¥ IE % 4R Acta Phys. Sin.

Vol. 62, No. 23 (2013) 234203

2 B B S B R Ve R O R B

i

SR BAMAT

M

ZTRA IWF KKE MEME FMFH

(W JRVE TP R 256 B 07U BT, AT O [ 5% A se i =, /R 150001 )
(2013 4E 7 A 4 HURH); 2013 4 8 A 19 A& HH )

A SRS B8 BRI FE S, AR T 2% B RGN R S E R R B8 AN R BEUR IR, 165
BHAE N 20.9° B 45° 2 AR S ERK, B KT 45° N T 48.2° ELUEER 4K, TR AR N 45° B K
LG F /N BT 300 WA IR 2E B AL, — e VU BN, 22 B S0R FE RO N 2 S Bk T R s Re ) B
TRTT 5% Z 380, ARS8 P 38 NS 23 (5 L 37 VRl s 189 o 4 P 388 n. Z 08 55 RN B 22 1D 84 n vy DA Sl A B4 S s At

FE, Bt AREURYT T 80 T ot il ae

(RO 0, T T S G R AR AN ER, IXAT e FE Bt O KA AR AT

SR BRI, TR B, B 2R, b e 3

PACS: 42.60.Jf, 42.62.—b, 68.55.—a, 42.50.Wk

15 =

BEE R B0 R G KR, 1505 88 KB K
9 PR ] v Tl 2y HH RE KPR W O T AR
FIER GEIEAT AR A S S R 3 (1, 1 I 2 THT o o £
T 2R ST s SUAE 45 05 11 43 st F0 BT 45 0 98 it
HE 344y R A 12

H T, A KERHEF AR 7L TR T R
SO 6 Y 1) 1 5 A fo Al b 00, s op 145
Y3 KA FE 1 D012 S AR Ao W R T 8L
PO R B, X R BT BT 5N
RN BT 1R 15 3G IR A FEATLEE. A SCRE A RR AL
X B G SR N T, o i MR T R A0S
WO Z B NERR. TR G R RSO
ML, AR SRS TR T FU 24 T SR SO 't I A R i 1
PERL. B e B R AU BRI A L, B Be B ml 1)L
Tl f T BOR BRSO L5 SR A e TR S 11 98 P
ANPRIEE, DLtk BB IE AL R U s A T R, #s
REAOLTS 28] 10 37 18 55 D) A g 47 49 3 5 1) D ik
PRF, s R R 45 75 18 K PITIREAR 1 e 4 R A e
i A RBIEIE, — 5 1 Ry e A o AR RN T 4
7, RO REREIT 6 RO KA LR R A 51— 5
AT B FEATRAR B LR, Sy i

t J#@INEE . E-mail: lvzw @hit.edu.cn
© 2013 FEHMEZES  Chinese Physical Society

DOI: 10.7498/aps.62.234203

IR BN T BUR LB 4.

2 TR %% BRSO L 3 R 4 5
1F i 69 B (B A

2.1 TREHZEBERUNBERE

I REEOE R G E e oo £ UGB R 9
AR, WOAR SO B I Rl oA S A R D S0 R T
AN Tk R PR I AR S 3 R A TR O U
Ky 351 nm. 4 il f 95 IV 2% T 2L S0RT AR 4
I YA TR 53 ik 25 B 3 80 (R 9 HE T 2L 40).
2 ) LR ] 2R ar, Horb LA 22 TR B N H
I, 131 S s - i 2 T B X ' 37 B4 8 s £ B
ZLGUAL T R THI A 175 5L B2 0, A 0 J5 R T A 5
R AR P,

DR B, AR SO B it T 22 R B0 T 0
P R R MO e LB T DL 1
BT s R SRR, SR H R 0 A0 F 1194 PR G
I3 M8 COMSOL Multiphysics X 5t 3 23 A 13k
ITEUERERL. T BRT T B X A R, 4%

