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11 REHRER

BEE RSN EIRR KRR, 193nm SEIR LA 2 R T A RT s v e RO Z &R
gi. REFARFLZMIR P ERZIPRITS, B TATH R 62 BRAR R R
SHROBREIN, SEZIFUA IR KB RIE SRS (436nm/G 25+ 365nmvi 28D IR
LHMES (193nm/ArF) DARBRRATSTEIEAP, MEESEFARF, 193nm #EHF
BOtGFREES, @R TAEMARRESNERR, RNREERE, E¥E
EHEBAERE. DNEETE PP,

AR EIMER A RE R SRR REIREIDCE IR, RAVSITN RN
ITREIHREICEME L — WTENDEIETN S, T TR XS B
A FEE R M B T MRS RIAIR, IFRCE AR EL 10,4 A8t A&
HiER:, b Si0 BREPUERTIRBHENEEN 11.7eVE, REEE
{KH 193nm (6.4eV) TWCRIFHFEKE ERE/BH T+, SEaEmE
EXTFREE B oV) FHREBRAEE o (B o KM,

a, =exp(13.90x E-109.5)+7.41x107 x E* w (LD

AR (LD, F—ICA Urbach #HRED, 3 =TUNHFEU S BARIKE,
£ 193nm FEK T (6.4eV) , oo HFFIEUN GEF, TTHEE IR BRIIRRS
9 0.0012cm™, KT 193nm FZIEEMBAAERIERER (<5x10%em) U,
SRT, JERLA JEARHE 193nm BT T EFREERILE S T HIREHEE.
193nm BERH T, £H4MERNBLR SR ZEES S RER S5,
C. Mithlig S AX % AR ZEATRICNEL RERYH, KIVAAE 150H R
A0 5ml/em’ BEEEE 193nm BB S FHITRICELE 0.0045-0.0094 cm™, &
THREWRRE D 4 . ERERNE, BRAEMEIRE. FritREhst
FERSEREFEEENT. EENEN 193nm ERRHET, BRA MR
R BEE LR B M E B R ET BTN, HERIERERGTRE
(Rapid Damage Process, RDP) %), TG7EATA] 193nm FOLMRET T, ARHEE
RERAERTHHTREM, FRFHRESRERTEREED, XEEmE
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193nm &M A EHFEFHERT A

T AR I 24 T B S A A BT Tt S ST AR B TR AR A

BTN, £BEFARHEIEEME R EER R 4
bR T EWETr, S/KEHKE (~1000ppm) I I BAE/KERE (<ppm &
DR IV B S AR A 3 O AT BB R AR FEHE, TREM SiCly
5 Hy-0, KGR, Si0, yiiISE T E T, MR RSB UES]
BBARM S E. EL, S0 ERK LR IV Bma s aRh, SR
RS ARIE S M R I T 2R AN . FERAERL A T, Si0, M A S FTERY
MRS . R EK ST UL R S AN R T AR A BRI AR B R AT ER
SR AR RN, KETARY, EXEHETEIMEIEE 1930m
AR ES B (E center) 3%, TiATEHME 193nm RS T % E RN
FE5 SioH A1, BALMOHEREXTLIVATE 193nm SeEHERZEN
MIABETR T, LHNEIE 193nm BET TR RN KAE KEMRE
BROHT. Eik, BEAEIMERATEE 193nm B T RX SR
WHLER, M REEOERER, T2 L RIERE R R a6
TIRBEERESEN

1.2 P AEFMENR
1.2.1 WRBCHR 5 ERER

Chamber . N,-Purge
L
i
Diodelaser 639 nm ™~
- with Monomode-Fiber Powermeter
Telescope e T :
1:25 T ;
h T 5:1 {
Shutter e Quartz Sample Telescope
c Excimerlaser 193 nm Hartmann-Shack-
Wavefrontsensor
. Oxygen-Sensor ‘ pc =

B 11 BoeE SR st e B

Fig 1.1 Setup for measurement of the laser-induced photo-thermal wavefront deformation
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o, B EAMEE 1930m BOGES FREE R E
MHIF AR TR A FEar . BEIE LA 193nm BANER T EEEENE
% 1 2k M0 i e vk (thermal lensing) « Y& #Wk %V (laser induced deflection,
LID) FIE#¥% (calorimetry) . HTHENESZSIRNRBERK, TEIGHE
R EAEINE R R ER TR B AT EE B = E7 R L5
AR BGEAT I &

OB BRI I 2 HTRE B R SO 6E AR ER T S B AT BT SR A R R
. F7E 1965 4E, J.P. Gordon % NHIEH T HBHNY. BT RBARBEH
aE R ESMRERES, EHREARERUTAGBERN, SR
M2 TEEBUKIBRELHMESRIAR, IHIARERERERNSR. £
2000 £E, ZEXRERE AFEAZTERIE 193nm A 248nm 24063 ToA IR I
£ 2007 £F, K. Mann %8 A\ i Fl B RIEXT R SMEFAE CaFy A 7E 193nm A 1570m
BRI, 4o PR 0 B A R A S L) BB S oL 2 b R B B B R, 2009 4,
Schiifer £ A it T —METFARMEMMEE (B 1D P, FHERBERN
Hartmann-Shack J& B /% B33 S A U 2% 6 78 IR S 72 th s/ O U BT W 28 (40
F~\10000) , T 2347 193nm BOLRRM R RLUA 38 B A R R/NMR IR ELR
JESER (compaction effect) , FF7E 2010-2011 ££5 K. Mann 5 A ZE B Kl =
FEREHEAT RN DA R 434 B B R TE RSO A R s 2271, 15 v AT & 107-10cm !
ERERIEPY, BT E. RZREBFRREIRI S, EREXSEERT
WE BE LI E B E .

Excimer
L laser

—t A0

Probe
beam

Increase of
T,n

™~
Sample edge
(AT=0)

B 12 St#dmiousREmE

Fig 1.2 Sketch of the LID measurement principle



193nm AR TR A

SHaBEIRARE B, MR EETE FIRE TR S BRI 5 R AL E TR
L7 1981 4F, W. B. Jackson %5 AW ER 3| L2 AN Bk B0t = AR AR EL I 3 AR L
S YEEEREEPS, 78 2001 4E, M. Guntau A1 W. Triebel & A F 1% 771554 559
IS 2 b RHE KeF HE4F FHOE (248nm) FBSFF RO CHAT I EDY . R
1.2 fion, RS NEREEENERER (hOBEITRKED MimEREHER
THEH (probe beam) o ¥ FHRUCEIH LR = ER B ESMHIRT, SEITH
A R AR FE 2 A R SRR B 77 Rl R AE (R % Aw. BT E W Ac
RN RSP RE BRI ISR ESFEE . C. Miihlig £ ATE 2001 “EXT %35 B (LR 8
Ao, B RSTEMKNE R DR E R, H A BN TTE
BAT EARLLRFHR E R DY, X3F 20x20x10em’ FERATEE S, S/
BT REL Ny 2x10%em'PY,  7E 2005-2011 SR £ F RS FEMEHEAR R
EEE, REFE 193nm WOLRH T HRIGET KBS E SRt
ME LA EAFEE 193nm RIKBEREE% EME SRR LR E T TR
UM E (F13) , HEELRARELINAEE 193nm T HIRIRFERE
BEESEERZ AN WHEEDY, SHGEHEFIEZL, %7K T AL il £
e TR NRY, BB B TIRE A T E BN E.

0.010— ‘ 0.010 z e
e Exp. data
1 — —— Model (Eq. 6) 1%,//
~ 0.008 I . 0.008
- - .
g Sample 2 S
; f=400Hz EV
G, % Sample 1
¢ 0.006 4 s Exp.data . S 0.006 / & = 5mliem® |7
— Maodel (Eq. 5) /
0.004 . - 0.004 .
0 5 10 15 20 25 30 0 100 200 300 400
2 -1 .
Fluence & (md.cm™.pulse™) Repetition rate f (Hz)

Bl 1.3 B/ AEBES 193nm RIEBEREFEE (a, Repetition 400 Hz) FIERZ (b, Fluence
smJ/em?) B3840

Fig 1.3 Stationary 193nm absorption coefficients change along with fluence (a, Repetition

400 Hz) and repetition (b, Fluence 5mJ/cm?) of UV fused silica sample.
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28 lﬁl?ﬁﬁﬂ%ﬁﬁ%, BB BN ER TGO AR E BT LK
BobE LR S E R E TR AR YESL. B2 1971-1973 48, T. C.Rich
1 D.A. Pinnow % N FiZ 7 51 e AL AN BURE AT LY, 78 1993 4%,
BRETTIER T — Mok o R IR I = 1 B AR (ISO 11551) KI5
HEPE 1996 4E, E. Eva il K. Mann {3 f B A B 546 % 8 DAPRIE 248nm
BRTHRE (B 1.4) , FHHEB|RIEE s &% MR B R AL
AR BN 2 2000 4E,0.Apel 25 A fE B B 193nm BB 4 T BRI IE
LA AL FRIRIROTIE, R RS E TR T AT E, F
R ERR, REER, W TG EERTTNE 10° BRORIE. EiZFiE
FEWNE—BOGIR A R R EERML, BRI ST EERE.

sample nte
beam stop (slight upward tilt) 4o 0erature
sensor
/ beam stop,
variable Y va
attenuator ,,eryre l J l
ArF excimer
laser
imaging i l HR 45°
lens
7 ’ v/
wedged aluminum 7
beam wedged
spliter @ chamber bﬁf:r: @
splitter
energy energy
monitor monitor

B 14 BOEAKREMNE

Fig 1.4 Sketch of UV laser calorimeter

122 ARBGMRRHAR

YERLA T A AR R Mok 2 E UL RAR & ARG B E T RLR T AR S
BEUSREREZ F. TREATAI, TRELENMER, HEE LM
EHER G5 AT 70 B T Ak A B 477 1R B LA R A5 i 5 i o 5 1 R B I A SR A i
KFEHRE KRR, HAREIAEMEAE DUV BB IR X R TT
HHRITESMEEFEEEENE L.

LHMEEME RGN ERBEOCREZ N ARFERANER. BE
1990 4E, M. Rothschild % A KBLESNA T RIERE BT E ml/em” BREIEK
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193nm LA AFCEAF TR

FHEERS FoREZMINE, TERIATIK. BT RMATEELS,
£ 1994-1995 4E, R. Schenker 25 AZE 216nm™ A1 193nm! ™ H& R ST /5 M5 SR 32
o 3 L B R U R AR TR 5T R AR AL, AR R U R BN D R OB R
FEs a0 B 3L, 7E 1998 4F, E. Eva % A {3 EREWE KA ] 193nm HUEAT
TEA MR CaF, I AT EFHO, 7E 1999 €, V. Liberman 55 NFE{E I B8
B 0.2-4ml/cm?193nm BOGKE (A (5107 ANk FRETE4H A A CaF, BiFT
B AN SRR, RIFTE MR RIS & R R K, MR EEAEAN R
Firp A i k2 B WL 7E 2003 4E, U. Natura 28 A XHE RlA 228 7E 193nm AT 248nm
Kit A& B 25 B TR A BB ST (marathon exposure) FHJ Hp YH#E. MRy AFNIThT
RAFEATINE, FE ST IARIE TorE 48 4 K (8] HR S A SRR AR B 5B KR EER
SRR AR R SR HT S 2 B (0 ST, 7E 2010 £E, C. Miihlig % AN SRR IIATT 7%
AT T, SRR TR T A A L R A 4 R [ Y

TiaE B X BTG RE CREAE Vem® BH) FIEIERT, £IMARN
HR S PSETLRL. 7E 2003 48, A. Salleo 2 AXT 355nm BiHsE IR AT T & 5MA
Ho e P E AT 220 B R T R A ML AT IR O, AR E R 5 R Eoe R
s B E R RS T a8, 7€ 2003-2004 4 C. W. Carr & N EZILECL
WD ESBIRL AT EEFER T, SEUARMASEHRGHEERE™S, JhE
o 4 B TR B A RO AR T R . R AR TR, E 2010-2011 £F, K.
Mann I F. Barkusky 28 A4 R ST/ WERA SE8 DU CaFy E A 5 SH
B B AT R B, Jead AT R iR O R E R E R T IT .

