing electronics.

This centre was related to vacancies,

namely (Vs + V).

) imm
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CC measurements after 80°C
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After annealing at 80°C we observe a slight increase of the
collected charge, in the range of the experimental error.
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Moscatelli F, “)*Silicon Carbide for UV, alpha, beta and X-ray Detectors: Results and Perspectives”, NIMA
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-V and CC after annealing at 400°C
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After 30 min at 400°C the current furtherly decreases and
the CC increases of the 40% (from 1400 e~ to 1900 e")

Moscatelli F, “)“Silicon Carbide for UV, alpha, beta and X-ray Detectors: Results and Perspectives”, NIMA
583 (1): 157-161 (2007)
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Increases up to 300° C, the
CCE at all bias voltages
recovers.
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*Up to 300°C no annealing
effect on the leakage current

N. lwamoto et al, “Defect-induced performance
degradation of 4H-SiC Schottky barrier diode particle
detectors,” Journal of Applied Physics 113, 143714
(2013).
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Annealing electron irradiation: DLTS
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particle detectors,” Journal of Applied Physics

113, 143714 (2013).
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New Silicon Detectors for HL-LHC
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n/cm?

Si detectors: 3D

« 7 ke @ 200 V after 2x10'°

* New design with
increased CCE
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Si detectors:
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HV-CMOS and HR-CMOS

J. Liu et al,"HV/HR-CMOS sensors for the ATLAS upgrade
concepts and test chip results,” JINST 10, C03033, 2015

o n i

° 1| Kolanoski, Wemmes 2M 5

Mattiazzo S, et al, NIMA 718, pp 288-291 (2013)

Lightly doped deep n-well (DNW) in
p-type substrate is used as charge
collecting electrode.

*The entire CMOS electronics is
implemented in the DNW.

*The electron-hole pairs generated
by ionization are separated and
quickly collected by drift (instead of
diffusion) towards the electrodes due
to the electric field in the space
charge regions.

HR-CMOS has an high resistivity
substrate to increase the depleted
region
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Conclusions

« The parameters of the radiation defects, such as
lonization energy, capture cross section and structure,
are similar for different irradiations

* No significant degradation of the CCE was observed
after irradiation with alphas, electrons and gamma rays
even at very high doses

« CCE of 95% with 8 MeV protons and 1 MeV neutrons at
fluences lower than 3 x 10 pcm™2and 5 x 103 n cm,
respectively.

« For 1 MeV neutron fluences above 8 x 10’ ncm= V. +
Vs, defect plays an important role. Evaluate how to avoid
its formation

« CCE recovery after annealing at high temperature (200-
400°C)
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Light ions (2)
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