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Overview

• Background / Motivation ASi-Sii defect 

• Explanation of LGAD ARP by BSi-Sii defect

• Optically detected magnetic resonance (ODMR) of CSi-Sii defect

• Cooled ODMR setup @ CiS

• ODMR signals of InSi-Sii defect

• Conclusion
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Background

• An acceptor-silicon (ASi-Sii) defect consist of an acceptor atom (B, 

Al, Ga, In and Tl) and a silicon atom co-located around a lattice 

site [1,2]

• Indications exist that these defects are involved in detrimental 

effects on silicon devices:

Light-induced degradation (LID) in silicon solar cells

Acceptor removal phenomenon (ARP) in low-gain avalanche 

detectors (LGAD)

• Possibly applicable in silicon-based quantum technology [3]
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• Comprehensive spectrum of defect properties developed, 

collected and discussed [1] like cc-diagram, 

photoluminescence signals, carrier recombination, stability, 

energy barriers, … 

• ASi-Sii defects exist in several stable configurations (see LID, 

ARP, PL signals, …)

• But, defect understanding far away from full knowledge

• Interesting points are:

Defect configuration changes

Luminescence properties

Electronic/magnetic resonances

Single defect properties
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• Defect formation: interstitial silicon (generated by 

irradiation) is captured by substitutional acceptor boron [1]

• Defect configuration with lowest formation energy (ground 

state) is C3v (BSi-Sii) [2]

• BSi-Sii in ground state is donor (change form acceptor to 

donor => ARP)

• Other defect configurations are possible depending on 

treatments like carrier injection (by irradiation or 

illumination) or low temperature annealing [3]
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• BiOi approach needs the substitutional boron acceptor to be removed from substitutional position (C3v) to 

an interstitial position (Td, D3d, …)

• This replacement reaction is from DFT calculation of the energy and energy barriers unlikely [1].

• BiOi approach needs the assumption of a fast Bi migration to an Oi

• A fast Bi migration is experimentally not seen e.g. in SIMS measurements  [2,3]

• Involvement of oxygen in DLTS E1 level (BiOi) unlikely after latest literature [4]

• In BSi-Sii approach all these 3 unlikely assumption are not needed.

• ARP removal ideas by defect configuration changes or hydrogen involvement???
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• Physical understanding of ASi-Sii defects necessary to develop strategies for e.g. solutions of the ARP

• For example the electronic level scheme of different configurations of InSi-Sii defect interesting

Performing optically detected magnetic resonance (ODMR) measurements 
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CSi-Sii defects in silicon (XG), ODMR

• CSi-Sii defects proposed by 

Thunke et al. [1]

• “Comparable” to ASi-Sii defects

• Acceptor (A) substituted by 

carbon (C)

• CSi-Sii defects show ODMR 

signals [2]

• ASi-Sii defects may also show 

ODMR signals
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Cooled ODMR setup @ CiS
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• Sample

• Thermometer

• Ω-antenna

• Cryostat

• Excitation laser objective

• Fiber to monochromator with 

InGaAs line detector

• Cable to microwave generator

• Cable to microwave analyser



Sample preparation
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• Cz:In silicon from Institute for Crystal Growth Berlin

• Saw damage etch in KOH

• Sample glowing in flame for 10s

• Quenching in distilled water

InSi-Sii defects form [1,2]
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Photoluminescence (PL)

• Excitonic PL by InSi-Sii defects denoted by XP 

and XR

• Large PL peaks visible

• To maximize ODMR signal monochromator slit 

opened widely

• ODMR measurements: XP peak area monitored 

during microwave sweeps
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Microwave (MW) signal

• MW generated and amplified

• MW intensity measured by spectrum 

analyser behind Ω-antenna

• MW sweeps applied

• Intensity of largest peak in MW spectrum 

recorded

• Largest peak does not always coincide 

with tuned frequency of MW generator

• MW intensity spectrum strongly depends 

on Ω-antenna design
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ODMR results

• So far two ODMR signals visible

• ODMR correlates with TDMR 

(temperature detected magnetic 

resonance)

• Temperature for TDMR is monitored 

close to sample during MW sweep

• Not all TDMR signals are visible in the 

ODMR
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ODMR results

• High resolution measurement of the XP 

ODMR and TDMR signal caused by InSi-Sii
defects
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ODMR results

• Best ODMR of XP measured so far

• Fine structure visible

• Due to metastability of ASi-Sii
defects and other problems still 

no full control over ODMR XPΩ

signal so far
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Conclusion

• ASi-Sii defects consist of an acceptor atom and a silicon atom co-located around a lattice site

• Case of acceptor boron (BSi-Sii) can explain ARP of LGADs

• Substitutional boron captures one interstitial silicon, which was generated by irradiation

• BSi-Sii defect is in ground state a donor (change from acceptor to donor => ARP)

• Further knowledge gain of ASi-Sii defects necessary e.g. by applying optically detected magnetic 
resonance (ODMR) measurements

• ODMR setup build at CiS and ODMR measurements done for InSi-Sii defect

• ODMR and TDMR signals found for XPΩ signal of InSi-Sii defect

• Much work to be done: interpretation and modelling of electronic levels, application of static 
magnetic fields, …
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