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Table 1. Review of the main optical properties of pure-silica related point defects and those related to chlorine and hydrogen impurities

OA peak eV PL peak eV
Name Structure Param (FWHM eV) Oscillator strength note (FWHM eV, lifetime RT ) Refs
Oxygen >Si: No 5.05(0.32) 0.15 So-S; transition 4.4 (0.4 eV;4.0ns) [16,29,156,157,158,159]
deficient ISC assisted (T,-Sy transition) 2.75 (0.34; 10 ms)
center 3.15 (O.30)® 1.60 107 So-T; transition 2.75(0.34; 10 ms)
ODC(II) 6.9 (0.4) 0.1-0.2 PL features similar bands 44 and 2.7
ODC(I) =Si-Si= No 7.6 (0.5-06) 0.1-0.2 44 (0.4eV, 1.4 ns) [16,139,157,159,160,161,162]
[16,121,163,164,165,166,167,,
Non-Bridging =Si-Oe Yes 1.97 (0.17) 1.90 10* asymmetric Pekarian-shaped 1.91 (0.17, 10-20 ps) 168,169]
Oxygen Hole 4,8 (1.0) 0.05 5 Gaussian are needed to describe
Centers 6.4 (1.7)® 0.05 the absorption in UV VUV
NBOHC see ref [167] for the relative intensity
E' =Sie Yes 5.8 (0.7) 0.1-0.2 not observed [16,156,170,171,172]
Self-trapped hole ’\;\',"l ) Yes 2.61(1.2) 0.283@ Inherent none reported [173,174,175,176,177,178,179,180]
STH, R 1,88 (0.2-0.5) Strain-assisted (observed in OF) none reported [173,177,178]
STH, % Yes 2.16 (0.3-0.6) 0.283@ Inherent none reported [173,174,175,176,177,178,179,180]
C ﬂ 1.63 (0.3-0.7) Strain-assisted (observed in OF) none reported [173,177,178]
Peroxy Linkage 3.8(0.2), 4.2(0.6,
POL Si-0-0-Si No 7.3(0.2), 7.5(0.1) ~0.0005-0.003 computational None reported [30]
2.02,4.08,5.02 0.00056, 0.052,0.035 |Computational (one SiO4 H-passivated
Peroxy Radical tetrahedron cluster)
POR Si-O-Oe Yes 2.0, 4.8 0.0004, 0.2 experiment -- [126,132,181]
Self-trapped Electron 3.7 - Computational - [173,182]
STE 4.6 - Computational - [173, 182]
6.4 -- Computational -- [173, 182]
Self-trapped Exciton E P No 4.2 (1.16) Computational 2.85 eV (theory) Theory [183]
STEX 5.3 (0.78) Experimental 2.6 -2.8 eV (exp)
Y Exp [184, 185, 186,187,188, 189]
i
A -
Ozone 0, 4.8 (0.8-0.86) Cross section VUV UV bleaching [190,191]
12107 cm? can induce the O, emission [21]
molecular 0.97 (0.013) 1.110% T;-Sy transition
0, oxygen Yes 1.62 (0.013) 4.210° T)-S; transition 0.97 (0.01 eV, 0.4-0.8 5)® [192,193,194,195,196,197,198]
cr° cr° Yes 3.26 - - -
3.65 - - -- [88,177,199,200]
3.78 (0.6) 3.8 cross section 2.58
CP? CI? No 2.3 107° cm? vibronic progression T<110 K 1.2 (0.42, 5 ms at 13 K) [122]
H(D) >Si*-H Yes Not observed - - Not observed [14,17,23]
0.6 —0.7eV (non-
LTRIA STH Yes Gaussian) - LTRIA is attributed to inherent STHs Not observed [153]

®Peak and FWHM derived from PLE spectra
@Linear combination Gaussian bands peaking at 2.16 and 2.60 eV.
®Strong radioluminescence signal under X-rays [103]
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Table 2. Germanium-related point defects: main optical characteristics and key references

