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Damage mechanisms of optical coatings induced by 3 laser

Hu Wang
Directed by: Prof. Hongji Qi

Abstract

All-solid-state high power laser system is the most promising method to realize
the inertial confinement fusion. Abundant key optical components such as lens,
coatings, crystals and gratings are required to control the energy, pulse duration,
wavelength and spatial properties of laser beam. The final optical systems containing
the frequency crystals and harmonic separation components are the major segment to
suffer the 3 laser. Comparing with the traditional wedged prism and focusing grating,
the harmonic separation coatings are relatively simple to fabricate and can arrange the
3o laser efficiently due to the perpendicular reflection. However, the poor laser-induced
damage threshold (LIDT) limits their application in the megajoule system. Abundant
investigations indicate that the damage initiation is much more affected by 3® whereas
the 1o simply adds to the 3 in enhancing damage growth. Therefore, damage issues
about the 3w mirrors are the prior target to be resolved. In this thesis, various works on
the damage mechanisms of optical coatings induced by 3w laser are implemented with
sufficient experimental and theoretical efforts, as stated below:

The basic principles on damage probability are reviewed and concluded as well as
the probability error. With ensemble model, the Mont-Carlo method is applied to
simulate the damage testing process. The simulated damage curves are consistent with
the theoretical curved given by the ensemble model, which verifies the reasonability of
the Mont-Carlo method. The results indicate that, the precursors inferred from the
small-area test can be extrapolated to the large-area of the optics. Based on the ensemble
parameters, the distribution of damage threshold of the sample can be assessed by
Mont-Carlo method.

The near-field and energy flow of rectangle structure on the substrate are analyzed
rigorously dependent on the structure height. The parameters are optimized to compare
with the Finite-Difference Time-Domain Method so that the consumption of calculation
can be decreased. The mode amplitude density spectra are proposed to analyze the
resonance due to nano-structure. With the introduce of the new mode parameters, the
total field is decomposed into four parts and the contribution of different parts are
evaluated. The results indicate that the enhancement of near-field is dependent on the
resonance of sidewall. According to the energy analysis, The incident and lower order
field is directed into the structure from the root of the rectangle structure although the
enhancement of the near-field is not obvious around the sidewall. Moreover, the
influence of the height on near field and energy flow is discussed to reveal the localized
of near field as well as energy.
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The coupling mechanisms between the 3w coatings and substrates are investigated
and the defect information is extracted according to ensemble model. Based on the
defect information, the damage testing processes are simulated with the Mont-Carlo
method. Therefore, the accuracy of damage threshold for different samples can be
evaluated. The damage morphologies between the coatings and bare substrates are
investigated, so the defect level or category is divided. Various factors reducing the
damage threshold are discussed and the defect agglomeration during annealing is the
mostly possible reason to reduce the damage threshold.

Different damage mechanisms between the 3o and 1o laser are discussed as well
as the surface ablation. The damage precursors in 3w high reflective coatings are
divided into nano-absorbing defects and sub-micrometer nodules according to the
damage probability curve or morphologies. The former is sensitive to the electric field
while the latter can destroy the standing wave electric field. The nano-absorbing defects
can be suppressed with the design of double stack. The damage resistance of double
stack is limited by the mechanical strength of both the nodular and interface between
the oxides and fluorides, which predicts a promising method to further improve the
damage threshold.

Key words: 3w laser-induced damage, high reflective coatings, defects
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AR Nd:YAG B34 tHBATM0E (1w, 1053nm), GAMSRs e R A = 1%
POt Gw, 351nm) FFE RSB RALIITE. BFRERR K S8
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EMRLAERR, tHHZA2BKERRBGEER=FMELER, TEH
BE ZEPRE L HMRINEZSFRBO N ER LRERGHERKSRERY. K
U, RTE/UERKFRG R B g Y1 R,

MIRE 0 R G RIWOE T i E E R B AN BRI, R ELERT,
7B T B BE B 7T LA I oK FRUBE R A S i B T 480 B A R A LR
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JRIELS, BT AR v E A R AL = R 00,
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REME SR X 43 AE S 5 5 BhBE £ S IAMERG TR . 8 T B FURBATE S I I AE 3R
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F, FSIERA ERIE KRR IMEIT RS ARG, BRI T #SB@a%E=
ST R BRIGHEA L =3 M mERE 50~100nm PAK K
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FIIEE R~F P, BEJE AR A iz B xR A R R AR FE S NHRGHET T
WA, W T REG=EHAILER A LU R RAAERRERE.