1.3 WINVAEEPEHAR

SR B A EAMERIETE 1930m FREF TR R B N B KA TR TE B
K, (BT T4 TR TR P BRI S HI R FOE S e BT S B e
B AR A S BRI VA BN, 7E 193nm LR ST IOHR
h, e — TR R K ) G T R A NI AT R R AT A K B
Rt IR — SR A . BRIl FARASRLA BERR R
B R 5 1B O AR IR T P B 25



FIE %

1.3.1 SERUBARRERSMIR

= RBUE R BREASI 7 5 R i — P RS A S B AR R F R A
% WLAYBRIE TFBUE BT B E3EE (electron spin resonance, ESR)  $12 (Raman)
ek, KAMASNRWCGERITOE IR . Hp, BT BRI RE S A SN N
BRI T RUREEE IR SR VLI BRI , PR ] LA Ar MRORE M SR e ) 25 M AR AR B &=
B EPY, 1E 80 4EALHT, D. L. Griscom & BT iZ kR AR B RN
B 0 R B S fe it 4 8 & (peroxy radical, POR) PP HE4f &,

(non-briding-oxygen hole center, NBOHC) PPN B g PoMe3 {812 75 % To ik

MEFEH GG, HFELFERETUNE, HEEDHTEER THEREEE
I SCEF BRI AR

B BRET, /R EWIRSI A SRR A R B HHE . TR 8 1A
MBI T - FRRSIFFE N, SERIGIREKITR, &7 E U EN M E
AHEANEFEEEMPRSEE. BE 70 FK, HEHFECEHATRES
BE AT RHE R /1 TS 458 #1781k, G. E. Walrafen. P. McMillan. Y. Hibino
BN BB IE A AR 2 I FE R /1AL, AN Si-O-Si BT
Si-0 & K M2 ST, 78 80 4848, B. Humbert % \ FESRY A SER H K TLIY
TEIRHKAIFR D, (AL E 490-495em™) F=TT3K H3F D, (E(EALE~607cm™)
RIS IR 2 0£1%, M. Okuno 1 FIiZ 5 0 fE B A TE B 2 BORAS IR B 7k 138
ZHIBHT I, 7€ 90 4248, N. Shimodaira 5 A#t—35 K D, #1 D, 3
Siaa A REEE 2 HExBTY, A, Rahmani f1 P. Umari £ At/ 5K /73F
(R B E TR U, 78 2011 48, M. Dracinsky % — R HEEET
VRN AN G SRR R4 AP, iR A TR A MO, 8k
B ZNATEERNSFEERBNEN, mEMARRE H, (BEME
~4136em™) + Si-H WE(E A B (~2255cm™) Al SiOH (M {E {7 B ~3700cm™) V417,
EHEREAREE . WENFESN A, BB ZHTARAREHHIT,
BEESiTFERE, HFEFEHZRFETIR.

arhh, EINEEFRIE R H iR E RSRE Tk L—. BT ARREFEEE
REMAR, SHhEEEEE 5 CRSFERKE. Fitt, Fid 23 G i RE TR
W] B R BRBRBE IR (B B, MR R B RIR YR REE e, AT T ORFEE
ENEENT. B ER AR R T B EIR B BT, AR TR
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193nm E /NG F S SRR A

BRiE R BB X .

R 11 ERUATER RS KR SR O

Table 1.1  Absorption bands of common defects in fused silica.

i “’%{éﬁ/]% *Ef]ﬁ fjﬁiﬁi RPEE 2%
ODC I (=Si-Si=) 7.6 0.5 75.00 [80][81]
3.1 0.3 1.60x107 (82]
ODC II (=Si:) 5.0 0.3 0.15 [83]
6.8-7.0 0.4 0.10-0.30  [831(84]
E' (=Si-) 5.8-6.3 0.8 0.20-0.40  [85]-[87]
2.0 0.2 1.60x10*  [88][89]
NBOHC (=Si0) 4.8 1.1 5.3 5.50x107 [89]
6.8 0.05-0.08 [90]
03 4.8 0.8 12.00 0.09 [91]{92]
1.97 0.2 5.00x10™ [57]
POR (=Si-0-0-) 52-5.4 1.2 5.20 0.06:0.02  [92][93]
7.6 0.6 103.00 0.65 [551(95]
5.5 1.00x10™* [96]
POL (=Si-0-0-Si=)
6.5-6.8 0‘40'§;OOXI [96]

WRARRERIIG, ANR G — R BRIEIRB BN RE SR E, T T 04T

SiOH (MfEfr B~3673cm’ fl~4522cm™) FI Si-H (A7 B ~2250cm™) BRFEH

8



IR %k

SR, TR SRR e o BB AR T RS e . % L1 A
HLHIZSMRYCRIGEE 4.0-7.0eV RERAITIEL TR (IBENE. FE2F) . B
WEEIAN IR 795 B (RSB FIR TR, SRERITRIRE s> , JF
TEBRFEBAREARE T SrBar R, He=" i EF 5ASER R =1 Si-0
B8, =" ARRETS5HMERRAIBEA Si-O %, <" HRBRITBETF, “ "H—IH
TXte HSh, ARRICERM . TR .

R 12 BRATEARE SRR RIBRGHE

Table 1.2 UV excited PL (photoluminescence) bands of common defects in fused silica

" IZEEE FEER

Y FEly %
R V] V] KICH ]
4.2-4.4 ~0.44 4ns [97]
ODCII
2.7-2.8 ~0.30 10.2ms [82][98]
obc 3.1eV [99]
(unknown) e
4.2~4.3 5.5~Ons [81][100]
GeODC
3.0~-3.2 100us [81][101]
NBOHC 1.9 0.16~0.18 15~20us [102]
POR 2.25 ~0.2 300ns [103]
E’% 2.25 ~0.4 25ns [104]
STE 2.8~3.0 ~2 7~10ps [105]]106]
0, 0.97 .. - [107]
SRR 2.35 12us [105]

SiOH AH% 3.7 ~0.2 [108]




193nm &4 E S TR

BT 193nm TR, Mo BPaEeR i M BT RPR IR £ KT6,
R b VR T 38 5o B e e Seit AWl 193nm RS R IR EHRIE S BRI LB L.
SUGES, S RETIE N SERIBRIREREME X, BIOBELBME X
EESCERS RN, BERBENRHE. R 1.2 REAE T SCRP IS EERA R
P BRI S RIE, T LAE BIARR JOARH I R SN TSR K o A TG B3
I~ (0.8-4.5¢V, 274-1544nm) , AT SEBRMERILFI LG b8 BIRRIA R SOBIE DL
4 ODCII (4.2-4.4eV,2.7eV) . NBOHC (1.9eV) 1 0, (0.97eV) HIZ&E, X
fi e U G SRIB IS R TSR 0e 45 SR A . OIS B RBUE & . EMAIL
B, BEEEERN H4 P E R, MEERIIOGEK RN, B2
SN E S ERITIE. BERETE R ERER BRI, %%
PR BB BRHI R 418 o

132 ERFERTEFEERENEERSRR

P b2 2 R K A ke R ) B 7 v B A B SR T B RSt S P e
B AT T R EFIF. 76 2001 £E, Hosono 2 A{i i Hi @ i F R ShiEid 21k
22 P AT 2P I S A SR AN TR I Y, R R Y K BRI TP SRR R
SNRCTRLI R, BAh, EAMNESHT IR EIK A MMM R &7 R BT RN
Uiy E'F1 NBOHC Biffa. 7E 2004 4E, Natura 25 A\ 86IENERS Hy
KRB RSN R IR T Hy AR, OB SRR DA RN RES I
LEA BB H, MRS, BARSRTHTIUAA 193nm TRULFE B BBk ia=A,
7E 2011 4, Skuja ZAEKIFES SIOH FEMSAVA ST, NBOHC HUAIHE S
T2, [N EBRESREH TR L 1% F5h, Skuja % NEMEE] NBOHC
£ 193nm B T2 E BRI SBE A BB KR!, Bk, BRixER:
AEMEE 193nm BS T HIE T BN MR ER S F 1.

BEBET RN, £ 193nm BT ERA LA R SCR A R ER 7
BEHB S5EEE%. 7€ 2003 4, Kihn SASHMEEEEZEE 193nm BOLRHT

(<50uT/em®) (R B BORE S AR BT SRR AIEAT T 400, RIUMEL SiOH & & XY

193nm FETHFE R I 4T E 10 T BB m e A Y. 78 2003-2013 A,
LI E. J. Neauport. P. E. Miller. T. A. Laurence % A9 E K%M 7T B AT
B2 410 TETE T B A AN BB ST T AR ML T — PR L, ROR 505 B E
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B1E #i

SR RE N TR AT R R E e, SR — R
BAR RSB IPOU2), SRT, B RTRA T NI B Xt X S SR a0 I R kAT
H— PR

14 FRXTEMRAR

RYEE A ST ESNETRE 193nm SELAMERBRET I, WiEDa R
HIRBERAMEHE T ZE 8 193nm B TAERMBFE. BRI ARG
FEEIFRE L, M EERNERIEE R SR, SBAMEREXLRAR
TER AR Et, AR SCEE RS IMRYGE . 5O6GE LR BUCERIES
SRR W ETT %, MRS P RIRBEE S #HT RGN 5598, FX
SREE SR R 2 [ A RBRHATHT T, AEIR LT 193nm BT RIMA %
JeEE IR I RHAT S BAERE, PN T2 LR INa s AT

AR5 6 MEFRBR G HRER TR, wHW T

%1 BEEME T E AT EINERE 1930m B T OFERRLHTTT
R Xt BRI R UL R MR W SRR 2 R EHAT TR, 2t T
HETHIBE A 2

5 2 BXP RSN GG E SR FA T AT S . TSGR ST = 1
BEELRIRICIE, FHFHERR T 193nm BUREHITI. R4, ERELETTIEL,
SRIEE T P REREKIOCER AN AT R R AT e EER T BB T, 1
b, BTRIE D HTERE T —FEFFwiETE, WRE™ERRIGIEHT
8. R EIRTTEN SRR SR M R BOBE ST T, VRSN R
m B RICRIE RS . FE Bk BE BT il

53 ENAT BRI R TR ETT . B e AR SNET FRIE xS AT
BETFEE R R SMRUCERIE AT 04 . HERERHIE 1930m F5RU CAVERE A1
MRS . X TFA/METRIENE SiOH ik, AEIEAE BT, R
MEREHRERTT T WEEE . BFIHE T SIOH SREEXTHRE SR R0 .

5 4 BERARCTMITIE, X ES G TR0 LI AL E T A TR KT L
NLERBEAT B . £ S BRI Yy B4 5 R 1 45 7 S84 A BRBE HEAT B T
FERHRGAER I T BIEEAT 2K 54, AR R RRALEITER T
MERR KRB SRS SRR R R ER .

1



193nm /MG H A4S TR

% 5 BT BT EAE, BAAER ETHE RN E
B F it B R S 0k P R SRR BB IR R SR R B S BT E L, Y
EHERE, B4, BT E—REES H, TERRME A SRS BT
EAVRIERe RS, FHETAFEFES TN 193nm RACEREA H FR KX
Fi. BT Hy 5% W 193nm RIBERRE F R AE B AR R B PIRI TR M. FH1E
FAE ST B 45 R B I S SRR S5 R AT A 5T iR

% 6 EATHS LR ST TR, RIEIBICHEIH A, HFXHZRER RS TAE
RHEW.
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F28F TOLRPEUER

21 BIE

BT 193nm St FEEERBE (6.4eV) , 7E 193nm BOLIS T RINAEF S
BRIG SRR RS R R A 5, RIE @ RIS i B T AR IX 5 e sk
B e HE ST FE R IR B BB L. 4T, TR ARPHFOGRIEHER D I
BE&WEZR, SHRUENREESERIEMR. TR RAEREE™E., FK
ST (250-800nm) , FBUESHAWIEERME. ALAMRSHWKERTE
AR LRI TGS ST H, 178 KRERME S KRB TTIES R REEIFE
BRI

A ELE B RARE TR HE T B RX St S, NS TS RA R
KI5 15 S B B i TR0, IR e E S ER SHTFIRIHRAEL
HIogEEEf. B, WML, @il A B AR IH AR LRI IR R G (E
SHEYE, HFRE 193mm B EENEESHTR. Kk, WNEEk EBEE
SR 3 77 v SE I B HE R (K56 el &, B TR IA) 4 B B i T IR T E IR B
BHITHE. BJa, LML AERRFITIE, M EINARIICRIERE
HATIRYN, FFEXbix s Sk RS R R T E 1.

2.2 PSRESWERARINEHRT
2.2.1 TERESUENEE R

AR 6 E S B IE U (iHR320, JOBIN YVON, J&iffZl4k: 300
line/mm, S PER: 0.79nm)SH ARG M AHIBURRHTIE, B 21 4%
BT IR ETOLREARNFEE, BTFTESRX 193nm BotEBERWIFE
et 5 193nm BOLRMARR A BEMYERFSUE, BICHERE N, 3
BT U RECHREF RO A ESENE. 193mm BUt BT RZERA
(Variable attenuator) 1 B EEiE 4520 (Lens DB B A EFEEBR R BRI
L 5% S S BB 2 (Lens 2)F1 3B A 6 45 (Fiber) HE A LM 14X, R ATE
1(Mirror 1) 8 Z Yl (Grattings) b, 23564005, MR SHEEMirror 2)1E4 £
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193nm S EE I FFHET A

MR A B AR R A 2 R ACCD)Y IR THE L.

2 purge — o ot o o oo 112
| Fy
rTT s I Beamn dump
P ~ ap
l i L0 Beamdump N | =

/ ~
AsF-excimer [ . J_MJ. FSample !___‘_l
k i

laser (193nm) 7] RS [ : YT ems 1 1Y cignal '
s |0 3 1930w filter
P

re I Lens 2

— e — — — Cv—

Filterg.__ “

=4

Tnzger signal
from laser

K21 el EREEE

Fig 2.1 Schematic diagram of PL (photo luminescence) collection system.

