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Simulation Research on the Light-Scattering Properties of the
Subsurface Damage of Optical Components
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Xi'an, Shaanxi 710032, China)

Abstract There is a serious effect directly for optical element sub-surface damage to optical performance and laser
damage threshold in the application, and the primary cause is due to light scattered by subsurface damage. Aim to K9
glass optical element, the simulation model is built. By using finite difference time domain (FDTD) method, the light
field distributions, which are the incident light modulated by subsurface micro-cracks and bubbles, are simulated, and
the scattering light intensity variation received by detector is analyzed. The results have important theoretical
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guideline to further study the measuring methods of optical components subsurface damage.

Key words optical devices; subsurface damage; finite difference time domain; light scattering

OCIS codes

1 5 7

it 2 () B 5 o REROTE B PE 24 RO R L
JEREIRFIE R B2k A5 6o R G Gl A e L J0 I 3K 1
U0 DG T 2 DG4 TT PRI L MOk 2 . 3R
T 47352 1 D1 2 G A B e R P 3R T 7 2 9
UG AR ) - B AR HAR R D2 e R R
JCHE BUOGR 17 B(EL R R R i P A7 i < 2
REFE IR o ALAFA B ST G A0 M 2 1 45 403 A 4G 0 45
ARG TR G T Y — AP R R

HT T I 2 TR 45475 F) B A x HEAG I A 3 22 I

i B HI: 2013-03-05; W R B FRBHI: 2013-05-03

120.4630; 120.5820; 240.6645; 290.5820

HME DA U 2 v 9 0 R A ROR B0 R R
Lo B A% IV 77 S5 B 28 R G ) ey R IR T A
FEJR AT G B 2 P o BCRECRT = X 3T B ¢
(9 22 A AT P 15 DL » — Bl A0 5 Ak FE 06 T A1 o —
M R0 5 A B R AN B RS A A IR . T
bt O » AT I R 5 B 0 P B R R 2 R
O 28 5 3 e A5 A3 DI o T AT R A Al
IR K RS BG4 OR R A — FP R T HOEIE
A 14 SV 3% T A5 455 I R A v R R
BT A58 03 X5 S5 01 9 B3OS 38 i 15 5 23 A o6 2 DG 1 IE.

EETH: HEARPFEE(51075322) PRV & #H T 5B H (12]S048)

fEE R : HZEF (1964
*x BEEBKE AN, Email: yueye216@163. com

)2 T H, EE A I O AL A T AT Y . E-mail: tian21964@sohu. com

IR SCHL T RRUOR £9 %% SR i 1R O AP I S 24 1P R www. opticsjournal. net

0908006-1



i &

# ot

R BRFAE R o A iy 3730 2 i 45 45 % D' Bt
TR PRy A2 R P S B ARG K JBE AR AN BRARL . B X
DU V. 3 T 453 47 P9 80 9 o ) AL i 5 0 2% T
105 PRGBS R A BT B R A A2 A R R R
e e K IR BE Y A RUE AR

FLAI 50 00 BB T RO R R R Y
DT A BRIC A AT AR XA T A I 3 1 4
13 B HCR AR UL 25 F T 50 R 2 0 IS BT S T
A e T B R R S T 1 A AR T
HEASBR B 2 0 B ROR 0 A SR T AE TS
MR BT AR S PRis s Bk AT . 9F B
T RRAEA AR L SE s A FROC R 1 22 SR iR
S B — A BRAS 35— % J7 A LR 45 7E —
(19 BT 1) 21 A A S AT A BROC SR g I o 550 R T
Yt B30 73 - AR T T3 AT LA ] S 98 A0 B 2 1
B oAb PR A B A 2% BT AT AR LA AR 52 2% 95K
fitp SRR TR Ak 2571 B iR 194 0 ) pR KR AT LR R SR
fifp BEAS SRR R AT — AR A R 22 0k
(FDTD) J&— Rl A BROC 73 #7 75 3k » 75 A e AR 2 219
Jo AT I AR R A2 3% 245 K 4 AR R 00 A B L R
FDTD. 85545 BHCE 764 BB B R Ak B 3 77
I PRI Y LA R L {7 ECRE TS OE G R M I
e TU A 2 T8 458 13 19 D FBC AR P B HE G SR A R
FS BRSPS 3
FEOBL R SF MG 2 0 1 35 181 B 35 19 0 4 L 7 SCHR
T e B BRI F 52 D' 2 T A S 2 T4 45 A