Onset n of dified regon

Laser puise

)
o
-]
g‘
g
3
g

Delay Time (ns)

B 18 =& MBA/ER THALRE R & FR 4T 42 6heE &0,

TRF, —BRAAEEME. RATHUEEFAERBERERBERN =
HRMEMLH, T RAREY (BPEM) RETFHEMBREREREE (BE
FETT D LSRR B AR = 4E MR B SR 70 A B AR B U 2 0 SE 30 30488
AT LRBBRK A REER ., 2 BEEWREERE BSENB LRGN eREE. &
R ARG . T A XS SE50 = P B B LR A AR R 25 DA R SRR 5 vkl
T4,

HF R (LeicaDMR) Z2—FEMABRNFR . LR ZFERKLFEE
BRI RS EH 50~1000. BT LA {F BRIE B MM kLR T 3R R GAL B R
Ao BZRESRENEE, TEFMHAGAEY UMTFRKER) HGEhH. B
I, XEEMEEEEN-FRERNRALFOFER. SHEORTMAR.
B RIRU RGO EME B, UEEEMARENRFBOITERGH
TR FI 434

TEFRBAL (Veeco) B—FRIE M T EIRME T —Fpdeafd X, =E.
TR R R T U BN 38 . LR P R B CUR BRI AR IRAR R 5 £5AD 20 15,
F BRI RNE R AR E LR R G BERERE . BT ERERN, (EERBHEAN
5 B CFR ZE R FUMTIR BE B KN, 3308 70 540 B 2 i T RRAF 76 b T AR L R Ak
MiRZE. EHERBERORGIIREES, FEFE AFM 3F S GHT#
—GHE.

AFM (Dimension-3100 Veeco) & F|F &2 8 #0844 71 E Bk 2304
AR ERFAE A — FP AR 2S BB A5 IR S R A — AR B D BUR T 2 (81
REBHEFEABE/ERARAADROREDEHWRAER. LB P RHH
AFM BEF=FAXER: £, FEMXNERKL, BRE#EREA
90umx90um, BN HEEN 0.05nm. AFM FIRIETCEIERE /N, THTFRUENE
WS, EFENETEEL K (G90um) BEFITFE (BHEHNETEED,
M AFM iR BHEREEE. N FXmfER, SHEXEER, WelXAHEM
POHTRE; EBRREREEN AR, 7TLUER SEM BT VIRIME. FR, #Er
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BB RN RIS REF AR ZIER . MER, FERBRVERERL EER
REEEH.

SEM (ZEiss Auriga) 2F| i REH FRAKEGDREZE ST HERE . BIEES
A BT RS B T AR T AS R AR 2% REAS [ i 2
S AR ERE R AR A, BT DA R X s AT PR B R e AR, KK
SR ERTE] . B, BB ERRA T A WIS R A% K5
F#TR, FHIEAL B SR R 5 R

RHEFEH A EM Y (DektakXT, Bruker Nano) RFHEZ#HZEISAIBIE
RS, BILIRE IR SR EAT VUM, ALER AR B A R = E ZE TR
MHEESREMENMEHREARSR, LETEATNEBERBERWEAERER. &
MR ERE AR @UPFER 3D . @A TENEREFN—%
2. BETHRANERAFRZLLAHERR BIHRERAR PRI, LK
FENRANERAMWGFERKIRE. FERNERLAFM HBME %, @
T EBE LR — X IBH =G50 X Fh 7 ik e S AS A 18 B4R 4 X S 4045
R, BN RRK . SRR iRE AT REESEANERX. KBPFRHEE
BB K I RRAE T BB 4 R ANE, ANME T F 000 B A=A E IR
TENL

Y6 R E R IE RS R LR P ERR SR E TR RN E
Y. 180~3000nm, Ul 455 9+0.08%.

