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Light-induced degradation (LID) and light- and elevated temperature-
induced degradation (LeTID) in p-PERC cells
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role of H less clear
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Electron Paramagnetic Resonance Detects Spin-Active Defects
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Sample preparation for EPR: laser scribing, gettering, etch, passivation

B- or Ga- doped Cz Si
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LeTID: same sample preparation, but gettering optional; SiNx + firing; removal of SiNx; passivation by Al,O,

Lifetime samples — same processing
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LID Exhibits EPR Defect Signature in Narrow Magnetic Field Scans

-1.1 — T T 1000 I
i . Regenerated
12k . )
Degraded _ Annealed | | Regenerated 2 Exposed
~_13} ) 800 r Annealed ]
513 B E |
.14 >| Degraded k2 Regenerated
> . . = 600
G [ Carrier Carrier Heat =
S 1.5 injection injection Q
c .l @ 400}
B 1.6_ - S 4
an Narrow EPR spectrum depends on what Py
W AT P oF =
_ P state of LID the sample is in o 200t -
1.8 [, _ - Annealed — featureless EPR spectrum = M
19 -Regner:atedl Exr?oseld ' « Degraded — EPR signature at 335 mT 0
330 335 340 * Regenerated — featureless EPR spectrum 10"  10™ 10" 1076
. . 3
Magnetic Field (mT) Injection Level (cm™)

Light-degraded state in p-type Cz Si shows strong, sharp defect signature (g-value = 2.003) compared to
samples in the annealed state
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Results Suggest Two or More Oxygen Involved
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1. Inverse minority carrier lifetime correlates to
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2. EPR signature g-value 2.003 is closer to
the free electron than the Si dangling bond
(2.0055). This is typically an effect of
nearby oxygen.
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A. R. Meyer et al., EES, (2021)

EPR results suggest involvement of two or more oxygen atoms on the wavefunction of the BO LID defect.
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Is there Light Induced Degradation in Ga-Cz Si?

. e . ) A. R. Meyer et al., ACS
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» Higher lifetime and no light induced degradation

No LID in Ga-doped Cz Si: neither in lifetime nor in EPR
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LID in fine structure of EPR: besides ~ 1012 cm deep defects, LID creates > 101°
cm3 shallow trap states: all B-acceptor spins disappear
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Light exposure affects all B, atoms as the EPR signal transitions from paramagnetic to diamagnetic
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Broad EPR Spectrum in Ga-Cz — Remains Paramagnetic
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Ga-doped Cz Si remains paramagnetic after light exposure — results in absence of LID
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LeTID: Two EPR signals: Si DB and Hydrogen Hyperfine Doublet
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Do these two signals belong to the same defect?
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Si Dangling Bond Signal Increases with Increasing LeTID
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Defect precursor for LeTID is partially hydrogenated vacancy or multivacancy
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Two EPR Signatures Correlate — One Defect Responsible for LeTID
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Both Si dangling bond and H EPR signatures involved in defect responsible for LeTID
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Latest Results (Chirag Mule) : H-Hyperfine and Si DB Spin Numbers are ~ Equal
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Conclusions

« LID degradation involves not only creation of ~10'?2 cm-3 recombination centers, but also
>10'¢ cm-3 shallow negative-U traps

* In Ga-doped Si, LID EPR defects don’t appear, but some traps are still created.

 LeTID: Si DB and H-hyperfine EPR signatures. We postulate that the defect responsible for
LeTID is a partially hydrogenated (multivacancy) with a Si dangling bond and H in the vicinity.
O involvement is possible yet unclear.

 We prove that H is related to the structure of the LeTID defect with isotope experiments and its
EPR signal is comparable and linear with the Si DB signal upon LeTID degradation.

« Working on simulating these results with DFT to obtain more detailed defect structure.
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