A& IR DX R T A

RGO B, 1SR SR S RS oK &=

G4, T R R ORST RO ) R, G R LE AR

http:/ /wulixb.iphy.ac.cn

234203-1



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 23 (2013) 234203

PR MReE R E M A E N E
X3k, B4 & B i e 2k X 32, BLR 4% 351 nm /Y
B AT BUE AL, N5 HLIZIRIE H— 8 1 V/m,
HL 3155 5008 TE - I R . W Rl e i
FHRIARXT A HH BOA 2.25, FXTHL SR 0, ARG
FEN 1 AR B RO 1, AR SR
0, AHX T 209 1. THRE X 224 7 5 ik 9 DL T
11 5% (matched boundary), b N Fik HUR L 7 5%
14 (scattering boundary condition). ML T AR
Ja I, THE X3 H N LA 1355 (source field)
BN 1 V/m, T LTSI 0. 925 5213 T
RSN S K1 52 L, € L 98 T (field
enhancement factor, FEF) %N 15 X 80+ s 10
B AR, AIAN 5 508 25 B 2 S 1 B AR 3030 T 1) 1 14
S AT L, B BRI 5 RO

v [ T T

Ar

JERLAE

BT AR 44 T AR SO T 5 DX 1A B

VRN L, B SRS 5 A AT 55 e 1 2 A 3 3
R, B HIIAEERK 7N 1.202, Y6370 A Wi 2 B
N, EREEVE ET S O 2Ur S 7 8 o 5 SO A
B MA S8 38 IE NG N2 S i, 35 5 g 2
A STHLI ) 1.20 £5.

AR T8, R 2% B RS AH 5 T LT S50
PLE S, Wi 2 .

BB 3 AL, — Mk 28 B R A0nT AR S R R
FH P AN T 1T 2 24 GC 2 A T . D (8 LA R g,
&8 EC, DF R AE N5 — MR}, #2 BE, GF #HIFR A
%5 —/NRHE, 38 BCE M1 CDF X I #x y%L4%, 4 CD
s SRR LR IE BT, 4B CD R T
PN ARG O IE TR 5.

ROREN d, TFOTEE N w, NN 2a,
TR —ANRHI L 0 FR2 RS, BT d, w,
0 Al o FEAMAT, T EE AR A2 B ow A
d LK 0 X =ASH L e 1), BIFEAE W RO R

o = arctan[(w/d) —tan 0].

PRI A SCANE o AF 08— DN IRAL I S HOR BEAT
WHE, TANLTE 6, d 1w =SS HO k22 B AL
opyaZal Lkt palinl-2U0R

2.2 fRzE B RGBS 1A BHIIGEE IREE
0T o e
BT 2a =4 pm, w =2 um, d = 8 um 524

I, AN 15° 2846 3] 55° ) JLRIE O, a4
B,

X10~° Max:1.202

18 1.0

4.0

3.6

3.2 0.5

2.8

2.4

2.0 0

1.6

1.2

0.8 —0.5

0.4

0

—0.4 ~1.0
—0.8

-3 -2 -1 0 1 2 3 4 Min:—1.202
X107°

B2 SR L T RS LTI AR

H
F
6
F .
—~ 5T b * o
[ F .
<3y
& 4 . .
i Y .
.
H o3y
.
e [
2t
1 L L L L
10 20 30 40 50 60

PREETURS AR AR /(°)

B4 2a=4um, w=2pum,d==8 wm 2% 5 2L 50 5 1 X}
FEF FJ54 0

234203-2



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 23 (2013) 234203

2.3 #FzE BRI LIAEHIE R GE R E
AERT
R SE R 22 B R SO AT BUE L,
£ 2a = 10 um, JF 58 5 w = 1.0 um, i/ 30°.
R d 2.5 um 846 E] 6.5 pum, 5| Wi 5 By
INIK R L, A TE R FEF 5 & SR 2 F —
y=0.13174x% — 0.7516x + 3.9369.

BT (FEF)

2 3 4 5 6 7

M 2E AR R /pm
5 2a=10pm,w= 1.0 um, {5iff 30° FIHF2E B RLLU IR E
%} FEF [0

2.4 #zE BRI BISIAIEHIIEERE SIFEE
TEREN

2 2a =10 um, d = 4.5 um, Hi&} A BN 30° B,
B BE 0.5 um 2846 F) 2.5 um, B2 W0 6 s i
RAMER, %R B 5132 FEF 5 w iE i 2

y = —0.00138x+3.50755.
3 BESL ISR AT

3.1 fEERAKHJLAMHR A5

XoF i 2% U LU B — N RHEIT 5, 40 2
20.9° < 0 < 48.2° (n = 1.5) {H [ i 34 4 25036 2 161 A
/T 450, X B EC TH R FTELR A R N3 2] CD
M . Bl 20.9°, 45° F1 48.2° oy Bk, WF B 2L
Faxt eI s A I .

