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80+
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0
100

BEE [staes-eV !

ap el
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1 (TR ) ASE 7 v 515 B S0 S B 45 44 O HL
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45) B J% scOW (F £, 52 4 J7 v o 8078 31 10 5 ol T 2
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JEiT (AR KRR SR T SEE

Fig. 1. (color online) Calculated DOS of the de-
fect free structure using different methods: (a) Total
DOS of the 72-atoms configuration, computed by PBE
(dashed blue), HSE06 (dash-dotted pink) functional
and scGW method (solid black); (b) total DOS of the
72-atoms configuration in comparison of the 96-atoms

configuration. The Fermi energy is aligned to zero.

B2 45 1 7 AR D73 0H 545 30 1 J0 6k B AE &
A PIRIOEHE. TSR T 0.15 eV [ Lorentz
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A KL 5.6 eV. scGW /RPA 25 R (1) Bl
{ K I 55 PBE — BF TG 145 H I 5 )4 320 38 -7
. T scGW+BSE tHE 45t 7 5 5280 45 3 — 3

ey T T W . B A A IX — D5 T BAIE R Y
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77777 scGW /BSE96-atoms
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—e— Experimental result
~ 3r
©
E
=
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scGW/BSE 45, 1 5 5014 92 T scGW/RPA % 5,
GO NPBEHE SR, BEMHBOR MG H T
Philipp 25 s2645 5 (411

Fig. 2. (color online) OA spectrum of the defect free
structure using different methods. solid black line,
scGW/BSE result; dashed red line, scGW/BSE result
for 96-atoms configuration; dash dotted blue, scGW
result under the random phase approximation (RPA);
dotted green, PBE result; black dots, Experimental
result from Philipps et al. [41],

ST 72 R TR &R, K2 ) scGW/BSE it 5
SRR H LA BN 8.0 eV. 1M Saito Al Phillips
2R3 51 8.52 eV Bl 581 eV ML W LLE FIX
— 4RGN E ERIFWOFS. BTFZarit
HAS BB N 10.1 eV, BRIIE AT LA B o i
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BRO0.6 eV AL, XEERHTY RS, M
Phillip /1525645 5 41 0] LU B4 2E 5 BT 10.2
AI11.5 eV PRI, T 7E scGW+BSE &5 $
XN 2 AL T 9.6 fT11.4 eV, H2EE R
. 50I0as AL, TS B v R Vg 5
&5 SEIEA R — 3. i E BT R MK
/N BR 3% B i U A2 B F Tamm-Dankoff i/
el & ZL W% T resonant Al anti-resonant 43 & [8] {) AH
HAER ISR T iR R0 R FaRER —Em
WE. A5 96 R TS AR, BE R T T
SERITE PG IR AR P AR — 3L

LRI POL SR BA I LS A1 — B2 LT 4544
DA B AH L R 25 LT 45 W 5 0 SR s 5. POL
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TR FE S I E S Si-O 8 K, TO—0
A EIE A Ha O 70 7 H I O—O K (1.46
A) ] R Si—0-—0 Feffth 5 Ha 00 5 FH IS
f (~102.32°) 9 i, SHEASEERML, £ T &
N, Sit—Oq BRA T W RS IR R m )
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RN O 73T AL i [F] I 7.

(a) (b)

K3 (MR ) it 515 31 POL 8k I () J5 &6 45 14
(a) M7 (So) 4 5 (b) = 45 (T1) 4 5 (Si R F-F10
S 43 39 SR B € R BER RN AL [ B R . 1
R FRIC T POL BB i) L2 T)

Fig. 3. (color online) Defect structure of the POL de-
fect at (a) So state and (b) T1 state. The silicon and
oxygen atoms are denoted by large blue and small pink

balls, respectively.

&1 AFRETET POL BREE I T B AN A RN
Table 1. Bond lengths and angle sizes of the optimized Sg and T; structure.