RIEBARRBMHER, WE 2.1 PrEEEEiTus, FRNE 2.2 frs i
I 2.2 (@IS LA 193nm ERGFRGN, KA LLRE &N
ZICHER 193nm BOR K FEF 193nm L. TIER 2.2 OTCRERS T,
ROCIERNEENTE, FRFERIERNT =422, Fbn] DU 8 2R A A B XY
FERR RS I TR E .

B 22 2%-193nm RERHIE RS (2) MEREHFEERE (b) KLHRA

Fig 2.2 Photographs of PL -193nm-absorption measurement system (a) and laser scanning

PL system.
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2.2.2  193nm H&HYeTH A0S
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0
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Wavelength (nm)

B 23 193nm BEOCEOERE T (BEE 400Hz, SREBE 5.0mJ/cm?) , FEBEEH
SKICE 193nm BEH(ER)RE 193nm B H (BL)HHEIEH LB IES GER
0.0ps, BRG] 100.0ps)

Fig 2.3 At 400Hz repetition and 5.0mJ/cm’ fluence 193nm laser irradiation, intensity
spectra (delay 0.0us, gate 100.0ps) collected from aluminum plate by PL collection systems

without (red line) and with (black line) 193nm filter in front of PL collection lens.
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FIfES B0 193nm U EABE YaBUR POt R EBE ™ AE B Ve, H A 386nm
0 579nm WK HHEFRIESH 193nm XM LT BB R ATHER, S RAHLE
T/ — S, BESRFREDRTMA 1930m EE )G, ATLEEZ
E5HA, WHTMFNEESH 193nm HEHEHIOCRE K MERA FET
. Bk, ENERERS, BIERERFFICAITME 193nm EXFATUE
ot 193nm B RS CEE BB AT

23 FSRESHEELE
23.1 EKHTEF AR
ST ELRIEE S, BERTIRERGRAE, FHEARERRCTUT -4
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BB PR S 4 ACEAT s nm) IR ST NS , T8 77 R,

sinf, +sind, =k, -ng-A-107° . 2D
Her, 6, 0,5 BIAEMNE AT AL ), ko ST HEEED,
nG JIA RIS AL, mm). BEAR 2.1, BRAFMARE, FREKH
BES TS AR, BRSRERNEE N ARAMCE. AW, RREK
) RS B— M Go=DRTSE AN 6 KA A2 RIFEE S =M (ko=2)
HFEHIRIRA 6y XU BAESSIIFE S+, WEN L FUEBANFLESE
b B KA Mo (9 ko AT BIE S B INTI . BT 193nm FEUK RIS
fE B e KIEEN 250-800nm, 250-400nm % Y615 5 M AT AT BEB 1R
500-800nm ¥ B =4 JE AR R G615 5 o

4000 T :
— UV
——— 320nm Filter
3000+ —— 550nm Filfer 1
gy - - - -Real PL signal
3
& i .
2 2000 | ;-—-550nm Filter
-m 1
c
[}
"E" 1000 t+
; ad
;——320nm Fiit

0 -
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Wavelength (nm)

B 2.4 193nm BET (REE 400Hz, BREFE 10.0mJ/em®) , B LTCHRTE
2380 (UV) « 320nm KEE MY F (320nm Filter). 550nm KEOEREE ) (550nm Filter)
W R AR 2R BT I R B N BUR 7865 5 GERT 0.0ps, BRYERYIH] 100.0ps)

Fig 2.4 At 400Hz repetition and 10.0mJ/cm’ fluence 193nm laser irradiation, PL intensity
spectra (delay 0.0ps, gate 100.0ps) collected from UV fused silica with no filter(UV), 320nm
long wave pass filter (320nm Filter) and 550nm long wave pass filter (550nm Filter) in front

of optical grating in spectrograph.
KT RS X ST S IR, TE YRR 2R RIVER A XS F — 24t
VBRSBTS E SHITINE, ERNE 24 Fin. EREAFNELT,
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g , TI7E 223 550nm KB IS H 5, 650nm MHEHIFOCIERE R E T .
Kk, 7E 500-800nm ¥ B X IBAFTE SRR B 250-400nm A TG B AT
SHES, X SERIEE S WREL T E & BN B ERKINEH, TEXW
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KT EK RN E .
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Fig 2.5 Ratio of second order diffraction PL intensity to first order diffraction PL intensity
ranging from 250 to 400nm. Real data and corresponding smoothed line are shown in red

point and black line.
AW T —HETFHEELEOEN AT ERTTE, FARBEKEERR
S EEERE S ENATH, TR R A R R AT s B
iR RIBAR (2.0 , EHATHAIRE B RRGE 5 BB AT
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FEHE S48 %) 250-400nm FE36G(5S7E 500-800nm i B {9 I ATATIREE, AT H B
AT R AT

2.5 FR4T £ 52§ 250-400nm BB 6 B AT RSO SRE 5 — BT
BB, ARESIE S TFREMLIEP EEH R, ERAE 2.5 PEER
5 —Fh S A B TR o R A R A E R R RIR SO E SRR (L&
SEEE AT ACTE, 45N 2.6 Frm. BEEERREKIEIE SRR HEREN
AT B BRI TELE SR GEBEL), SHAVREBEAERENTIES
SRR (S AYE, MNIRESS. RERUE, FERHEIECET RS
AT A 5 S e B B P P A B B AT AT o B T BT VA R R
e NP E dat 2t A AT A ey A=l s 4 RN S N1 D e e

1000 ~ T T
* ——Real
—— Data before procsssing
—_ by Data after processing
>
p N
Saol N
@ ¥ ﬁﬁ&ﬁﬁh \gf;
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£ g '
0

200 360 460 560 660 760
Wavelength (nm)

B 2.6 193nm ¥EBHT (BE % 400Hz, BEFE 10.0m)/em® , RHERRHATSH
HIEREE (LAXR) « FRFRMEEAFEERENATHNEEE (RELR MEA
EENRENATREGE (RaBR) BRNARATRERMBRTE FTCER 0.0ps, B

FE] 100.0ps)

Fig 2.6 At 400Hz repetition and 10.0mJ/cm? fluence 193nm laser irradiation, PL intensity
spectra (delay 0.0ps, gate 100.0ps) collected from UV fused silica without second order (red
full line) diffraction remove and with second order diffraction remove by adding filter

method (black full line) or data processing (blue dotted line).
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Fig 2.7 The principle diagram for time-resolved spectra measurement by time-correlated

photon counting method
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Fig 2.8 At 400Hz repetition and 10.0mJ/cm? fluence 193nm laser irradiation, (a) PL
intensity spectra (delay time 10.0ps, gate 100.0ps) collected from UV fused silica, (b)decay of
PL intensity at different wavelength with delay time, the dotted lines are exponential fitting

for data points.
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Fig 2.9 At 400Hz repetition and 10.0mJ/cm’ fluence 193nm laser irradiation, lifetime

RERNI BRI BN

spectra (delay 10.0-200.0ps, gate 100.0ps)(a), corresponding normalized root-mean-square

error RMSE (b) and PL intensity spectra (delay 10.0us, gate 100.0us) before and after

193nm irradiation from UV fused silica. Full lines are experimental PL intensity spectra and

dotted lines are resolved PL bands’ intensity spectra.
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R21 ERUFEA SIOHRFINREETER ( FRLD

Table 2.1 Label and impurities’ content of Si0Q, samples analyzed in this paper (provided

by venders).

) ) e Al(ppm) Fe(ppm) K(ppm) Na(ppm) Cu(ppm)
Spectrosil

FS 1 PECUOSL 0010 <0.005 <0010  <0.010  <0.005
2000
S il

FS 2 “7";‘;‘8‘ <0010  <0.005 <0010 <0010  <0.005

Heraeus

il

FS 3 Su;’ézl“s‘ <0010 <0005 <0010 <0010  <0.005
Suprasil

FS 4 401 <0.010 <0.005  <0.010 <0.010 <0.005
. Corning

ES5 Corning <0.1 <0.1 <0.1 <0.1 <0.1
7980

FS 6 Infrasil 302 20 0.8 0.8 1 0.1

FS7 HOQ 310 20 0.8 0.8 1 0.1

Heraeus

FS 8 Herasil 3 20 0.1 0.8 <3 <0.06

FS9 Herasil 102 10 0.1 <0.02 <0.02 <0.03
Clear

QC Heraeus 10 0.1 <0.02 2 <0.03 -
Quartz

2.4.1 SiO, F RIS

ERBEROLE SIS FEE MmN EAHER, 1 EEBRBHEREFME
R ERFE R S PR BRI AL, SRR ST BB S A & ~3.6kI/em” B TR & 4
B, 35S HAAENESI<S%. B 2.10 (2)F1 2.10 (b)7 B0 E R A A A TRt
mE TR AT /S R AOL R E I . R R, BEA FHE &+ 200-500nm KB H
RHRERERNFEREN TR, TE 500-750nm #HEL, B FS4 #&H 550nm
WHEMTOCRES BEMBKATHE, Kk R nitBERNTL.

RS G, FRAFEMIEN G MR ELR 0-200us B 8435 61E
SHTIEESE. £ 2.10 (0F, AHT FS4FEMASTOLIERRERL. BRE
2.3.2 N iR R Ar>10ps WA F MBS /LR, TER T IGEM
B 73 H7E 313nm 1 363nm I & 5 fr<2ps 7 0 T 7E A 2 vk (B 2.10 (d))»
N2 E| I {E 47 B A 338nm F1 428nm P58 e l&.
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B 2.10 7 193nm BOERE T (BEE 400Hz, BRFE 10m)/em® , BIMERAR
)RIAZERE®DH)2mm BEESOLTRS (REHIER 3.6k)/em® B (BER) 5 (L) KK
FEUREE I GERT 0.0ps, HRIGHTIE] 100.0ps). BARAEFIBSHREE MR EBFLETITER

BRI MRBIA RS FS 40RRFERE@RIR &

Fig 2.10 At 400Hz repetition and 10.0mJ/cm’ fluence 193nm laser irradiation, intensity
spectra (delay 0.0ps, gate 100.0ps) from UV fused silica samples (a) and quartz(b) 2mm
thickness) before (dotted line) and after (full line) 193nm pre-irradiation process (dose

3.6kJ/cm2), and resolved PL bands’ intensity spectra from FS 4 (c) and quartz (d).

IERA SR AEREET 1930m BREAFTHEBEMEGHIERERBAR
SRR E N SEmAENARRER". Hd, AREEALU SI0, W HE i
RETTHE FE SR, TIERG I EFRPESEN, HREMKA RS20
M ARVFE KT E HEARRIAE, B A A 2 R AR N 5Ot A
SMEEERNZES. FEEMGEARAESH, —RE NBOHC #1 ODC J$Hk
fRHIERESATS, MEREREF, —KIAANU STE KHHFKEES
5 3 G106 qm i | bk ok 1 338nm 1 363nm 5 STE 4R ESR T E BRI ESR,
ISR TE I I T 1K a7 S0 ) SRR

22 A H T SR SR F R RS WL 2 B A T U R R S R R R 2
I &7 R IR TIAN B a5 B . TEMBRA JERE R P ILE BN 4 K 000IE,
313nm (1726 9B ODCIL P2 4B, 650nm R YEIERINH NBOHC B[ ™
AU 3630 m el N5 ODCII 2Bk S MEH Bk gt kA, T
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550nm F 500nm 52 61 B R E B R K BT830, BT RESATEI R Cu 2%
RS0 pORISH B gips s sria 3. (A EINER R BH Cu S BRI
(<0.1ppm) , ZERIEATTEEH Cu B4

22 BEATEPIEROUENERBETIENEENE. LRaRURRaw

Table 2.2 Peak position, FWHM and lifetime of each resolved 193nm (400Hz repetition
rate, 10.0mJ/cm” fluence) excited PL band in fused silica and quartz samples.

‘ AR E EELR i
B
(m) (V) (V) 1)
313 3.95 0.82 0.6+0.1
B 363 3.39 1.09 1.0£0.1
KRR
550 2.25 0.34 44.5+£3.5
650 1.90 0.14 11.0+2.5
338 3.65 1.28 2.4+0.2
Rk
428 2.88 0.88 20.7£2.2

5S4k, AT 338nm 1 428nm RGeS — 4 HE STE JBIERT
i E A B E M BAERRER, HRERANH. ZRIEATMAES
MR A 2 7 B RTCIEE, B TR A PO 4R L& FS 1-5
He S BT IHE . BRATM R, —BEMARBEELREFET
Fl—Xik (Flind EBIEGE. SUBRETIBRIE) , T— R EINskaaES R E
WHEE T E—X (Flan E'. ODCLA OoDCUBY) . SEARMHE A BREG 2 1A B BE
ARedEEE S (Flan NBOHC, S#tEH# SiOH. K77 Si-O %, UK H, F&t
FESEBKIIRED , W FHMARGRIERBFEERERERE, I3 AMHRRE
IR(X1, Xo)|FI a7 {E BT VM T |

> IX,O-X,JX,0)-X,]
|RX,, X)) H = —| . (23)
S, O-X P XG0-X, 1
i= i=1

He, X F1 X AR RIGCHRIEESFEM PRI ERE, m IFEREE, M
X, 508 X F X BI¥{E. |RIFE O-1 YEEIR, |RIEMEER 1, HEARESEE

28 1 SR BBk 5 -
TR, HIR>0.8 MFASHABEIERR . MIER 23 HHEMAOR
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K S R SR S A E 2 ARG IRIE, 313nm F1 363nm FeNeiE BH ERHRAMEX
Z., B 211 Ll T RFELAECEREEREER P OXRE, RERE—DIE
B IX B RO S I T B SR B T RSB BRIAEE 1

#23 BEAREPETOHEZ FNIRIE

Table 2.3 |R| values of common PL peaks’ intensities after pre-irradiation process for fused
silica samples. 1>|R| > 0.8 are in bold print.