TENGF A 45° W), ik 24 B 2480 37 1) 1 i 48
s AE A B 59, IR 13738 G R - 2.686, 2T
X LFRE B BN, BRI AR 7 B,
BAR 45° 58— R 635 1R SR I BRI, g8
2 e S ] S 3 B A5, R 64k LT 2 EL

NI OB TR B, B TR R A I AN 5RO
Ty B9 AT — SESRALL RIS IR, S 9 1) B K AR
HEAE R, BT DL R AU fE 3 /).

5
~ 47
I . =
m [} - L
E-'/ u " = n
M ogl
3
B
R o
1 L L L L L
0.5 1.0 1.5 2.0 2.5
e RGBT /um

B 6 2a=10um,d=4.0 um, 5 30° KR L0 % B
%t FEF 50

Max:2.686

0.4 0.8 1.2
X107°

—1.2 -0.8—-04 O Min:—2.511

&7 AN 45°, 2a =4 um, w =2 um, d = 8 um IR 2E R

108

Z4LLI A AE 0° 3] 20.9° 2 [A]INF, A i fA 15°
A 20° APE DL RIS, ST A WKl 8 B
N XA, B — DRI A R i E
SERENBR2E TS L7 B S SRR 3738 5 (R
FREIA 3, (H 63 38 5 1 fe R H IAERLLLE |
Ji SR, B BRI R0 fa IR AN K.

T 2 QU A AE 20.9° B 45° 2 (Al 1 T,
i ff1 v 25°, 30°, 35°, 40° 11X = FhiE I, 54 5m A
T REAERGIT 5 B (H S H AR 300 1, 3748
SRR BT 208 3.573 WIRRAE, X2 i T R4
HO R S SIS KT 23 ST U, 38— AR T
S Z AN T BEHS A S B AT |, S —
AR T U g N B ) 6 2R 0 4 S B S R B N E)
Ab— M5 — R B2, JEim R Ay iE S R
SUEA R 40° I, R B T IR R <2kt R 1)
fE0L, Wik 8 Frs Bl N3 An .

234203-3



Y12 % 3R Acta Phys. Sin.

Vol. 62, No. 23 (2013) 234203

TG kiR B4R Y B T DL i
TG E AT ST S 5 B RRR RS . RS N AR 2a
FE SR ' 2 i R AR B A R, 2 2a BEBOK I
FAASFE AR, SR — R I S K e 2 A AT RE N S
#| CD 1 L, dEmA A 4 bt (524 2a ELBUN I
6, JX A A AR SR ST AR 1 i BIR 1) BE 0 B8 R M gl R
H SR, A AR O P 37 18 9 e K AL R R B 2R L
MIIER 7, B AR SRR S S 3 FCK.

X107° Max: 3.499
9 3
8
7 2
6
5 1
4
3 0
2 1
9 ~2
-2
-3 (a) -3
—4 4
-1.2-08-04 0 04 08 1.2 Min: —4.049
X107°
Max:3.761

X107°

I

—4 == = -3
—-1.2-08-04 0 04 0.8 1.2 Min:—3.22
X107°
B8 WHE2a=4um,w=2pum,d=8 um i [KFHFH 25T 5

8 (a) WiFA 15° B IR 22 TU2LE0 (b) 10F D 20° B (1 24 71
gL

PR G TE 45° B 48.2° 2 ] (1)1
T, MBELUTAA R 46° B, 35k F 7R 4.023; 4%
S 47° B, 3SR R T 4.802. X AT E L
NHE A 9 k.

T B LR 3 1 K 22 HH IILAE B A o
PR, I A2 DROA IR B N S R 2Rt 5 — AR
2 P A B N RS S, RS AR
AP, X B RS R AR K.

a, BATPHRR G KT 48.6° HIIE L, fil
F1o 50° F 55° RLUR TR M. T A2
ST O = AT S B2 AN I - S 1T 055
NBREEH, Bk % 10 28 — RS HENZESUOT L1
AR, FERGUE 5 A kAT I o,
T 637 38 580 P e RAE 5 I BREE R SLIE T S A
X PRSI S B e 5 AN K, R I 1 s R T
PR, 75 4 KA.