FEFWACF A T R EIE T E LR E NI E R X EE . 6%
T4 3 B R SR B R L B RE BT S e TR N D T SR B n il AR, ARE R
RS A R B RE A B F K

1.6 FXWHARBHFSAE

FELKR T Botma K = FRBUt R T R ARSI IR A, E WSt
FEARMB = ERBOCHRG T CLITR T KERTIA LA, WX T =/
HERERIR S TAREREN 21 A DORECEUD, LI = I RFEERT AL R 3 = (5 4K
R R K E BB /7 . AW SCTE SEI = I RIBT AU EAL b ARG HER = (5SRO
HMBERTTRTIE EEAFBLUTAZR:

1. ERESEHRGBENELAME, TESMRREMXNEEXEHS,

FRET REEA B SR B T AR AR IS AR, PSR I L
B RER SRR E;

2. BIBRIEHEIIESEBENT KB SR NTIE, 1B HEE R REE R
B, HRERR AR REIRIEE 2 i sh S RETR, 1REU M s37 58 5 e
ERBUHEERE;

3. XN=EMBOLER TR 5B S IR0 R BRI, 1SS
& PR R E AR X T & BRI TR R K

4. BIATHREBEERS =GR RERGESR, RETITERHLRR
TORMERIIH SIS, SaHS BT EME T IR Bk, I
T T &R R T SRR AL o
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2 WRPEGIHRE
21 5|87

Rk B RS E I H R R IR Tt E U SR MBI RE /7, THRRIE
TR ST N BOCHE EER B TH A SE BN 7
THT LA R R ISR 51 L . KERIERIR 5 SLU0RT U R B, SRR MR b 0o
BRI E B, 7 T HRE A R B e g5 1 S B R b B (K T
N EARTE. BTSRRI R AL BLUENKRBESR, 2 mREE TR
FiEZ SN2 FBREORMRRT, B 502 i SR TR F Bk R
g skbE, FEERETE SRR ERIESRIRA “ KT, SREaRIRT .
fir B SR BR FIRENLIE (£ 85 B M B B BOL IR R I 9 B B9 41
BRI R IE A — P B IR T B, 81 R G 4R HR BB 3 A0 B BREE s
ST 3547 S A 3 T 1 S 4 05 IR » 2 T B3R DL RUR T it S ANl BE R KT
RV, 8% I8 R 8 X AR M sk AMER D2t e R e iE, X
BT R EEIE R T ESER.

Bt IR TR RE R g e EE EE. R BRGFEFRED
e, EAXRTRTEERE XET LB RGEE (REREERT, UK
R HBAR G SRS SREFAE. @B LIRS REREEGH T RRGHTE,
RESMEBEIMNT 0 RUTMERET F. B TRIR AR IR E R,
HMET BB TRME A LS HE SR X TS RERY, XA
SHBERT UE I IR 5 0T TR R - B T S HR R R SR i
THERATHMEIR, BIURERLE (RIEBHREN . RIERERLE
AR AR AR, LT DUSR B BB 25 B 5 IR SRR K . Besh, ZERTG B
B R AR 02 A BT BAXHRAT PINE AR AT S R AL, E— SRR R BB R
B RER 713, SN B R O 5 R A1 4

2.2 BREM,

Bt R E R I SR BOL RGBSR R EERIFZ —, “1-on-17
B EIREREEREE MR A RER— IR, 2 ARGIEFEOLRN
H5 TR EOE R IHE M EEFE . Bt ER R X — AR B A
TERLT 1S021254 #rdE®0), sE FPEFPUHNIXEZE WA 19 Frr, & Nd:
YAG HIH 61 Q Bk 28 UL R A SR AT & M4 5K 355nm Bk B8 8ns B Bk

. Ot BotRE BT i AT DURREE A0 B AR A R RE B R R S

WL RTINS SR SHz BOBOt Rk R IR IR 2 B Bk rh 88, FIRIFE £
CCD PHEBOLHRMRATEFEMRE I, BGMKTEREER Leica JE# R4
FUMERE RN, FFRREE AT R E NI ARG IR E.