R| B130m L3630m Is50nm T6500m
Lisom 1 0.98 0.22 0.43
L630m 0.98 1 0.38 0.42
I5500m 0.22 0.38 1 047
Tss0am 0.43 042 0.47 1
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5
"
a2
= 1000+

E £ .

c o

@ E .

@ 500-

1] &
o K]
o )
0 - N
0 1000 2000 30600
313nm PL

Peak intensity (a.u.)
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IS 313nm GRS, HiBENXEGEE RNRENA e

Fig 2.11 At 400Hz repetition and 10.0mJ/cm’ fluence 193nm laser irradiation, peak

intensities from 313nm PL band versus 363nm PL band.

2.4.2 SO HRTEEH L FES T

HT BRI R R R, TR R K EERARMELT, i
Si0, MHEH ISk 7% e e (I8 38 R B b B I 0B AL, AT BB T &4
eSS R AR . MR SRR BN F R, ST HOGERIE N MR SUNRUK

AR B i>HIERIE
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N;-A,-V.-B, -F"
ng =———t & & ; o (2.4)
B, -F"+A, +R,

A, N AESBRIEIRE, By A>— k>R ZBERIEMEEE, B A H1 Ry 73 5 9 k>—|i>
MR . B X TEERANTES TR, SRENEREHRE X, T
n BURF ook BR R . LREETERIRN, 48 ByF DA H 2.
Rl>—lk>HEATREG n=1; WMR[>—k>ATREPALAIEDL, n=2. ZH
B B ERAKES, By BRI BRI, WRRERESHREEE F i n
RITEIEEE.

AL, BT RSB R A RERANER, ERRBKOBR IR T,
YRR M B R BRI R MR R AN RREE NS, N SFEERRNS TR
HIBRRR ST T — i e SN ER E . RN, BRGIE S FREEM TRERT
BB —HRSIE MM R RN B FEOR AN FER . B EAARRNT
5 MG IERT [ — PP Rl A JoRE BT IOR, TR Tt e ERERUR L RE B
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Fig 2.12 At 400Hz repetition 193nm laser irradiation, laser fluence versus PL bands’ peak
intensities common observed from UV fused silica sample . The dotted lines are polynomial

fitting for data points.
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Fig 2.13 At 10Hz repetition 266nm laser irradiation, a) PL intensity spectrum from UV
fused silica sample at 38.8mJ/cm’ fluence (Heraeus FS 4, 2mm thickness). b) Laser fluence
versus peak intensity of 550nm (green, left y-axis) and 650nm (red, right y-axis). Dotted lines

are polynomial fitting for these data points.
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Fig 2.14 At 10Hz repetition and 0.65J/cm’ fluence 266nm laser irradiation, a) PL intensity
spectrum from UV fused silica sample (Heraeus FS 4, 2mm thickness). b) Laser fluence
versus peak intensity of 550nm (green, left y-axis) and 650nm (red, right y-axis). Dotted lines

are polynomial fitting for these data points.
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. ATUE MR CREMIR S EEENEKEHENRERR, HBZRK
SRR B B/NT 3.5eV. E 193nm I 266nm HEH T TIEME EZ I g
B 193nm F1 266nm KGR AIXT 1% 460nm ZE 6 I IR R B .

Bk, RIEREMAKICET Sio, Mk h& b IE R B % E R WS
WL, AT LAS R 9% e BRI B R e B AT B . TEFTA RN A SR R R TSR
B PUAN S Y2 1, 313nm A 363nm 7 ILERFGIIUR BEE /T T 4.6eV(266nm) -
6.4eV (193nm)Z [, T 550nm ZFEHRFAFIBUR BEE ST 3.5eV(355nm) - 4.6eV.
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THEWEER], HIIZE SRR MR EX N 6.9 -9.2¢V. F4t, 1E355mm
W T, B MER—KXIEEM B 460nm FI5GIE, FEARRINBKRE
£(<3.5eV).
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AR B AR RE T RN, TERTA R RILT 4 FRICE. 55
{#F 193nm. 266nm F1 355nm KBk rEOERS R ICIE I BUR RHIE BT AT, A
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Fig3.1 Transmittance spectra from 5 UV fused silica samples ranging from 160nm to

300nm.
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Fig 3.3 Temperature change of UV fused silica under 193nm laser irradiation measured by

laser calorimeter.
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DL -1 Bt (teo<t<tc)HTIREZ AT A
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aP

AT(t) = e

[L—exp(=y (¢~ thy)]; (thy <t < thy)
eff

AT (tcy) exp(=y(t—thy)); s (tcy S1<1cp)

. (32)
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Fig 3.4 At 400Hz repetition and 4.0mJ/cm’ fluence 193nm laser irradiation, absorption

change of UV fused silica sample (Heraeus FS 4, 2mm thickness) along with irradiation dose.
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Fig 3.5 At 400Hz repetition 193nm laser irradiation, absorption change of UV fused silica
sample (Heraeus FS 4, 2mm thickness) along with fluence at first measurement (red ) and
second measurement (black). Arrows are directions of changes of measurements, dotted lines

are linear fitting for data points. -

Bl 3.5 9 RN TR fh7E TR AR S A0 2 fE WU 2 2 B9 193nm R BE RO RE B %
RRNIELR . BRERNEEE SYE—FELK L, WATRNGEEREINGE
PERTERE B HE (1.5-5.0m)/cm?)193nm FRST T HMR IS AN Bt R 57U B 46 A 2 e s,
[ A R B e B 2 ARG AT Y - BARIB AR SRR SR RE B RIS KN
FEHEERMAELEEXRY, EEREEE 1.5-5.0m)/cm’ MRIEBTEEA, F£&HH
R e e B R IR AT LUB LR MR R . N T BB RIR S 9 2R AR AE, 5
RSN EXEHIE R, FTROHEHAERE 193nom BH THRWELTRICER
2 01930m AR IRIEF IR R EL Bro3am:

Xi93m =1L Broyam =0 Traser 11 . (33)

Ko, o WAL y i DB, b AREMEHRE, RS KIEE, ruase

35



193nm L4 AF R ET R

RO SR R . T BT Suprasil 401 £ HT 193nm R EE TSR
RO TR ZE R 0103am=200x10%em? s S103am=18.0x10%Weem o 5 22T
B IR A H A B MR A i B TS AT RO F RBUE . B TSRS TR E R R
HITETE , T SRR A Ak fy A A0 W AU AT S o PR g S R A ) 22 o T 75 21 Brosom
e T 193nm K T ERVA TEIRUETRIRRE (~2x10°coyW)

HE— 25 U MR O FAE RO TR, — K EB 4 RS e ARk 4 SR B RS A«

12

-3
Absorptance (107)
© o
—
—A et
— i
e
PJ
b
\
1
\
.
]
1
:
1
"
]
l
®

(o2}
T

0 260 400 600 800 1000
Repetition (Hz)

B 3.6 193nm BOEEE T (4.0mJ/em’ BEFE) , SUEHRSAENERIERATE
B2 5 (Heraeus FS 4, 4mm E)NIRCRpEaEFHELE, BREAUERER

Fig3.6 At 4.0mJ/cm? fluence 193nm laser irradiation, absorption change of UV fused silica
sample (Heraeus FS 4, 2mm thickness) along with repetition . Dotted line is line of data

points.
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3.3.3 IBREATE 193nm RS EPFGEEY LB

4P MO B AR TR ) Heracus A1 Comning /A 7l H9 5 SMARE SThHEHY
1930m REGHTINE, FEAAR (33) IHEHRHNET SR T AT TR
R 3.1 59 KA IR SRS Hy & BT 8518 disaam B Brssame
ATUE BRI ciosmn B frosm BRKIER, BAMHSBAME A
2%, RIESTE RS 1930m KB B R A EH A LMONEE R, &
SMFHEAE 193nm I A ETR A GIE TR RO . B, TRFIRER e 193nm
R 5 K22 AR A T B 26 B e G B B 22 R R

R31 SHBRALCEERRMERAIED 1930m BRENET (apsm) FXETF
(ﬂ193nm) '&l&gﬁ

Table 3.1 apparent linear (¢193nm) and nonlinear absorption coefficients (#1930m) at 193nm
of 5 pre-irradiation treated UV fused silica samples.

Sample H; Content «193nm B193nm
(10"/cm’) (10>.cm™) (10%.cm-W™)
EFS1 54 8.4+0.6 7.6x1.1
FS2 33 11.320.5 3.1+£0.6
ES 3 33 2.9+0.5 6.5+0.8
FS 4 2 20.0£0.9 18.0£2.6
ESS 2.7£0.4 12.0£0.9

FEHEEY, FAIXKE Coming M Heraeus A & M A E /A TERES (FS
1-5 ) RIRNGESHATE ST, EIXEEINEFERER PR RIIIFh R Fe k.
B BRI B SR 193nm BOLERHIHRINE R, WU THEIGEF TR
JEERFE S 193nm WU Z A HIRER . EEB| 2 FpE SMRUBRIGTE 193nm K HHIT
FFERNIE,  a1o3m F1 Blosam FI BES ZFBRPEFFIECEL. HEEZZHU, AR
A UMERMERRB T RS AR P HERRAIERTS a1930m T Siosam Z HTEE
HEMKREK. EHEXAICIEERNER L, X5 193nm RIKFERKTBERIH
FaEAT I iR | |

R332 BEARSHRGLREHIEFEEES 1930m BRELT (o) AL
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F (B Rz EEIRYE

Table 3.2 |R| values betwen common PL peaks’ intensities after pre-irradiation process and
193nm apparent linear () or nonlinear (§) absorption coefficients for fused silica samples.

R L13mm I363nm Issonm Is500m
01930m 0.31 048 0.97 0.28
B1930m 0.51 0.42 0.65 0.90

F 32 AT IS EAUE R TR R & ISR E R S
193m F Brozam [EHIIRIE . HoF, &F 0.8 B9RUE(E M AR, RRIZFOLES
Tl 2 A FEFE SR AIAE R e . 7B TSR, (X 550nm A1 650nm 5% 53
S5 io30m A Brosmm ERBAILHMRKLR FHRRE>0.9) , HUAEXEH M
X B BRIEET B S 193nm WURTFIERGRM B RERER. RIESE 2 B udialesk

JEHIIE, 650nm IR T A O NBOHC). i 550nm 36 HIRIRIEAT
G DN
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Fig. 3.7 At 400Hz repetition and 5.0mJ/cm’ fluence 193nm laser irradiation, (a) 550nm PL
peak intensity versus 193nm apparent linear absorption coefficient 193nm- (b) 650nm PL
peak intensity versus 193nm apparent nonlinear absorption coefficient f193nm. Dotted lines

represent corresponding linear fits.
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Fig 3.8 At 400Hz repetition 193nm irradiation, peak intensity changes of 550nm (green)
and 650nm (red) PL bands for FS 3 (a) and FS 4 (b) samples following fluence change (c).

Black dotted lines represent fits of intensity change of 650nm PL band.
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YeF 4y, B 650nm Fe AL B2 5B EMWIARALTT R, T2 H NBOHC
GG ORI 2 58, BT 650nm 345 SREMBULRER ERT
TETH, BEROLEE B M MR TR, Z5ua R R S HOLH IRETE R R
SEAE . e 5] NBOHC BRI A 5B KT RE S EARREIE A K, REXNHA
FR SR IG HETIE S HEr, b, XTF 650nm %$RIHT NBOHC BREAHIZE AL
538k A BUSTEEE 3.4 TR HHTEE N TR R .