OA peak eV PL peak eV
Name Structure Param (FWHM eV) Oscillator Strength note (FWHM eV, lifetime RT ) Refs
GLPC >Ge: No 5.15 (0.41-0.46) 0.07-0.12 Direct Sp—S; 4.3 (0.44;2 ns) [21, 29,53,156, ,209,206]
ISC assisted 3.2 (0.42; 110 ps)
3.8@ 107 less intense Direct Sp—T,; 3.2 (0.42;110 ps)
7-8© Direct So—S, 4.3 (0.44;2 ns)
3.2(0.42; 110 ps)
4445 (1-1.4; 0.15-0.42
Ge(1) >Ge< Yes 1.97 in [179]) (0.28in [179]) - none reported [179,206,210,211,212]
5.7-5.8 (1.2-1.5) 0.4 in [211] - none reported [111,210,211]
6.2-6.3 0.7
Ge-E’ =Ge* Yes (0.8-1.1) (£0.2 [211]) - none reported [18,206,211]
>Ge< or >Ge
or
-« 0.6-0.77 (in 0.5
Ge(2) o Yes 5.8 (0.9-0.74) [179]) - none reported [179,206, 212,213]
GeX® ? ? 2.61(0.97) - none reported [206]
1.86-1.84
Ge-NBOHC =Ge-Oe Yes 2.1-1.899 ? UV and VUV bands (0.16-1.18;5 ps) [214]
Yes 3.680 7 should be expected as for NBOHC [214]
from 4 up 5.5 in
H(I) >Ge-H Yes [215] see ref [215] - none reported [215]
2.54® ) - 1.83 (not reported) @ [216]
composite 4.9-
? ? ? 250 - ? 1.82 (not reported) ® [217]
? ? ? 4-2.59 - ? 1.82 (0.49; 60 ns) [218]
GeY ? ? 1.38 (0.71) - ? none reported [219]
Transient the existence has been proposed after
defect ? ? 3.26 (1.4) - X-ray pulsed irradiation none reported [205]
the existence of Ge related self-
Ge-STH ? Yes 0.54 (0.35) - trapped hole should be investigated none reported [49]

® Excitation of the PL
@ FWHM should be obtained by fit of the composite spectrum, lifetime not measured
® need further studies
@ should extracted from OA fit or PLE
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Table 3. Phosphorus-related point defects: main optical characteristics and key references

OA peak eV oscillator PL peak eV
Name Structure Param (FWHM) eV strength note (FWHM eV, lifetime RT) Refs
m-POHC® Yes 2.2(0,35) 0.5 None reported [116,220,222]
o\ ;\O%
/p\ 2.5(0,63) 0.5 None reported
0 a 5.3 (0,74) 0.5 None reported
0N
/P
5s-POHC® 0 3.1(0,73) 0.5 None reported [116,220,222]
OO—>P-
P1 O Yes 0.79 (0,29) 0.0007 None reported [116,220, 222]
ON¢°
P2 o” Yo Yes 4.5(1,27) 0.035 None reported [116,220, 222]
N
P4 o’ Yes 4.8 (0,41) 0.014 None reported [116,220, 222]
O,
PO2 o/ No >55eV unknown unknown None reported [223]
P,0;®@ No 5.99 0.001 None reported [224]
0\ 6.1® 0.05 None reported [224]
[(0-)s-P:1°[224] O—Pp3 6.4® 0.04 None reported [224]
Type | PODC 0
[225] 8 0.3 small cluster simulation None reported [225]
8.43 0.2 small cluster simulation None reported [225]
PO,® 0. /O No 4.7(0,7)® 0.002 3 (highly asymmetric; 5-6 ms) [226]
\p comparable with
0/ \O 6.4 (0,6)® the 4.7 PLE peak 3 (highly asymmetric; 5-6 ms)
P205@ No 6.99 0.004-0.006 None reported [224]
[(0-)s-P=0]° O\P/O 7.16® 0.002 None reported [224]
[224] o/ No 7.2® 0.002 None reported [224]
PO3** No 6.1® 0.009 None reported [224]
O\P/O 6.5® 0.006 None reported [224]
[(0-)2-P(=0),]° o’ Xg 7209 0.009 None reported [224]
[224] 5.1-5.4® 0.001 None reported [224]
00—>P-Si/ 0 S
PODC I 0o o No 6.82-6.99 0.02-0.1 small cluster simulation None reported [225]
OPOHC EPR intensity correlates to the sum of all the OA bands
@ in ref [220]

® from ab-initio simulation
@ from PL excitation
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