21



ZAMBAFROBHHRFL/ZR

—1 Pulszd Nd-Y AG Laset ————————7

Campn {
| Iaging ) Attermaton

Enzigy neter

. W\
O A
77

| 5 \-\{_\-:\ e e T
| <= oY r
— B \ | |

n e T
Stage 1.}-;\ Plano-convex

Y
A Sample lens

B 19 1-on-1 $EAR15 M2 % B -~ & @ ED

PEFENEHOME LB TER . BT HHT n RARZRFRERFICR
BHHRERRE k. B4 19021254 FRAEXRERRM BT 1-on-1 PIK, 7 i
NEBREE Fu 6MIERT, US2HRMERRAEXS n NMSLATRE S 31T
RGEIR, FF kN ERERGES, EXEARERIE R0, k), WE 20 A
~e B, BMEROWEREEENRAEOMNTRE, ERA T B RS
Rt 2 A0 BRI BIA T R AR BN E G B T AR A E . A B AR IR
ARSEFF RN FIERAEE S T 5888 £ 10 s T LUE R T3R8 4R
iRE. EEARE, ERMITERRIRNRERIEFEEN.

U}

p=kin TESTED SAMPLE: &
000000000 !

<
. &
QOOOOO’QQ.
SRR AES
LIDT. @@O@&@@@GG
eee

A ——

Probability . Damaged n=10

(=]

Fluency

[=2C R FUR - - -]

B 20 1-on-1 MXRGHETER, HEATT: KE - L ¥ Fole? IRE
BXBER; NIR - RETREHTHMAMRER; Eé& - 8BELAFHNK
& g - A K182

MGt Lo, RGNS S » EESRIER, MK SERE R EH
i ERRGHEFLER, RN . WRIENRSOHRGEE p, sl
Hn MREPEER kN ARERGIOME pyy I KI5 A0 R E S

pu(®) = Cip*(1—p)¥ (2-1)
Hep
n!
Ck= 'k—'-(;_—k)] _ (2-2)

Eit, pu RBRET FENMAGLE p FEHIIRE R, HEIER 4. KR
BFRNAMEZRESH TRIRAER®0, b, TENEHARER 0, HF
R IROIEE p B THE pes EHEMRFRERENEFEKF c HRERRERGKX
8. RERMFTER, EEIEEEHT, ERIKFAEL T, NZEETE p
B, RIGEBERBELNRE RN, HPOBEEE (RRXURGHENEE). %

22



FTRAMFRESXFHENRF LA EFRLE L2017 F

BZ, ppeaNEpuFERKE. B 21 HHT 10 MR R THBIARERAS S8
TEBR A, SRR R TR R EE p=kn LFERKE, Bk
AT LK ko AR LE R (n, OB BRERE R FHIEN pesro

1.0 =T

08lb. N ST L .

0.6 ............ ; ............ ...........