3.4 SiOH SESRABRMS I
3.4.1 Beer-Lambert JE&

S — 5 A T, 24N B P O 2 R BRBATE S SN AL SR BT FERFAE T
Ughds, BB A AT A BLE SR B AN AN HTRIE SR, T LR B R Y BRI
4B . MR Beer-Lambert AN, S 6T MR G, APRHEBK A BY
B R TO) BRI ERIGIRE C Z AR R A RRA:

T =T, xexp(—axl) =T, x10"; A= Cxe(D)xl .. (34)

Hrh, T, MBS, 58T, Fresnel RIFA R, | AMREE (cm) ,
a TR, A RTRIEE, e()ABBATER A HBE/RTOE R (Lxmollem™)
EERIEAR (3.4) , FTUAEBIR G R E VRS 5o LR P B L o

YRENAZETE 2000-5000cm™ LM YIS = B T EM K SiOH & (R
WAL E 3673cm™ A 4522em™) « BEE I BERESERE o MHEE p
(~2.2g/cm3) A1 OH HIAHX A THRE M (~17.0g/moD) RARRK (3.4) AL
& HURE 5 SiOH # ppm #E Cppm (BR4Z ppm):

Copm =1000x M x Al(exIx p) . (3.5)

K. M. Davis & /5 5k Evil £485) SiOH H 3673cm™ A 4522cm™ i ) BE /R
e BRI e3675=77.5021.SLxmol-1em™ F1 £450=1.530.03Lxmol-Tem™ ™.
T 36730 (UEE/RRIK A S E S, SIOH BB E A 3673cm ™ WEE . T)5 %
| T B R B M B AR SRS R 1700-2250 om HRBNHFERISHE S RS
E8YE s, (%R Si-0 WAHRIIERTE, (FARSIH AN &R & F AR
Tk — R T UE ROk R R R K E T
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Fig 3.9 Sketch of Michelson interferometer
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Bk 3.9 Fim. WERER—ATIELIE, HoE AWAYE LR TR
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Io(®) =2["I,(A)dA+2[; I,(A) cos(2r - x- A)dA .. (3.6)
BIFEAR (3.6) , BAEE x=08, HTWEXEARAARX 3.6) , FAE:
dI(x) =14 (x)-15(0)/2=2 I,(A)cos(27 - x- A)dA (37D

He, dI)RBENGEE IOME RN RZERRE, X deo#TEERER,
A LER RSSO RO ML AT ea i, BT EEMNRRNIJE
HEEAEAERER, FXIEMATHE TR

23| SiOH & EXHARA TR AL SMRIBCI B SRR, Xt 9 Fi
Y R SEAE AR R FS1-9 7E 2500-5000cm™ #E A S SRIEHATIE . FEaRE
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Fig 3.10 Transmittance spectra of 9 fused silica samples with 2.0mm thickness at
2500~5000cm™ wave number . The results show SiOH absorption bands in the following

order: FS 6<FS 7<FS 2<FS 3<FS 8<FS 4<FS 9<FS 5<FS 1.

B 3.10 J9ff AR B A AT BAR BIAIX 9 A 2.0mm JEAESATE
2500-5000cm™ i B 3 SR il 4% . Forh 3673cm! A 4522em™ HHEB A AEE
SETRIEE, By SIOH MIBAMEHER I . tah, 7E 3673em’ FHIE, BT
SiOH MR icle, 3E T LT 823 — /M E £ B ~3190cm ™ HMRISCHT . ZHR IR B 7K 3
FrREh A, TR FRYE S SIOH B 3673em’ IR EIRE, B
B 3673cm’ WM E1E SiOH & B MIE AR TR RES, KA TFRICFH T
S5 SiOH &8I B Rnm T seillfE, MlEERSE™ERW,

Boh, SIS SIOH & BEEAAMG TR, 3673cm & EREHN
HWHIE, SENERETERE. B 3.11 AN REEERN FS 5 FEamRLshEsd
i, MTHUBERNYEEAT 2.0mm G, HTHERE 3673cm BKHREARE,
K T TR e B4 88 BRI 3E BLCVERT SiOH & BHHTINE . KL, £/
SiOH & EMFERT, SiOH FENENKESHE T,

BRI, 24 B e i 3673cm MR A T B R SEA R SIOH S ERUTE LT
SHEEGTE M SIOH A EHSFNEREREE LT, SBERMNETEIUERT
M & SiOH & E7F 1-10°ppm B AIFE &
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Fig 3.11 Transmittance spectra of FS 5 samples with different thicknesses at 2500-5000cm™

wave number.
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2R, P FH 2 B A ER K R i B R B A HE1S TR B X IgK 401 OB S
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SRR B R EIE S, BERASMER BRI KRBT E S R . HBSREE, K
MR R A B Sk . FIBRR SRR 3673cm™ HEIUR 6 BE AT R KR
W R

£ R 3| SIOH BALE 4522em™ (TR, [FIEF 2T Ioie R 5 3w B g AR
W= I8 &, T 4522em ™ BT SiOH 45 BiF A K R # R FT/E 3673cm™
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B, AHECTEEAEA 3673cm ! HEAT I, (5 ERBOKIRIGER) 3673cm™ 14
BT SiOH & 8K T ~1.6ppm, HX T 4522cm™ EHINERETFRET
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& E<<50ppm HIFER, ERRKGFREETIHREMHENNERE, HYTEER

18 A 3673cm™ IEI B AR B iR E B MK 2.5%.
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Fig3.12 At 2750-4000cm™ wave number, transmittance spectra of experiment data (full
line) and resolved water molecule (dotted line) from 9 fused silica samples with 2.0mm

thickness.

X5 SiOH & E MRl SR B T &, 7 {3 A 4522em™ F3R I AT SiOH
S B E TR 3673cm™ RN B 3E BRAVEMBL S X 3673cm™ IEF1 4522cm™
e I B4 RIHTRE ST U T AR KN EREREE. Bk, ROERT
9 #7R[F SiOH & BB ERES, SEMHELMER 3673cm™ M 4522cm™
34T 30 KM EFHHEROLER SiOH FEMNEIRE, SRINEK 3.3 fin. W
BAF SIOH SEREGEFA 3673cm™ AT 4522em™ BB EIRZE, WK
IIFE R SIOH & &1 Spectrosil 2000 #£& 1, 3673cm” EMMERZCLTET
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£33 9F 2mm FABARRRLE 3673cm™ A 4522em™ BB A RHER

SIOH&& C

Table 3.3 Absorbance A and corresponding SiOH content C at 3673cm™ and 4522cm™ wave
number from 9 fused silica samples with 2mm thickness.

A 36713 Css13  (ppm) Ay Css22  (ppm)
FS1 2.315+0.032 1153.9+16.0 0.046+0.000 1174.3+6.7
FS o 0.005+0.000 2.4+0.1
FS9 0.362+0.001 180.6+0.4 0.007+0.000 186.8+4.1
FS2 0.027 13.3
FS3 0.102 50.9 0.002 49.6
FS 4 0.546 272.2 0.011 274.6
ES 5 1.853 923.7 0.039 991.5
FS7 0.024 12.1
FS 8 0.341 170.1 0.007 172.0
25 :
FS 11—
e 20r FS s_f,;"'
~ 15]
[{e]
(]
§ 10}
8
G o05LFs8 »<-FS4
2 \,._ FS 9
< i FS3
ook . .
0.00 0.02 0.04
Absorbance 4522cm™

B 3.13 6 FERBAERST, 3673cm™ M 4522em™ BRI SERE BRI X R

Fig 3.13 Linear relationship of absorbance at 3673cm™ and 4522cm™ from 6 fused silica

samples

45



193nm E 4 AFES TR

HaL, FEES EIRTEZE) 3673cm™ I 4522em ™ WERIRES A, PIAMRCIERT
RIRSEE R4 LR (B 3.13) , 3673cm’ 185 4522em™ EHITOEEZ A
50.0, 5% EETEASINILE 50.6 WEPY. %48 R HE—SIERXEE IR
115 B T SIOH SR, 1% B 4522cm ™ e v Al T- %48 3673cm™ 14T SIOH I &

HTF U 458, 47 Beer-Lambert B R ESIKEH A RREMWURBELRL
EEESEE, BEAR (34) , BRETR THNEHITRREN IT, WE
BRHEIEIRE C BHFIRIRE dC A:

dC = CxdT /[T x1g(T)] = 10" xdT /(ex]) . (3.8
B dT R EMENEMREEE R, B ETH, WEBISIEIKE C KX
BITRIRZE R/NACIC| 5 MBI & T k.

25 .
F“ ——3673cm”’
20l —— 3673cm’ ' (water)
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— 15}
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R (AC/CIBERES: SIOH SR, B LRCH FS 1, FS 6 fll FS 9 FRAE
3673em™ (L) F4522cm™ () Hlfoe 30 RPEA SRR RE

Fig 3.14 Relative RMSE (Root mean square error) |dC/C] of Si-OH content measured by
3673cm’! bands without water band (red), 3673cm’ bands with water band (blue) and
4522cm™ band (black) versus SiOH content of fused silica samples with 2.0mm thickness,
and relative RMSE calculated with 30 times measurements for FS 1, FS 6 and FS 9 samples

with 2.0mm thickness at 3673cm™ (red) and 4522cm™ (black).

&) 3.14 5% ERE 1=2.0mm W, 13 5k 25 B KR ISR 9 36732em ™ B G )
LR KRR R 3673cm 18 (LT Fl 4522cm™ I (FBZR) JIE SiOH &EH
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W B R 52 TG, 4 T 24K L JELE [=2mum B, 25K TR £ 36730
VRO TR 22 I 5 45200m ™ MR IR 25 2252 S A A AT ~81 Tppm. LAY LA
SFHEZ 33.3%1E Joke il b F IR, (A M S0 LR 36730m ! W BT (e
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Fig 3.15 160nm absorption coefficient from 5 fused silica samples (FS 1-5) versus SiOH

content. The dotted line is a linear fit.

T L —WABHEENTROIGEE, IR RINERA TS (FS 1-5,
2mm &) 7 SiOH & AT EH5HT SiOH SRFETTAEHE S 24 B A2 .
B SRR IX TR S 3 1T 2R3 20 AT SIOH BRFE 2 75 Rl 5 X B FA 0 2 SN K
EREMEN . £ Beer-Lambert & BT R S AMBAK FRIR R BT HE, K
~160nm ¥ & T I BRI ZE0PE SiOH & B 2R IRMLME R, B SiOH SREEHRT
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H4h, %] SIOH 7E 193nm 5 T e85 74 NBOHC %, T NBOHC 5
193nm RIKTFTE B Z 68, EEEXT SiOH &% 52 5 NBOHC $AfEAE S
JOHRHETIHE . RIEEINET R, BT LU0 M NBOHC Shig & BRI,
NBOHC FZE@iT 193nm B4R FEHT Si-0 1 SiO-H M@ 4, FFE=
Bk FR: 1) SEBETEAEMPORMY, 2) 5EETAM SIOHM; 3) 5
ST AR SIOHMY, i TR T4E 300°C LA R B 7 Re S TR MR BlA SRS
B B335 NBOHC KA KR!, =iEF NBOHC B X SEET IR, MR
32 K. Kajihara ¥ SUBE FME S FELRFEE F 5 NBOHC REMFH AN, 1ER
FE{ETF 200K B, S5 F5 NBOHC RIRM S, TERERT 200K i, 7£
RESENEESE/RS T, 4575 NBOHC MR EFF. 5, BIEE
Fe RS AT TR (Y 25, AT 5 ISR TR A SREE AR MLTE 1s 2
P40, 53 B s B R AMERA I B B SR 7 5 ERLA 98 NBOHC RS F=AE BT
S FHMUL%., FEit, RX NBOHC f15E4 T8 Ki#HTHE.

HRIELL 458, X724 650nm 5% NBOHC SRIEEILE Hy MR AR KK
BRSSO % LAE B F N, /21 NBOHC SRFE A B N k(H) (N
BEESE FIRERY, SEEMSHATE . FX) , H 5 NBOHC KM TR
KEEN kp GHES H, AR o RE ") , NBOHC s & &
Cngo 7 193nm LR S T BERT (A 3810 79 -

dac
—M;;OQ =k (F)=ky, -[(Cpo @) +a(®))/ 24+(Cpy —a(t)]- Cpgo (s b (F)oc F™ .. (3.9)

WEFIE (3.9) 1, F—IiAN NBOHC MIAERGER, ¥ IF NBOHC S5#1#
i SiOH 7E 193nm FE4T FAERL Hy B R ROHZE, S =129 NBOHC SR 5
S5 TFHIRMEZE, T NBOHC £ 650nm 3¢ Y6438 5 7% Jaitba & &MU,
R ATIRIE AR (3.9) AHFFEM BRI 7SS SR Iesonm(t, PBERSTE] 1 FIRER
EE H M.

WIERE R H S BHAR, TXAR (3.9) Bk\ET—ENREL. £5
H, & &% (FS 1-3) , NBOHC fJiB X L NBOHC #1354 Hy KRN N E.
Fi, AR (3.9) T A2, LEARER T 650nm WIEHRE lu(r.F)
BHET 8] ¢ FIREE T H KR :
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It F)=8,(F)-[1—c-exp(~ky, - Cyp D] Sy (F) o< ky (F) /gy - Crpy ) ... (3.10)

TEE L NSRS (FS 4-5) , NBOHC {938 kLl NBOHC #1 193nm
ST SiOH s34l o IR M AE. Eitk, A= (3.9) %=1 285,
MG AT SRS S R 650nm W IEIRE IL(e, BERT ] t MEEREE F M.