X107° Max: 3.573
1.6 I
A E 3
2
1
0
—1
—2
—-1.2-08-04 0 04 08 1.2 Min:—2.944
X107°
X 10~° Max:5.473
71 .
6 | 4
5
4 2
3
2
1 0
0|
—1 -2
—2
-3 —4
74 i - —— - —
—1.2-08-04 0 04 0.8 1.2  Min:-5.317
X107°
K9 W&E2a=4pm,w=2um,d=8 wm i FRH2% T

40 (a) f5if 30° MR AL TEAREL (b) 1517 40° I (KRR L B4

x107° Max: 4.023
12 e

1.0
0.8 EEEE=
0.6 s =
04
o2 &

—0.2 |
—0.4 L

0.4 0.8

—-1.2-08-04 O 1.2

X107°

Min:—3.766

X107° Max: 4.802

1.2 _
Lo : = 1M 3
0.8 [EESE S N = 24 f2
0.6 : : 1
0.4 [EEEEE 0

—0.2
—0.4

—-1.2-08-04 0 0.4 0.8 1.2
X107°

Min:—4.767

B 10 fifATE 45° Al 48.2° Z M AR RLLHIXTLE () RS
Wity 46° IR 2E T ZLLL; (b) RLBUEIA N 47° MR 2L T4 4L

BT LA, Xt 1 26 R R 4, R AU N T 20.9°
I, 3748 55 IR 1 /N, X ARG fE T AN K A

234203-4



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 23 (2013) 234203

£ 20.9° $1| 45° 2 [8], 73455 P TR K, Hotd g o
B KA A BUAE R SR T 7 B B v, fa s
VR 85K UM AE 45° I, ZREUR 37 1) I 1 1 5
YRR R/, fa 3 /by UM KT 45° /T 48.2° 1Y,
RG0S 3 B A 1 8 R A B K A KT
48.2° I, U7 ) IR i 1 9 A P Lo, (B35
5 ) e KA RAE R SR EJT IS i, e
RN

X107° Max: 4.768
1.2 ‘ 4
1.0
0.8 2
0.6
0.4 0
0.2
-2
0
0.2 | 4
—0.4 : :
-1.2-08-04 0 04 08 1.2 Min: —5.002
X107°
x107°

Max:4.006

—0.4

-1.2-0.8-04 0 0.4 0.8 1.2
X107°

Min:—3.874

B i KT 48.2° PR FPRLLLIRTLL  (a) QU N 50°
HIR 25 L0 (b) LU AN 55° AL R4

3.2 WRGHENI RIS KA

I 5 FE 6 WTLUR I, £E Ve EI A, Ab
T 5 3R R 2 BY 2L SU00 6 3 ) ) 1 i R FH 22
B 5 SR SR P 1) 38 i 38 0K, T B A SR AR FE ) 3
TR FEAAARS . IX SRR [14] H Hamza 55 A B2 56
S5 R — 3, RIS 7k I W FE A 45407 BRAE 16 T P

EEAR MR AR, XR R 5 R Ja R i I3 i g K
7l e SREUEIE K T, BUAR RSN 6
A7 % o U AR A R4 SR A, A SR SO Y SR SR
FET R it F AR, ;AN Y. A 2 R K R Ak
YERIY, REUHE— 0 e, IR AN T8 LR IZ BT 1K,
X3 B e 0 k0 M, R T, N
— B, X T ORI, SO
R AGHORB R, X AR T RE 2 BRI K 2 e 155K
LSRN PSS

BT RAY O KA, DARZH
TR ZE () 7 4 Ry 15181 Hoep CO, Wl Tk 28
31 R A TR AT A 2 4 T R
2o A B R 6 S O A K 45 07 0 G AR B L R 22 45
Kb 3 Y 2 0 A ) 1 K S N O] R SR 4 4 K
HARAT VAR KIIIREE, (B3 58 2 B A 1 K
BLG. XU, COp WL TIAL B 5 2Bk 22 53 017 18 K
A IIROR, (I AN RE 76 42T B T AR T e S04
V. 3% T SR o FR) A, AT T 390 T 42 A4 PR T R s i A
JERPRHR AR DT B, X I T UE W] 1 2800
CiALHTE RS- S- 2 I