O04f - X.oonit .......... 3 =3 ......... k=‘—5 ...... k=

Probability p,,to obtain the
measurement (7, k)

osb .\, AT s T N

0 ; ; .
] 02 04 0.6 038 1.0

Supposed damage probability p

B2 BRRXEETROBBELEP T, AnAMAMKEFTAH EANEKLHRS
8 BE pu (D)o pM (D)AE p=pesi=h/n R FFF W KA
RFEESR KB, mRIMREHRRH L, £ n KRB ER KRS
WRERGAE bn BWSEIRIRIE p. AT, LRI SEER, HEZHE
TERMRBERGINE bn BRE—EWEENMERRE p, REHEH
RN BEX MRREEN. BR, BMAME p. AT XEI[0,1]H K& EK
FH100%, EREBFEHPVEEXERENXOH. BEXAMKERRMT
HORSRE, X/ NERERERR, AMBEERK BEESERXAEEL
FME IR, FEBATT LG py o)A — R R AR ML KR S
BREXE. H—ERXN pyRERHN
pM,norm(p) =(n+ 1)pM(p) (2-3)
513
1
-[0 PMnorm(P) = 1. (2-4)
BERAETHE pes FHEREX B [pes— Ap., pess+ Ap+ ]I BAEKFRIBITH T —
MR TG BB prnorm FEZZX B 52 B 224 TIRER 4p., 4p. 548
REEKF ¢ ZIRRIKRFR. @I HRGHE p MEMAETHEEBEKTF
FATHUAT LAHA 5E 17 ﬁﬁi&ﬁ*ﬁfﬂ’]ﬁftlﬂ[tlm— Ap., Pest+ Ap+)o

Normalized probability pas,om
to obtain the measurement
n=10, k=3

o o2 04 06 08 10
Supposed damage probability p

B 22 MiXLER (n=10,k=3) ERREK Ap, Ap. Z AT B R AL 84
FEEKF c=67.4%
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R 21 5B 22 H—HAH A URI, BEN pu ()R pen =0.5 HHE
TXIFR, TE pest HES 0.5 FIER T RIS R pesr<0.5 B, FIREBIG L ER
EWHR per>05 K, EREBRKILFRERE. ERRERT, G100 pes=0 i
K RABIERNRERE, BE pr=1 B RERKIRZRE), XIEFATLIERBER
FoNF 1 EHEEL. BRELR, BEXLTTRERRIRA 1k c ERXKE
wERE, H2, BLEER 22 FKFENSEEIAZEFERBEKT c 5t
A AR A ERR I EfRER . FHik, ETFXHRNE—BRGURNERS
BEE TR IR LT E X
1. i KERTHEEREMICH Four U Fo FIBEE G MALH n AU
RBATHER, BRRERGRRSE b B8 A ESH RS
R8N, k);

2. MFEAR-DfE T HEBRMEAME pes=kvmi, T RIETT IS NHR
TAEXTLE, T 3CHHA PisRAAE pesiis

3. HREEEKF ¢ MBELAR-DAE 22 P HARXIE ST ER Uit
%*E@E‘Jﬂfﬁ 1%%1% Api-, Apnﬁ%‘ﬁﬁ@fﬂ[pﬂm - Api-, Diest T Apn]:»
%T?}E*’ ﬂg«)'%‘ Ap;:'i préjﬁ—%%iiy‘j AP:’-—% APy

B RALRHIESES {(Fu, P, AP, APi)o
& 1 MK EHH 20 HBGHERANE T 0% EREMHRESEELRE

R RHGHE NRZE EREHE BFREE BGFREH
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& o ,09®0 44
€ ® .
L [ ®
i ® e
A @ @ e
o ® ® © °
w M.1Z @ &
R
.0 ®
w0l L ®
1, S
0.08 ® ™
0.06
opa @ @
0.02
le -]
0 5 5
IG5 %y
TR IA1AmEA

B 23 M8 E55A 20 H ARG EHM ZEE RIEEREMS

0.70 4
0.654
0.60

= 0.554

(m

2 0.50

nerg

S 0.45-]
0.40

0.35

o 5 10 15 20
shot number
B 24 ANMTRRRECH TREMEZMBEARNER

AN EEEEFREMES AT, XEERRAEERER 20 MUK SR
HEH 21 PEROBGHELEBRRESHEXE, WK 1 For, EEEH
BRI P AT LUE SRR | RN ARGBR LR ERE. ERRERR
Tl RN E 23 FrR, Bik b U—F R0 S EO P xR .