I, (t,F)=S,(F)-[1~2-S, (F) [(exp(=2-S ,(F) - kyy, -0)=D1; S, (F) o< [, (F)  Kygy ... (3.11)
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Fig3.16 At 193nm irradiation with 400Hz repetition and 5.0mJ/cm’ fluence, SiOH content
dependences of 650nm PL intensity (a) and Generation rate (b). Dotted line in (b) is linear

fitting for data points.
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Fig 4.1 Mechanically induced damage sites (a-c) from 3 SiO, samples observed by a
differential interference microscope (red-bar scale: 200pm). PL intensity spectra (d-f) before
(Original) and after mechanical damage at different positions of these damage sites excited
by focused 6.4eV excimer laser spot (repetition rate 400Hz; fluence 57.8mJ/cm’; spot

diameter: 60pm) are measured at 10.0us delay time.
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Fig 4.2 Laser induced damage sites (a-b) from from 3 SiO, sample observed by a
differential interference microscope (red-bar scale: 200pm). PL intensity spectra (d-f)
before (Original) and after laser induced damage at different positions of these damage sites
excited by focused 6.4eV excimer laser spot (repetition rate 400Hz; fluence 57.8mJ/cm’) are

measured at 10.0us delay time.
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Fig 4.3 2000-5000cm’’ transmittance (a) and absorbance (b) spectra from UV fused silica
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Fig 4.4 160-300nm UV transmittance spectra from UV fused silica sample before (black)

and after (red) heat treatment.
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Fig 4.5 At 400Hz repetition 193nm irradiation, absorption of 3 states of UV fused silica
sample without heat treatment (black), with heat treatment (red) and with both heat

treatment and 31.8mJ/cm’ fluence 193nm laser irradiation (blue) versus laser fluence.
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Fig 4.6 At 400Hz repetition and 12.1mJ/cm?’ fluence 193nm laser irradiation, PL intensity
spectra from UV fused silica sample before (black) and after (red) heat treatment. The arrow

shows the trend of PL bands’ intensity.
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Fig 4.7 At 200Hz repetition and 31.8mJ/cm2 fluence, PL intensity spectra from UV fused
silica sample (Heraeus FS 4, 4mm thickness) before and after laser irradiation (a), and peak

intensity changes of 550nm and 650nm bands along with laser pulses (b).
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Fig 4.8 At 400Hz repetition 193nm laser irradiation, 550nm and 650nm PL bands’ peak
intensity versus laser fluence from UV fused silica sample before and after heat treatment.

The dotted lines are fitting for data points using quadratic function.
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Fig 4.9 OH structure arrangement during heat treatment on surface of SiO, sample
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Fig 4.10 Surface temperature distribution from fused silica at steady states calculated by

Eq. 4.4. Dotted lines are transition temperature Tg and melting temperature Tg from™"",
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Fig 4.11 After 208.6W/cm’irradiance CO, laser irradiation, 193nm (repetition 10Hz,

fluence 66.5mJ/cm’) excited PL intensity spectra from UV fused silica at different distance
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from CO, laser irradiation center (Position=0.0mm) with 0.0ps(a) and 6.0us(b) delay time.
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Fig 4.12 After 208.6W/cm’ irradiance COs laser irradiation, peak intensity changes of
193nm excited (repetition 10Hz, fluence 66.5mJ/cm2) each PL band from UYV fused silica

along with distance from CO; laser irradiation center(Position=0.0mm).
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Fig. 4.13 After 10s CO; laser irradiation, peak intensity changes of 193nm excited
(repetition 10Hz, fluence 66.5mJ/cm2) each PL band from UV fused silica along with CO;

laser irradiance. Dotted line is the irradiation corresponding to Tg.
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2 NSO RFEARE RN R CO WtiERE. & CO, BOtBREMET
EAEETIETELMESE, BE 550nm KiiE, HERGERENE —EiE
FE (3R T, U8 4 N RURE B T LR , M8 B8 5 77 £ STE.ODC.NBOHC

A /7
R
1000 — : . . . : 1000 — : : : :
— a) = 313nm c) . = 313nm
3 750} . . 383nm 750 . + 363nm
8 500} * + 441m| S £00 A+ 441nm
2 ’ S .
f’;’- 250} i * > 2501 ° P
.g 0l - ; ; % 0 "
< 60rD v 550nmj £ 105} ) v 5500m
8 20 < 650nm|l ¢ 650nm
L v [17 70_ -
o : g).
20} 3 - 35 3 v v
A4
0 M . R R R R 8] ¥ : N
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (s) Time (s)

B 4.14 208.6W/cm? (a -b)FI 258.2W/em’(c -d3BREE CO, BOLIRE S, BOLRE XK
193nm R EERFE 04m)/cm’, BEER 10H2)E /MR HEERER CO, BOLR
TR IR IZE4L

Fig. 4.14 After 208.6W/cm’ (a -b) and 258.2W/cm’(c -d) irradiance CO; laser irradiation,
peak intensity changes of 193nm excited (repetition 10Hz, fluence 66.5mJ/cm?) each PL band

from UYV fused silica along with irradiation time of CO; laser.

AT A M EHEAR R E TR MR LT HE — N ER . RN T
ORERTHFREMS THRREFARMEN &S, WIERMARREET CO,
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B4E Hifh. ALEMNEIEIENEW

BOCIAGEEE, FEAHT B XA RHR G R, SR ME 4.14 iR, £
208.6W/cm® 1 258 2W/em” BFH A E R E LIS, 3130m. 363nm. 441nm
1 550nm KN WEEFETMENE-PRER. TE 650nm KIEEF,

258 2W/em? fB IR B i S 52 IR T 208.6W/em? $B IR TR AR H 2-3 5.

WA 4E BRI 5R  EEX NBOHC SREEHYAE R mMEK. 54, BT CO, B
It E] B8 K& E A RL A FE ODC. NBOHC LI K 550nm 3 GHRFEF= AR K
(681 B e e b (Ve (B 5 P BB RS B U 2 5038 &, TR A%

4.5 EBNG

2 238 5 B4 SE IR AN P FR AN R (K AL SR 38, X S AR o R TR P Y
A RSAEEAT TR AT . SBIRsE BTG H, ODC ZKEkfE. NBOHC Al
550nm KIEHRIE SIERA MG E R KRB K4, ODC Esfai g K
5 iR H b I AR 3S, N AR B TE OB IR A CO, WUt rh MEEEI B B A,
i NBOHC 1 550nm YEREEFH ML P B RES NRIHENEK. R
EARBHRGHE, NBOHC Al@d A B AR B i 05 2 P i B i i
SiO-H Wigdek Si-O WA fEr=4, 1M 550nm K GHREE N SRk dh R 1 454
K. %L BAHERE TP R LR (BT SRR B T2 TR M R B A
—ERSHE L. R, ST 550nm RERIGRE, TATELHE— PTG
K 7T LA T % SR BT L
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58 BETAFITEREGEARENEL ST

£5E BTFUFHTHERARARGHYIELERFY

51 S5|§

ETUS¥FER—RETFETHEERERITERNZZAN 5 THUMER
(77 B B ARG MR BT AR, WT3 B G5 A RO RRE R SOV L I R ST
TS RE R, WA EAEE AN GERE, ERTR A R
FHREERA, ZEIFEEIRE R TR RS 7

LONA MR RS TR M R F R MR K. kR, —RE
LB RS A AR L AR . RAMRIGE . eI BB R R
PRIL S IR AT B A 50X e 2 M B 2 IR B SR BB« B E T R ZEA4 L R A BRI
MRIEEER, B KRERGHEDESRERRMEIE. Hn 550nm 3258, 5
193nm FMLE R IFEAERGRIICEL, SR7, B AT05IovE % % Bhbe Ao RSy 28 g
ITHRRE . T BN ERIESIAIIA R, fets e i 2 e B T B TR R A A5 Y
RIS R E L, Hit, AZ BBV EMEMANER S, WERAZEFE I
DL K F] B H LR 454 (e 2 R (RSO 2806 REHE) AL MR (R 1)
BATHE, HE5LRMESIEETILR ST

52 WHAESERNE
521 HEEE

ETHERETETFHZENITERE, METHFLEY R HHIR FiE
FENER . ZEFERRTHANR—NHEZNEFHREFRARN RS, &
SRR REIBEEE (Schodinger) HREMAIEEMALE KL, BIRIBEERL
BEAMYERE PINAERAZE. BE. BBEREER) . SRR THET (A
Bl m) MEEEEEKm TR,

.. 0 T hz 2 \7
ih—¥Y=HVH=-—V° +V . (5D
ot 2m

Horty N TFIERE 07 Ak RNSESE, ¥ NS, ERMAN
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193nm &4 A S 24FETT A

NTFHRARESTET (LD F, BEEEGERPE—NETENIERE TR
B AR BV, RS TRE AR FAZMEERS 4 51 i A0 oy BIANR T ABEE
e R BERBI BT EEE RN

2 2 2
e f o f . wo-EY, . G
2m Areyr,  Ams,r, 4meyry

Hof o NETFHEATH, oo ANBER, EM p 00l T E KRB B TSREERM
WERH. MEEABRNER, BESENEMN, KRB EETREENEE.
Fit, BF43 S ME AR SE TR SR R NEE T Tz,

HEAITES, —BRRAN B TFIEUMERIE P RETRE L. rETIE
LI AR IR TR o T4 LB R R AR JR TR GRS A
MRIEE RS, WERNE M REHIER /N, ERFIELNT, B
038 R R B A A A B T R R B BRSSP AR R AL
NEFE+ IR R B F AT . MAESRELE, WNEFZREZKN
FHT, BEFRMEHEERETET ETRT 34 EEZS 77, Hik, w
Bk R R TR IE LU E.

RERFE T EN B E SRR R ENENEERR, RN ETERE
Hartree-Fock (HF) 7 ¥E. J§ HF A% (post HF method) . HEHIELLE
(self-consistent field method, SCF) LA X ZEiZ #3218 (Density function theory,
DFT) ZitE k. H, HF J5i%#%T Hartree-Fock REEITVE, BEZ BT
RSN EZ AT R B S g Tash ), (B RE e T BT A
MR EAER, BTk R BABRKMTEIRZE. J§ HF J7IL7E HF 755N
Bty BRI R T BT 2 AFAERER, M T HF TEEE ERE

W, A4 AEERMHEENO, g5 s R — B E R I ER LR

FIEFRTE, ZTET AT E R AR R A R RV, T R
F7i:—fE T Kohn-Sham DFT A 2!"H 1), it s B BERIT AL BT E 4%
RTTIE, B2 E RN TR TR KR FE— N ENBE G T EIRIEE,
B, SWBGHE THBBSZMEFRMEEE. EHEREMNITET, &k
O ERERTEN, R2MRTE T e S B ER MBI B T RS R A i — 7,

B A — A B T RS m i . BRFPARITHE . AR SC P ER R
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58 BTUHITEGRIAI ARG ERL R

BT HE S ORCAI, T ik R R A 1 4 i A (45
i1 CASSCF) , AW FAB AR MMEEE R A% (B3LYP 7ik) THEBRE.

PR L R BB B TS I B R IR TR R R
RECERMES. X BILYP i, — R R,
oK/ BB A B R T LB AT 1], SRR, RS R,
(BURSRTHE R M RIS A 2 RS RF, R4 S BUS 5 1 8
EHk, Filk, HEAEEARE T EAEEMERAERR. A0SO R
H 6:311G RIIEA, RENZHEANEEL —, A 6 LRl RE
FHEHAEA WEE T, B 1 MRGERER 3 MR ETE RS 2 MR
B EREA R MRS, AT R R TS S TR TR, I
AL EEGRTHT RS, B4, BB TRRMMSET, BAMAGFRES
B B TR

522 ETHBAXSHENIaERER

HR% Zachariasen 32 H TG, HRUE R SERT R 2R AR B T R IR
F5IMEEER TR ARSI EE (Si0y) , LA E AN TAEE T (R
VEMFAED FH L T B T R T o R e T B8 00 0 ) T U R 4 5 U0 AR R A,
fEH Si0, AER ST IERUA AR N ERIE SRR, R SR TR
BRERE TR0, 25 AR O-H @HANEE T5 5i-0 8 LRE
TFHEAE —ENER, FEB XN O-H EBHEK#HITHE .M. V. Ginhoven
& NXRE O-H K ARERE R T RRFHET O, KILY O-H#E KA 084
B, WA HRER i Mulliken BT Si0, Mg R RIREE F—23U™. Hith, 7B
RS, 4R O-HBE TN 0.8A.

Bl 5.1 ERI NBOHC HiRZIME. Ko, RRERT

Fig 5.1 Sketch of E’ and NBOHC centers. “:” is the dangling bonds.

73



193nm /M AT ERF T R

WG TR S R E S R IR, FUMISR BRI DL R A SRR
W BB L H B SI0, PR SER BT 2L r= 2, AR AR R T B 5.1 o LI
W ZL AR BRI B BRI (=Si- ) NBOHC(=SIO)HIE R B, 3 Al Si-O S2AJHT
20 hxt He e AR %), 5 A1, NBOHC X6 | SiO-H 224 i) (8 T E"Fl NBOHC
HLAE S AN KA B R R, I PR BB (6 S SR AT AR LA T2 M
7%, WATIHEER T ERREE.