4 % b

A FH R G B RGUR WA 20.9° F 45° 2
B I 4L, AR T 45° /N T 48.2° HILUI fEE
4 K, BRI B 45° I R E0E FE .
LA AT A 1) 24 Y SR S0 1) 9 AR AS 2 Rl K

TE— 78 YA P, Bl 5 R 2% B R SO FE I 35,
RGO 37 I T BE AR I, I 2 kT 3
KRR, (H B8 FE 3G A 215 KRGO R il 5E
3G TN, e B K R e, AR BE B LU T
1, BEURSF RIS R, TRELEUR 63 1 i 38 5 A
FH AR TE B A0, 3 T 1 G T e R B, 3 i A
K 5 e BEIG K] Ae 5 R 2 —. B, v] A
I A R MR SRR 3G

[1] Demos S G, Kozlowski M R, Staggs M C 2001 International Society
for Optics and Photonics Boulder, October 16, 2000 p277

[2] Bloembergen N 1973 Applied Optics 12 661

[3] Genin FY, Salleo A, Pistor T V 2001 JOSA A 18 2607

[4] Wang Y, Xu Q, Chai L Q, Chen N, Zhu X Q 2005 High Power Laser
and Part. Beams 17 67 (in Chinese) [ T5%, VT7%, 45328 2005 i
Je ST IR 17 67]

[S] Chai L Q, Ge D B, Xu Q 2005 Optical Technique 31 24 (in Chinese)

[SELHE, BRI, VFFT 2005 S65AH0R 31 24)

[6] Tian D B, Yuan X D, Zu X T 2008 High Power Laser and Part. Beams
319 (in Chinese) [ HI 4K, FBEZR, LN 2008 5RE0E 50 T3 20
319]

[7]1 HualR,LiL, Xiang X 2011 Acta Phys. Sin. 60 044206 (in Chinese)
[(HE42%, 2540, [FIFE 2011 PFEEAR 60 044206]

[8] LiL, Xia X, Xiao-Tao Z 2011Chin. Phys. B 20 074209

[9]1 Zhang L, Chen W, Hu L 2013 Applied Optics 52 980

234203-5



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 23 (2013) 234203

[10] Rubenchik A M, Feit M D 2002 International Society for Optics and
Photonics Boulder 2002 p79

[11] Norton M A, Hrubesh L W, Wu Z 2001 Proc. SPIE. 2001 p4347

[12] Norton M A, Carr A 'V, Carr C W 2008 International Society for Optics
and Photonics Boulder Damage Symposium XL Annual Symposium on
Optical Materials for High Power Lasers Boulder, September 22, 2008
p71321H

[13] Lawn B, Wilshaw R 1975Journal of Materials Science 10 1049

[14] Hamza A V, Siekhaus W J, Rubenchik A M Boulder Damage Inter-
national Society for Optics and Photonics Boulder, October 01, 2001
P96

[15] Hrubesh L W, Norton M A 2001 LLNL REPORT 2001 UCRL-JC-
144295 pl

[16] Yin W, Xu S Z, Zu X T 2009 Atomic Energy Science and Technology
43 860 (in Chinese) [Fff, #RtHE, 1/ 2009 JE T RERI A AR 43
860]

[17] Bass I L, Guss G M, Hackel R P 2005 Boulder Damage Sympo-
sium XXXVII: Annual Symposium on Optical Materials for High Pow-
er Lasers. International Society for Optics and Photonics Boulder,
September 19, 2005 p59910C

[18] Gallais L, Cormont P, Rullier J L 2009 Opt. Express 17 p23488

Systematic studies on the field enhancement effect of
Hertzian microcracks
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Abstract

In order to study the effect of micro-cracks on the damage growth, the different field enhancements of the Hertzian micro crack

are investigated by varying its angle, width, and depth. Simulation results show that the most harmful cracks are those with inclination

angles from 20.9° to 45°, and the cracks with an angle less than 45° and larger than 48.2° are also harmful, but the cracks with inclination

angle of 45° are the least harmful. Increasing the depth of the Hertzian cracks will lead to their field enhancement factors increasing

with a quadratic relationship. However, increasing the width does not make it essential to the increase of its field enhancement ability.

The development of micro-cracks can be approximated by increase its depth and width, so the development of cracks will lead to the

increase of its light field modulation capability, and also to its damage growth rate to accelerate, following an exponential law.

Keywords: damage growth, sub-surface defects, Hertzian crack, light field enhancement
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