BT BEASNSIHRENS BARGAIRI BT EASEEHEILRES
RGRE, Glmbkrb-RkrbaeBiaEt. SLRZT AN MERIRE. REEEN
BRESHSRESHREBMIERE. Ukkrb-tkrrse B2 A6, WA 24
Fir, FIFFRRER G B T BOLSE IR RE B PR AR IR OO AL I E MEE B h, /¢
BAMREE S FHENIELS R 3%. & ERREMBILRES REREE
ERRTAGHHBRGIREE, RZEEYE, AR TXFEEZRHRFFHNS
HiRE.
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2.3 MG EHhE

2.3.1 RiaE

BRBG R LR g(D)RIEBRIG T F RS RE WL, BERERTE T HIREL
BEA I BRAG 00 B ELR A BENE, gMdT TE¥E L SCARENRTE T->T+dT Z

B R EARSRIEE, Bhd = [ g(T) dTRAENRBTEEANBREER. &

W, RBRGZEEETNSY o BERRANSH o TUPAN—KERMK, HE
HIBRPE RERH LA S ap ML, ARHAARERRE IR0 B2 FhEREE A F
AT REEAAK B, THERERBFE—KRBIER.

R eRbaE A B AR R R E T B R RE T, ROGFAFRAT LR,
TR, I GRBE B T 1 BRI Sr(Fo) & A LB RIS (E RE R H B Fo 4L
TFERE B RE D Fo MR IOGHE A 7T BE H BL AT 28R P BN

Fo
NG = [ sr(Edg(mar (2:5)
0
ERNFESFRE, RABENF)REN
N(Fo) = Z Ni(Fo) (2-6)
i

=

:
I

B 25 &R A 5248 B 5k 1 RS A 4G & @ 152
BEWNN, E—REAERET, B2 n EREBEER R TR 808
N(Fo)RIEF 2, B

Pr(n) = -li—nexp(—N) (2-7)
RIE AR 2-7) AT A RAEB G REERN
Pr(n = 0) = exp(—N) (2-8)
NEEBREERE Fo FTRHRGEER
P(F,) = 1—Pr(n = 0) = 1 — exp(—N) (2:9)

qE
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_1n(1_P)=N=ZNi (2_10)
FEEAG ST APER T, %%ﬂﬂ‘]ﬁﬁ%ﬁlﬁlﬁfu\ﬁﬁﬁ
2
F(r) = Foexp [—2 (%) ] (2-11)

Hep r MRS, w AREFEREST Foe? MR LR, S5Z MM
PEEI RS, = mw?, AT LR i BB Bl 7 i KR AR

Sr(Fo) = 0.5, In (%) (2-12)
ERANGHERT, ZHEMER, RENEETEATURIEN
2 2
F(x,y) = Fyexp [—2 (22— + %’5) ] (2-13)

Hx, y AERMIT, o b NEERTESET Foe” HILRMMEBEE, 52 MR
KT S, = rab AT LA BT SRIGRE T X ER A

$,(Fy) = 0.58,In (%) (2-19)
ELT iR EASHER SIS, FEHET Fre? KRR X
Fy FO
N(F,) = 0.55,In{— TYdT 2-15
( 0) fo 0 n(T)g( ) ( )

G& AR 29 U MBI HIRES (Fo, P, APs, APLYETIE S
B, RERARGSH ap RIRBIGRE RGN gD ASHIRFERE. ZE, UK
TR T A0 3 SE T K X 3R T 454 1 BB VR A

F F #/N — 3k (Weighted Least-Squares Method) 7] LA%E & R 43R 0HR %G
MR GE — P&, KRN TIRZEE Fo AR P (Fo) 5K
AR PAEEHFIRM, mAR(2-16)Fi, JRMFIERKBMERATLL
KEEEARNIETSH .