POL @? POR @g{ Silanone
.@ @H ﬁ@.Si,- @ @
@ ﬁ@ @ S M
@H @4 H @ @
Dioxasilirane oDCl oDl
H
H@@ @ H@ @ y S °
St @ S S @ '
e o ©F @

B 52 POL. POR. Silanone, Dioxasilirance. ODCIF ODCII FYFiF i S RISREE
FR SRR SRR E. Kb, P —XETR

Fig5.2 Sketch from 3 kinds of oxygen-deficiency-related defects (POL, POR, Silanone and
Dioxasilirance) and 2 kinds of oxygen-excess defects (ODCI and ODCII). “:” is the

electron-pair.

FALBRIEEE S T E B BREBRE LRI Frenkel SREETT A
RS, SEF5EER Si0, Mk, EEETMEARTFHRENA 12, M2l b
B A5 B B 2 A U rh e AR E R R R AN B A B BB (B 5.2) , AR TFRIBEL
M| 457 4= Frenkel SiEEUS, 7R ERLBRIA T, BOUE RISk L &8, T
B ERAEMBERN 0, 4 FIHMA SOy Mk =AU S
POL(=Si-0-O-Si=)flid & B H# POR(=Si-0-0). BT &H T ABENREES,
7E Si0, P& R 7] §547 75 =Si=0(Silanone) Fl=Si=0,(Dioxasilirance) & i E HL GR [
(190) oRTi, IXEEERIA BURAE Gl 72 208 BN RIERAIN . ShEBhEE (ODC) 5
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E5E EFAFITERRAEARBNIELZSE

SESEMR, HMRENRDEREFSE. ERESET, AT RIIsREAR
Kk ODCI (=Si-Si=) 1 ODCII (=Si:) , —ZHAeA E SRt ERH5. Mt
Frenkel StFE5T &, R TR & S BUT A BB (0-0 48D Fngh & B gk fa (Si-Si
) TR, BT ES SR ERE TR S ETE, FHAT
Si-O BEFHXE (ntrERMED

Si-H SiOH
H@

& 5.3 SiH. SiOH. SiOOH Al H1 PIRtEHSSERR AWM E. b, FRLF
NS R TRRRERTHEAET, MR RCNERTIHTRALANEET

Fig 5.3 Sketch from 4 kinds of hydrogen-related defects (SiH, SiOH, SiOOH and H1) . The
hydrogen atoms in defects are labeled in red, while the hydrogen atoms for saturate oxygen

atoms are labeled in black.

EENGHEF, £B A SiOH fl H, AEEM R bR, F7EM R+
EEFAEKESSMREME. BT H 68544+ E’. NBOHC. POR # ODCII
SRMERERN, SEM=Si- Ho =S8i-O-H. =8i-0-0-H LA K=SiH-(H)EHRES
. B 53 A TXFEEREEE R, TR A R DX S sk B A 45
M, SBBEMANERT (Bhas) RN O-H BrEKirii, M
CIHREE TR AT E e AT .

5.3 BREERIIRMOEIE T

BEETFHZEFE THHEBRA RSP XERENREEEE. R\
Franck-Condon REE", BFHTEREF, HFHENEFHLELELUANE
M. Hik, BFEESEMCRAPERL, FRAENFEERZRER (TDDFI,
Time-dependent density function theory) 8B BRIEHT &N TF AL, ATRBINES
BRI RN A R A TR AR BAIR 73R . Hbh, IRITREENRERITTRN
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193nm L SMA TR

Bel, — XTI g IR E AL E, ﬁ%ﬁ%%ﬁﬁﬁﬂ}iﬁ THRTHIMER, B
MBI EA S A, MR E<0.0001 Ff, BOTATHRRE

431 POEpE e it ERpEA RO I
fEIERNE Bk kg, E*BkfE. NBOHC. ODCI Al ODCII Jytf Rl St
2o L e rh v S R, A KB SER T AR T ltku‘?]%llaeﬁﬂ&q&%%uﬁﬁmo
B, AT SOk R SE R M RS B R R R ST HUR 5 BT e E RS
TR, DO R
%51 E$tF&. NBOHC. ODCI A ODCII iyt

Table 5.1 Absorption bands of E’ center, NBOHC, ODCI and ODCII

. RTHEE SRR i v -
Bl BT “FomrmE . EWRTEES 2%
[eV] BeE [eV]
Do—Dy 5.91 0.0935
- Di—D, 592 0.0921
5.78-6.30 £=0.20 [85]-[87]
=Si-  Dy—Ds 6.28 0.0314
Dy—D, 628 0.0325
Dy—D; 0.41 0.0000
De—D,  2.08 0.0005 2 £=0.0006
NBOHC 4.3 £=0.055
D—D., 572 0.0157 [88]-[90]
=510~
D—Ds 647 0.0036 6.8

Dy—Dy 6.58 0.0143
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F5E BTUHTERMARARBERYELZSE

%
L BTEE o SRsE
S BRE S oRTEE O, . . KWRTEES 5%
[eV] feE [eV]
So—S, 6.75 0.1981
ODCI
So—S3 6.78 0.0869 e . [80]{81]
Si-Si
So—S, 6.87 0.0500
Sg—Ss 7.49 0.0351 7.6 f=0.36
ODCII So—8, 4.80 0.1031 4.95-5.05 f=0.13~0.15
=Si: [82]-(84]
So—S; 6.76 0.1384 6.8-7.0 =0.1~0.3

R 5.1 AH T IXTUFREREE 0.0-7.5eV MBURBEITEER . N TH—HUR#E
F 7.5eV HIBkFG, RUMETHBEHE—RUKE. RBEEAKXE S. D M T iR,
DRGSR ES . ZESN=ME, HERTAREE n iRHREK
STRIEIRSE n BURFS. Bl Do A EARES, SIABRESHE-BKS.
BItHEESTRNELE, HHERZRE02eV, RFBEBE—NTHER,
B A RSO SE M ESR I EE YA . Fo, RBRTFEE, WRBHRE
#1554 %4: ODCII > E’ > ODCI~NBOHC.

532 EBPEERPERI RS IETIR

% B ENER A TR R R D 2B A ITRUR . TRIBOE IS BRI SR, 7T
BT THE R ARL P AT BE AR L O BREG S5 B T, AT T ARF2M 193nm
WU HIBRBESE M . R 5245 HT 4 Fud S BIGRFERT 4 FEAERBRRE R . 3
i 4 Fiidt E AR BRBATE 193nm K FRIE RGBS RFRE~10Y) . Mi=SiOH
F=SiH M RRHMRK S EZ KT 193nm K FEEE (6.4eV) , X 193nm K
WS EZ I AN K, 1B H1 SRFEFI=SiOOH 7F 193nm P 7778 BH & AR ic U
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193nm 440 AE TR

R52 4FTETIBRIER 4 PRI KR BOLRE

Table 5.2 Absorption bands of 4 kinds of oxygen-excess-related defects and 4 kinds of
hydrogen related groups

. R AE . it R
el BT Lo RTRE B BRiE L RTRE
=[eV] =[eV]
POL g .5, 561 00003  =SiOH S,—=S, 816 0016l
=Si00Si
= Se—S, 6.8l 0.0027
D—D; 055 00000 =SiOOH Sy—>S,  5.39 0.0009
POR
D—D; 58 0.0015 =SiH  Sy—S, 886 0.0248
=S100-
Dy—Ds 674 0.0004 D—D;, 494 0.0419
Se—S, 582 0.0554 D—D, 540 0.0618
Se—S: 609 0.0190 Dy—D; 5.8l 0.0204
=5i=0 Hi
Se—S; 643 0.0004 D—D, 647 00078
=SiH-
Se—Ss 7.1 0.0032 Dy—Ds  6.66 0.0284
Se—S; 332 0.0011 Dy—Ds  7.12 0.0969
Se—S, 508 0.0030 Dy—D,  7.52 0.0368
=Si=02
S—S; 5.75 0.0000

S—Ss 634 0.0000
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E5E BT EERA A SR MBI SRR T

ik, &% 5.1/ 52 WBGERITESER, fEEINAET RfFERIGhIESS
7, E’. NBOHC 1 ODC ZEBRFATE 193nm KR fEAE IR B BRI «
A Z T, SEE SRS AHEE 193nm MIEHNREAHE. 5o, it
HEERRY SiOH BRIETE 8.16eV (~151nm) KHEFE /iR, MR b
fERE T SIOH BRFEXT A ZEA KL 160nm % i 2 AR .

54 GHERIEEHE

SR UsGE BT 28400, @id TDDFT vHE Gk FBUR S B B 2RO
MR Kasha WM™, BESZEAMEEZE —KE/DN, KPAREERREERS
REESHTEE. R, YERHNRASEE—BASREZRKN. 5K
SEREESHIRFEEZRTE - BASERESHIRTFRE. REF BRE
BREIERSTFEBRONESR (GEEFRD) SERN, ZRUHTEH, £X%
PR S MEEER B MR SR E R4 R 78,

B T HE B FEZBIMKE, THEEZENRETFHERET. BRERIK
e, RNRBFENRKETREMELY, ERERSIEY, BTFEBRRERITRN
FHERENBARSRE, WEE RS BRIT 5 7% 21X L2 fE 1 g8 B AEBEE.
40 ODCIL #, HFMER SoMKBIBESHE—BRSE S| 5, TRETESH
RIT BB =EESNE RS T, FN T 505 So =ERDE.

BeAh, BT A BRI IREE YR BR G rR AR TE R BN B B, I LR R B T e
MRAHERBTHEREHWERENFEHERKE. Flin POR REBTH4H
=Si0O4H, EERBREEET 650CHEEST!Y, FBEEEXEH BRI
pap s cdil:a) AR

Fik, AXFEAETEARRN: D BFEREHNE-—FE_BRESER
SHEEEEKIE, D) ZBEXHNE —BRES T) BIESRERT (R TRELXGRE),
3) WHRBEIEAEZBFREEETT.

54.1 H#ERSREHHELETH

# 534 H T B NBOHC. ODCI #1 ODCI VU FFiE I & i s B MR T
R, Hi BPREREBRSRERESHERENAE, HHRRAEIRERH
St B RE B TR IR e Rk, R A% . T NBOHC SRFEF ODC
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193nm 40 R F AR A

BRI RN e A I AT B R R R Gt . R, NBOHC BEWEF=4 1.90eV
B35, 55T 650nm FEOLIEY A, ODCII B84 4.53eV AN 2.74eV 1Y
Wi, Eoh 4530V 5500 313nm 2eMIE, R4 RS LRk SR T NBOHC
ODCII i % &tz By &7, HEHFT R SR INE SR ARETL 02eV H.
Boh, HELRE ODCI HEB57 4 3.35eV M5k, ZWbiE SR F RIS
iy 363nm SEEIEYI G . BT SCEk IR S~3.5eV TSI R — MR IR AR
150129 3350V 3EGIR AT AL H ODCI 7=4 . i 313nm il 363nm JE6IE3R L
¥ %, N5 ODCIF ODCII 7E 193nm B T AR EHLE <.

%53 E4f. NBOHC. ODCIAI ODCH HRH

Table 5.3 Emission bands of E’ center, NBOHC, ODCI and ODCII

PRiTaeE SR Al

o2 RiE =R o S =
i RIE V] FrEE GB (V] SEN 55
- D—D,  -0.09 0.0935
=Si- D,—Dy -0.59 -0.0002
=Si0-  p,p, 1.80 00004  1.88~1.90  t=10~20us [81]
opcl  Si—So 335 00920  3.1-3.5¢V
[99][129]
=Si-Si= T8, -1.20 0.0000
S1—So 4.53 0.0907 4.3~4.4 t=4ns
ODCII
8211971198
S,—So 2.18 0.0004 (821571
=Si: 1
T,—So 274 0.0000 27-2.8 1=10.2ms

5.4.2 EPRRIEESCETR
% 5.4 F1 L ok R IA BB S L 45 4 L P MR BR R IR MO E AU IS B TR
15 e Eh f A =Si=0 FI=Si0, Sf& A5 7E 193nm FEI T =4 250-800nm &
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F5% BFHEIMEEEARNREEERLEST

WP, HBURE AT o,
R 54 4AFTEBGHR 4 FrREVESRBIG R RS

Table 5.4 Emission bands of 4 kinds of oxygen-excess-related defects and 4 kinds of
hydrogen related groups

. Kikge IRFE . KitEe IETFA
N BE o i BiE
_ =[eV] i3 =[eV] 53
POR D,—~D, 055  0.0000 - D,—D, 002  0.0000
=5100- D,—D, 002  0.0000 =SiH- D,»D, 183  0.0007
S—S,  0.13  0.0000 S-S, 001  0.0000
POL
S,—S, 078  0.0001 =SiOH T,—S, -1.19  0.0000
=Si00Si=

T1—So -1.72 0.0000

S1—So 1.55 0.0025 Si—Sy 0.31 0.001

=5i=0 S,—So 224 0.0034 =SiH T—Sy -1.50 0.0000

Ti—Sp 0.53 0.0000

S;—So 0.07 0.0000 ' S;—So 1.02 0.0002
=Si0, S,—So 1.79 0.0024  =SiOOH  S,—S, 1.12 0.0001
T—So 0.44 0.0000 T,—S, 026 0.0000