IR Sii—0O1 01—02 0O2—Sis Si;—01—09 Sio—02—01
So 1.67 A 1.50 A 1.66 A 92.14° 109.02°
T 291 A 1.37 A 1.71 A — 93.92°
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Fig. 4. (color online) Total and partial DOS of the
POL defect: (a) Total DOS of POL (solid black line),
compared with the defect free one (dashed red line).
The Fermi level for the DOS of POL is aligned to 0 eV;
the DOS of the defect free structure is aligned with the
one of POL by subtracting the difference of the Fermi
energy; (b) p-orbital DOS of the Si atoms inside (solid
black line) and outside (dashed red line) of the POL,
an enlarged view of the energy range [—4 — 1 eV | is
shown in the intersected plot; (c) p-orbital DOS of the
O atoms inside (solid black line) and outside (dashed
red line) of the POL; (d), (e) partial electron states
of the oxygen atoms. The silicon and oxygen atoms
are denoted by large blue and small pink balls, respec-

tively.
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Fig. 5. (color online) OA spectrum of the POL defect:
dashed blued line, projected along the POL defect;
pink dash-dotted line, trace of the OA tensor. The
OA spectrum of the defect free structure (solid black)
is also shown for comparison. An enlarged view of the

energy range between (5-7 eV) is also shown in the

intersected graph.
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Fig. 6. (color online) Defect structure of the NOV de-
fect at (a) Sp state and (b) T state. The silicon and
oxygen atoms are denoted by large blue and small pink

balls, respectively.
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Fig. 7. (color online) Total and partial DOS of the
NOV structure: (a) Total DOS of NOV (solid black
line), compared with the defect free one (dashed red
line), All Fermi levels other than the defect free one
are aligned to 0 eV, the DOS of the defect free struc-
ture is aligned with the one of NOV by subtracting the
difference of the Fermi energy, three defect states are
labeled by the blue arrows; (b) p-orbital DOS of the Si
atoms inside (solid black line) and outside (dashed red
line) of the NOV; (c) p-orbital DOS of the O atoms
inside (solid black line) and outside (dashed red line)
of the NOV; (d), (e) decomposed charge density for

occupied (d) and unoccupied (e) defect states.
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Fig. 8. (color online) OA spectrum of the NOV defect:
dashed blued line, projected along the NOV defect;
pink dash-dotted line, trace of the OA tensor. The
OA spectrum of the defect free structure (solid black)

is also shown for comparison.
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Abstract

Recently, fused silica has been used to prepare the optical windows in the inertial confinement fusion (ICF) equip-
ment. Challenge of application of fused silica is due to the defect-related optical absorption which is considered as the
main mechanism of laser-induced damage process. However, due to structural complexity, calculation of the defect-
related absorption from the first principles is only limited to small clusters, and a full treatment using the state of art
GW and Bathe-Salpeter equation (BSE) method is still lacking.

In this work, density functional theory calculations are performed to study the defect structure of the peroxy linkage
(POL) and the neutral oxygen vacancy (NOV) defects in amorphous silica. Firstly, well relaxed structure is generated by
using a combination of the bond switching Monte Carlo technique and the DFT-based structure optimization. Secondly,
the defect structures are generated and studied in both the ground singlet (So) and the first excited triplet (T1) states.
Finally, the electronic and optical properties of the considered structures are studied by applying the self-consistent
quasi-particle GW (sc-QPGW) and the BSE methods in Tamm-Dankoff approximation.

In the ground state So, the POL defect is found to be stable and shares a similar local structure to the HoO2 molecule.
However, in T: state, the POL defect breaks into a pair of E’ center (—Si-) and peroxy oxygen radial (-O—O—Si—).
For the NOV defect, the optimized Si—Si bond length in the ground state is 2.51 A with a variation of 0.1 A due to
the structural disorder. In comparison to the ground state, the optimized Si—Si bond length in T, state increases to
3.56 A.

The scGW/BSE calculation on the defect free structure predicts a quasi particle band gap of 10.1 ¢V and an op-
tical band gap of 8.0 eV, which are consistent well with the available experimental results. For the POL defect, the
scGW/BSE calculation reveals a weak exciton peak at 6.3 eV. Below 6.3 €V, no new exciton peak is found, implying that
the experimentally suggested 3.8 eV peak could not be attributed to the POL defect. Calculations of the NOV defect
gives a strong and highly polarized optical absorption peak at 7.4 eV which is close to the previous experimental result

at 7.6 eV. The structural relaxation induced by NOV also contributes to another absorption peak at 7.8 eV.

Keywords: fused silica, optical properties, peroxy linkage, neutral oxygen vacancy
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