V(api (FouPd) = ) [P(Fop) = PP (216)

i=1

V(ay: (FouPd) = ) IN(Fo) +In(1 = P)]? (2-17)

i=1
Hrf o, RET LRGBS AR LR gD I p NS E R T HEAR(2-16)A H(2-17)
BEHEENL S5NENARTMEBESBES KL 0<Pi<1, NGit#m
AERE, Pi=1MPi=00REH, CERAREGITENL. RTHE VD
, BESHAUTRGRE

aV—O 2-18
da, ' (2-18)

R BT E SR LA W IR RS 5 ST R H0 BIE
AHER, GE RGN UL ESMERIRS B AR/ R BE) R KRS
EALFIES 2
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-2.3.2 BHLH

& 3 4> A R BT B BREA AR AR R A B2 05 B E 152, SREE RER BEH A

SH: RIEERE d SRGERME To, TTUREN SREHEN

g(T) = d&(T — To)

&(T)

B 26 $F& R EZHEHF LA FER

AN

FO
N(F) = 0.5dS, In (—)
Ty

FERL AR P R i £

0, F,<T,
_ -0.5dS,
P(F) = Fy
1 - 1= » Fo > To
To
1.0
3000 defectsiom

z 08+
‘_6 -
3
2 06~
e
j-%
% 0.4+
g L
& o2

] ] A 1 i L 1 i "

20 30 40 50 80 70 80 20 100

Fluence, Jem®
1.0

2 08+
:’g; -
-g 0.6~
£ )
o -
g 04 1
8 0.2

4]

. H i ] * . 1 1 3
20 30 40 50 60 70 80 80 100
Fluence, Jiem?

(2-19)

Eitt, RiEAN(2-95AK(2-19)7 LA Fo KRR IR R T F8a

(2-20)

(2-21)

B 27 ®HNHTHRIBER (L) HARRT (F) HAHGHMEHKGY

oy (REAH Tp=37.0J/cm?)
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ERFIEEOFBRET, TURBELARQ2DMRESE(T, ) K
FHRRT w S HRAGER R H . Il 27 FrRbEE SEE E 5 AT R <
m, HARRER ERERERBE, X MEBREEEENE, SETEERES AR
I EEA WL, AN, (ENEENRESE, RGRERER DXL
W, ERMAMFRZBLRIETHE, X5 8 X480 TR oS 4 Frsot e HU L E
R GRERAEY, FERSFRBEARGERMEHTRMREIEE. 4 &
EH S HRBMBGERMLED 0 TERFE 0 ERIAEFGEWAY, LRt
W IAEIE SR B 2B IEN S s, FERERELFRRIRIFH
HR AR R B .

MESTEAETHI AUEGRERERENETELE, BREAR(2-10K
(2-200F

—In(1 - P) =0.5dS,(InF, — InT,) (2-22)

2X=InFy, Y =—In(1-P), WaTLMERY = kX + b H A BRI R

588, #maRHEGEEESRE
d=25—':,r=e‘% (2-23)

A [ A FE 2 PR ERFG, LUH LI XURBE ], ATAREE 24 30 2-1008 A R (2-22)

MERN

He

- ln(l - P) = (k1 + kz) ln Fo + (bl + bz) (2'24)

ki = 0.5d,Sp,kp = 0.5d,Sg,by = —k;InTp1, by = —k;InTy, (2-25)
MR MERMAPBEAFREN LR, FHZ BT R MEEE A Fi, 24 Fo<F,
N REE KRB RENRERILE, X F>F i REHARBRBERREHRE
B2k, B, XUBRPET MBI G MR B2k 2 TS0 i TG, BT SR1B FI R RBE Y
FEH5BE
2k, 2k,

by b
d1=_,T1=e kl,d2=_,TZ=€ [ (2-26)
SO SQ

2.3.3 BT

WE W, BT SERRIBERT SRR R 37, 4 ENBRIERE P A6
B MEaEREA RN E T RAEBIR. 2005 £, Krol ZARE T B2 HER
AL, BRREBEIEESHE HENRE T, G REE 8 =428 FHRE T,
BEREE AT, BEEE 4 0B 28 R, BEHERERN