S5 AHAEBBERERAERTHEERAR. b, BERITTRE
HTHIENRE, BB IS TR REREE. TIRMEE s FEEIET
RRBENEEE, FREBKRAS TESSRERT. BE P8, LE=
FhRRLYESE NBOHC. POR Al H1 RETEREBNERE I AT oRIG, P
NBOHC St A BB L T EAae, TR A — AN i TR B PRI 2.21eV RER,
X — I AR R SR o A VB B ~550nm FIE 58k, F4h, POR 1 H1 tHAE
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193nm 4 EFERETT A

I ARe R M IE R D B AL B (<1.0eV), {Ef#EHH 200-800nm & B A GG LA
WS, A, R AAROBERERTHREREYNT 64ev, WIHE
193nm HE 5 T 1x £y £ B 1ar R B BE A% 1 P VK B2 1 g v P PR SRS
#£ 55 E(=Si)» NBOHC(=SiO"). POR(SIO0-)Fl H1(=SiH- )ik A K %of RLHF et R
¥y B B BB (LE) AT FE TR AN BR(EA)

Table 5.5 lonization energy and electron affinity of E’, NBOHC, POR, H1 and

corresponding charged defects

BRI EA[eV] IE[eV] 7N IE[eV] BRI EA[eV]
=Si -0.02 8.36 =Si 1.76 =Si* 4.76
=SiO- 221 12.56 =Si0 3.87 =Si0* 5.86
=5i00- 0.43 11.57 =Si00’ 4.10 =5i00" 8.60
=SiH: 0.02 8.26 =SiH’ 1.56 =SiH" 5.27

Sa U EVORITEER, A £ AR T T E 2R 550nm K6l (3R
) WSREHTH SIS, RIER 5.4 70 55 KIFELR, =Si=0 Al SiO°
BEERE FEE ~550nm (IR YE1E S, 1H=Si=0 XRAIEKEEE (6.09V) LT %
P 550nm 7GR UK BE B TEEI(3.47-4.6eV) . T=SiO L B T R EMBEE N 3.87eV,
5spibh BB BEETE 3.47-4.6eV 1 550nm X EFSGIEFALL. FEBSEE
B FR A=A Si-0 Mg /=4 KREMENE, M. J. Matthews A FELEHY
Si0, PUEMATETK /7 R Al REB L &5 MG TE i=SiO 41, LI IE 3K 550nm
WLl FEsk B T=Sio 4417,

Rk, TEFTE KON ASRE & g 8 2 B TU £ 0¢ i e DU DU AP SR I A Al
1) 650nm %% 1 NBOHC Stff D,—Do BT, 2) 550nm Vg, ATEEH
=SiIOHE X E &4 M, 3)363nm KIGIET]GEH ODCI $kFE S1—So BRIEE MK, 4)
313nm % 6E i ODCII 8k S1—So BRIEA K.



E5E BTUETERMARAGRMKAYEL RS

55 SHEEFISERSEK

551 S55%M 193nm FKEEENR K

RN, R RS KB R F R W R AR A
B, BEMEESHEITON . SESNRPEE A E R FRAEDY, thet
Bt ks Wi, FArFitFERRTEER, RLZREEFIRE. TE
BHRESRMYZGEREE, ZEBENELRE, IHERNREFRTFE
FIRER, AR KHEIARNEBEE. 5H5b BTEESMUFE-TER JFH
R AR IR B RS B R AN = 2 (B 7 1), B4 1 I DR W AN R A K O
[5]o BRI AT S 4347 R AT A HR 30 9 77 1) U0 S B2 S e 64T

EERIGEE H MRNEDERE H-H 8HWE, SREESEERN
B H, 5iX e hfa R B AR RN, ITIRIE Hy 5iXSephba 275 880 R AL RN
BERERNEIMESTEE.

nt @ H HH—@ ‘H°
@@ o -> @ 6 - ,
" @ v @ 9"
a) =Si0+H, > TS1 - = SiOH+H,
H H”
H H”
© , O
. ®0 ., o0
@@H 0 @H

b) =Si0O+H, > TS2
B 54 aNBOHC 5 H, XM, TS1ARPEER; byl NBOHC g5
H, RNGE, TS2 ARMEES. SESPEAHFL AT ESEW BN

Fig 5.4 Sketches of reactions between NBOHC and H; (a) and negative charged NBOHC
and H, (b). TS1 and TS2 are transient states in (a) and (b). blue error are direction of

imaginary frequency from each transient state.
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193nm 4R FOL R AT

B 5.4 J9fd BRI AS 38 2= 4007 e o M NBOHC 1 £ FL (¥ NBOHC R 4351
5 RNORMEEE. B, <o RRBET, i NMEa iR, 5
SRR B H, Wi S Ee E S S B TR FRC. TS1 M TS2 2518 NBOHC
FNa 415 NBOHC 5 Hy R M A A AT

76 B b NBOHC 5 Hy RS HIIHERS TS1 #, H-H 89 8K(0.80A)ALLT
¥I4E W b H-H 8ieK0.74AE K. BN, AEMKNIRSITT A ERE,
— B, BRI E T ARTIRS . RS RURELEST, REMTE
H, 4 FI H-H R W, Hdm—A HE T EAESERETEAH O-H #.

Ti7E# 41 B g NBOHC 5 H, REIHIEIEA TS2 7, H-H #H#K0.764)
S5t H, O H-H 8 KalE, RN ESEReI T RS Hy 207 B ER
E TR AR 90°, MRS H-H Sk TH. WHEZTH L, H
TovkEEET H-H #2355 71 87 NBOHC KA RN

S LI 193nm WAEBE S Hy B9 R BT IHE S 20T, KPR LR,
A A NBOHC. Mt B ML POR REB EEYS Wy KAERN. AT
HE— B T R L SR U R R RS Y, & Bl RS aE A R R
(68 B 7 22183 IF f (L 32 & B2 75 R 2 & Sk U7 18] 48 R 9 SR 7)) R 1) R
(12 S 7 75 R S 8 Sk 1R AR R B SR T T8 B AL BE

%56 E(=Si-)» NBOHC(=SiO)Al POR(ESIO0RIEE H, KRB K IERM
£ R RL VS 4L R

Table 5.6 Reaction equation betwen E, NBOHC, POR and H,. Corresponding activation

energies of forward and backward reaction are also shown in this table.

AR EmEMELEE BRREEGEE
[eV] [eV]
=Si-+H,—=SiH+H, 0.35 0.12
=Si0-+H,—=SiOH+Hy 0.04 0.65

=Si00- +H,—=8i00H+H, 0.96 0.10
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E5E BTUHIFERRARNREAYEL ST

F 5.6 NITHBRIH=FERES Hy R, IE 6] S BATIE [ = B R TE AL E -
B E'5 H, REMELEE S s EE (~0.39%V) W& . EXR=MRM
1, X NBOHC S5 H, 5 % A9 IE 1 5RO VG A AL T30 141 S 2 L B
Ao, BTFMEFRIES B RS H, MY S0E BT ERRIREL, BRI
15864 Hy 7 SiO, Pk th B0 i 5 1L 88(0.38~0.46e V)M, 7E IE [A] R P& AR, X
# NBOHC fl E'5 H, RBIEW AL T i%{E, T POR 5 Hy RMAJELRZ AT
ZiE. FEM, FEX=FERIET, {8 E'f NBOHC Wit H BERAERR.

AN, R H, e 5 H B R AR FE ST E T R THRERT,
At H1 A1=SiO0H Hkff Ltk ODCIL 1 POR E &, H1 F=SiOOH HE w8845l B
ODCII #1 POR 58 HTRMEAEK. BHTXERFREREENHR, X
WRHRNER, HEAFEDES, eS8 EFESEERNGEE. HTHk
b EERTE A MY R ASMEXHREHARETRE, H1 M=SiOOH & TN
BEEB14 55 ODCI #1 POR 5§ H, EABMMEEEME, £ T /DS ARGR
fERE ERTiR T, SxZgERTITE.

5.5.2 SEXEPEE 193nm RS TFREK

10

»  Si-O bond relaxed

sl * Si-O bond fixed C

— .I
L)

o -
2
© 4 hd
5 B
g o~
% 2 ® D E
2 .

O 1 A- L 1 1 1 L

o] 2 4 6 8 10 12

O-H bond distance (A)

B 55 SABSMRESHBRPAIR R Si-0 BKERRIANRE] Si-0 KA RFER
TF=sioH RAKRRERE O-H R M. RESEMIB S RERLEY, KoM
WET=SiOH MIZHEL R 3 M Bt4 R AR

Fig 5.5 Potential surface scanning of SiOH model with restricted (black dot) and
unrestricted (red dot) Si-O bonds. 3 stages during scanning of SiOH are labeled by capital

letters.
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193nm ESMAFOLEIFETT A

YERIE ZEh % T H Sk < B =SiOH. =SiH. H1 F1=SiOOH. {#H%#E
X LI S E R O-H 81 Si-H 28K TR GaEE, FTUMEEIEAMIN
i i 2 £ e TR A T 2 R 00 B 5.5 9 BR Y Si-0 SEACATANER Y Si-O
B2 H0=SIOH ARG R, X O-H Bl Ke, WERNEREER
B O B KK FY 1.55-1.75A 5, FAEAL RO B BB KRR R T4,
LB AR TR da R A K AR B 410 2-3eV. T2 O-H K KT 3.55A J5, Pifd
AT B S HBE O-H B KM KT R, SZGAF — MEE[E. HEIE O-HE
K-35 11.00A BRI A A B, PR Si-O B K T=SiOH & RLH) 7RI HH L
SARMBE] Si-0 K F=SiOH A f 4 =M s Em UL 4.5¢V. ZURRY
FEXFEFERI T, =SiOH e MR- M AL F] B AR IR KT E

® @
D___ %@
"@S.:, ® 7.60ev o "
B___@ @ R E'—;— ) s o' M
T e, ® o ¢
A 280V| T @ © 3.02eV
@@S' 0 2.16eV
L
B 5.6 =SiOH EEEEH O-HBHK, FERERE Y BHEE bR A IE=SiOH
HERREXEHRFRNRE

Fig 5.6 Changes of SiOH’s models’ stages along with increasing O-H bonds. Energies for

transformation are also labeled in this figure.

KT T IRF RS AF F=SiOH AR MRF= 7R R R B 3 72 i = B
EIRELEAT 4T, ERANE 5.6 Bz, HH, A—B—D AMRH Si-O K E
RIREIRE O-H K KA, A—C—E RNARHE Si-0 K EA A
O-H B KR KMk, O-H R KE T, YFMHEENE BN N
R (Si-0 B KRS R : A—B, Si-O BEARSIEIL: A—C), O-HiEL
MEEFLRNERETFIRENEET L, HAERRENSH, MASHK
O-HBEKE, mTHMEET Si-0 BNBEKTNERBR, <SEERNY
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5% BTUHEITEERAIEA RGN

HEBKHZER. UR4E Si-0 BKHB-D), {UF O-H @#oKAEMBIFEN
NBOHC, RIEWHEEMMYIALEMIEEEZE, =SiOH iR 4 5 NBOHC fiH&
RIBEEN 7.60eV . T 24 /7K Si-O M EK IR SIS (C—E), FEE O-H B K,
E Si-O £ FRAEWR, Beigdpii=Si=0 ZHMF O-H &, =SiOH 4 R=Si=0 i
TR EIUE 3.02¢V, KT SiO-H BHIRAFNRE. B, dBTHRERM
B IE, =SiOH BB B AR R ERIGREE, 7 1930m(6.4e V)RS T=SiOH
T fe it B Tt A2 A i=Si=0, BUBE XUt Fid 24 B NBOHC,

ot DU R R BE B S5 RE T A 45 SREAT 20T, R HH A R A A BRI A X 5
PR ARE, SRR 57 Fin. H, =Si-H M HI GhiEEd Si-H SR
47 B BB AE B B> BRFE(=S1-)F1 ODCII SREA(=Si:). M=SiOH F=SiOOH SRIEH, k&
BT O-H Wiz 454 B NBOHC kB (=Si0-)H1 POR Hiff(=Si00-), Eri@Ed
Si-O iR 4 BER=Si=0 BREEF=SI0, 5itfG. LB L RBEEEEIRE,
B%=SiOH R/ NBOHC 2R 7.9¢V, HALRFFTRREIRT 6.4eV,
[ HLAE 193nm HR ST ALE e Pl iR AR 4.

£ 57 =SiOH. =SiH. H1 RI=SiOOH K KIEE RN A EARERRRE

Table 5.7 Reaction equation and corresponding dissociation energy of =SiOH, =SiH, H1

and =SiOOH defects’ dissociation.

RRBLFIER R REleV]
=SiH—=Si-+H, 6.23
=SiH-—=Si:+H, 2.05

=SiOH—=Si0-+Hj 7.60
=(=Si0)SiOH—=Si=0+=SiOH 3.02
=Si0OOH—=Si00-+H, 3.93
=(ESiO)SiOOH—>=SiOz+ESiOH 1.30

$4h, =SiOH 7 f#*E R NBOHC AT HIREE A 7.6eV, 53N ERIRE
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