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Introduction
• The X-Defect was discovered in Thermally

Stimulated Currents measurements

• Defect of unknown origin

• Field enhanced emission process was observed

• Tentatively identified as a Poole-Frenkel effect

⇒ X-Defect concentration should correlate with
effective doping concentration, but this was
not observed

X-Defect in Measurements
• Thermally Stimulated Currents (TSC)
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Majority & Minority

• Deep-Level Transient Spectroscopy (DLTS)
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• 10Ω cm, 50 µm, p-type, EPI Silicon diode

• Irradiation with 5.5MeV electrons to
5E14 e/cm2

X-Defect ⇔ Defect 1?
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Simulation

Measurement

• Simulate TSC spectra using DLTS measured
defect parameters

• Match X-Defect seen in TSC with Defect 1
seen in DLTS

• Good match is found

• Use DLTS to study X-Defect
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Hunting
X-Defect ⇔ V2(+/0)?

This work Literature A

Defect X-Defect V2(+/0)

Energy Level [eV] 0.186 0.189(3)

Capture Cross-Section [cm−2] 2.98E−16 2.59E−16

Type of Defect hole hole
E-Field Dependent Emission Process see investigations below PAT

A N. Zangenberg et al., On-line DLTS investigations of vacancy related defects in low-temperature electron
irradiated, boron-doped Si, Appl. Phys. A, 80, 1081–1086, 2005, http://doi.org/10.1007/s00339-003-2358-3.

Field enhanced emission processes
• Peaks in DLTS and TSC sometimes shift to

lower temperatures with increasing reverse bias

• E-Fields can enhance carrier emission

• Not all defects are affected by this

• Poole-Frenkel (PF): EA ∝
√
E

• Phonon-assisted tunnelling (PAT): EA ∝ E2

⇒ Measure field dependent activation energy EA
to distinguish the two mechanisms

Field strength dependent activation energy of the X-Defect
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• Extract EA as a function of field strength E
using Difference-DLTS measurements

• Clear E2 dependence

• Confirming phonon-assisted tunnelling process

• Zero-field activation energy
EA, 0 = (0.1962± 0.0007) eV

⇒ X-Defect = V2(+/0)

Further proof of identification as V2(+/0)
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• TSC measurements on a 250Ω cm, 50 µm, 2MGy 60Co γ-irradiated p-type EPI Silicon diode

• Measure for different bias voltages to observe shift of peak position

• Compare to simulated TSC spectra for PF and PAT model

• Clear match for PAT model

Conclusion
• X-Defect was identified as the Silicon di-vacancy in the donor charge state, V2(+/0)

• Identification as a defect with a phonon-assisted tunnelling mechanism implies it is a neutral
defect and, therefore, does not influence effective doping concentration Neff

• Apparent contradiction is resolved

• Niels Sorgenfrei et al., On the nature and charge state of the X-Defect,
a radiation-induced Silicon defect with field-enhanced charge carrier emission,
https://doi.org/10.1016/j.nima.2025.171133, Nucl. Instrum. Methods Phys.
Res. A, 1083, 171133, 2026
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