g(T) = 2d exp [_E(T - To)Z] (2-27)
AT\Zrm 2

&7y

AT/2

B 28 B EEZEHZHIATER

29



ZEREAERGREHLAR/ IR

GaNR(2-27), AR(2-9), AR(2-15)H AT LIEL E RGSH T iHH S
MRk, HERIERARAMRN AR #H TS HRNARESH

SHRGIEE POMEUE T T LU R4 #7 RS PO R~ X i 2
Bh £ IR mA . 5T R BA 3 B 5 BT R~ 45 4 R 28 i 4 ) R M 2 Ak 5 1] - A Y
HR—, XFENSHMERSERERRONEER. ATHASHE AT XHH
&R, ENEFRFSAERNREERE. FHREMATRR
(To=37.0J/cm?, d=1000 BREEHF 77 KR R 18, SRmE 29 FiR. BIEG
HETEMNRGMBHEN T EBERM, NG HESH o JESIFE 0 HA
EBFHTFEER, SRXEHERNABMEREAETYE. ELFEHUEIES,
B HEEERNRSSERUARERK, I EZHSHHEEUESH
BEHHIEZRIER. AN TREVEGHEESHE, TR MRS THIE
HERGBREME R R FES, FIAAR(224)F AKX ( 2-25)RIEAESHRES
FEVE NI L& FIPME, BEm AL sh R EE R EREE, RIS
S AR B R R R SR B A AT A

1.0~

| — AT=5Vem?
08— — AT= IIHFL'm:m
AT = 15)em?

0§l T AT= uJJ-.-m.j_.'

04~

Damage Probability

0.2 -

O a0 A E ?110 80 80 100
Fluence (J/em®)
B 29 Ak £ E d &K eHFoh
Hm A0 A AR R R TE R EAKEAR SN 0, AT RERBRSE
WIRARIGEE, FTEANNELHE. 40 LEEEEERET 0.3%MF4
FAMEREN, FEX BT LR 0.3%R 02X M A RE B & AT R1E .

2.3.4 INGS

A /NG R T REART SR FhaRBE R LR A0 o« BT (8] 37 50045 BOAR 07 BE =R e 2
AR, BN R LA, IR SE T LR F R A 2 6t
PR SR RE, GREAE R T ROBER & RIFFES . AT HARAN
BRAET A 0 ROIBERMLA th R WAL AR, M 0 THEEIIE 0 ER HhL
AEHBEE, ARFE PRl A%EE S MoA . BT ®EaAm 5 f 2 il 2T LA
tE e R AR R R R AR, ERRERAESR BET=EASH, £%
FRERI RS RR P A EZ . M TRIBRIEGEEAR, RERAAMEE NN
FRERT ABOA N R RES IR RFE A S, AT BBBXETEXN, A
FETREERAAES S —. B8, B0 v LIE R 2010 (A A sRpa & B 51
frRE R E At Bl AR EAREERE T S LRIE M S Bihsk. Hik,
EREEENRHMR LU SLEP, HERERRHI N EERNREEE
S5HRGRE, AR AR RS ENEEE, RRERREER
ERAREAEZRRE, EHRABMEELS TRABEE S HRER/D.
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2.4 WITFE

241 EXRE

R0 R ENERZEL ROERUARR ARG EE, BT
RAERES A NETR, WA T RATRERD AL B MBI TR, S0 8T
e S BEERR, tePmRrMENgiHE. 2T/ KIRIRIRE H5RE
AGME BT LA B SR WO AR AT B4 R RN, 2 2 R E R AR a5
BER G, VPl S B8 0o B #0 o ma LUR R T RE S SEBL/ X 4B K
X SRR 0 v e b«

ARG RS RS R, B R BRI RPN SRR . BR
PREBENE E E AR T H R E A BN 550 RERENL 6. FIR
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