E
Yy
E,
Q.WVLF”
1 5 E EZ
iE e
s Y R e
E}....... T o o
B/ i
) i
. y x
(4]
@

x

FRAE + A 2 S 3t P A IV 3% T8 00 09 RO R
BE— S HAG I I IEAR B 15 5

2 A IO AR U A R TR A At

AR SCHEFE T 3 F 304 2 AT I 2 R W
AT 58 495 A RIS R . A T ) R s A R R
SR BY RAT SR B AR - T O U A AR i
FLEN A B 5 L Fo Aok 3 AR £ Y 4 B
PRI 400 25 422 A 38 14 Y615 5 AUAN S ke B R T e 7
R 8o SRR A e A T Ol 2% T 1 7 2 T P
SRS RLARAR R g B 05 B . A R AR T )
T Sl W I RE S 50 B % 52 B0 RE R W) 2 TR
i s I 5 A5 BV W AR B AG  E AT AR
2.1 FDTID ERFEEIJL(A-BEEE

R T M o 2 T % T A %5 1 0 2 B )
LR FDTD /Y05 k. 1% 07 i3l 1o W0 4% 25 R RE %
XA B TL AT 235 4 R0 AT 7 b b 4 o 1) 2 v S 2R A T
BE A R AT AT TR R B ) L A L R
£ FDTD M%) 43 15 o A 22 5 7 45 (Maxwell) g B
Oy AR A 2 ()R fR) X e E R H 4y i
SR BRUAE A R B R RE— A E(E HD 34y 52 ]
AWMA HSE E) Yoy it 058, B mAg bt & 7
R M A E B . XA RE I U5 R AN Yee
JUHE . BY Yee JT ML a2 i 37 #1137 28 B3R S8 1) — Fb
Wik 25 4, 1 FDTD &5 A% K v 3 1
R Z AL R,

magnetic cell (b)

Bl 1 FDTD et FAg R W@ E R, (2) Yee UM (b) MBS NALE KGR

Fig. 1 FDTD discrete grid and its connection with electro-magnetic field position. (a) Yee cellular;

(b) connection with electro-magnetic field position

R — A A B B . R s 45 7 AR Y
e B2 J5 P2 R Ry

__  JH _
AXE=—p"
SE , (D
AXH:*Eﬁ*]

b T WREREREJ NI . RRUT R
e TR A HHE B T FDTD 805 st ol A
g xR S A A EAER TS Ai . FIA
Yee W% BHO B0 (D) R EFT 0 2849y . HLIATE
25 [B) AN [A]_E %) FDTD (3% 2 3 2 A =000 F s

0908006-2



3 5

S TOAT MG 2 T 45 4 O B 0 BT 5T

Eﬁ%i+%qﬁky:1—30+lﬂuhMAg

At

Ef;.(i+%,j,k>+

1

cGE1/2, 70 146G+ 1/2. .00/ [2eG+1/2.5.0)]

+

[HZ*l”Z(i+1/2,j+1/2,/e) — H!"V G H4-1/2,5—1/2,k)

H" G +1/2.5.k—1/2) —HY' (G4 1/24j .k +1/2)

Ay

S e

ik BN R Sy 2 AL BRI
23 (0] 43 i AR, B AL Al ¢ BN n(n = 1,2,3,
) o FoR T E N 2) KT AL B RS AT 8
I AR A 12 A A T — B 2] R 3 s ) . 47
IR ta = to = nAt B 225 [0 55 20 19 E {8, D) AT 328 4
138 1 = ta +AL/2 B 20728 (8] & S0 HAE L W HL, AT
ATt = 0 + AL/ 2 B 20 %5 8] 45 Ak E O AE 98
Ja th EMERIERG S 1, = teo + At/2 B 2025 6] 45 551
H {H ., I § 342, P45 5] FDTD 78 i) 38 i 28 X
e B RO 4

XFF T YEIEOL S R B PR A << T/12 58
AN cAr<<o/V2 Mg S8 o <a/10 1, A
RELRIE T FDTD 3R M st . o ¢ B A,
A KIS R T by H B A 25 R AR 4G S A
Sy BsF (8] 6] B, & Ay 2 [ () B
2.2 NERBHEL

W 3R J2 53 3 1) HBCSRT [l R 2 R A PR R/
F18) STV 5 T DX 358 55 2550 401 TG PR A DX 3 1 0 5 o e, AR
SR W i R S FDTD 3158 X 8. B R
FDTD 5395 & 80 09 i B 4500 £ 2 A Mur Ik
TR B QMR W00 45 A R RSG5 A N 58 4
DL (PML) i1 A 5 fF . 58 B VL2 i A4k 1k 3
AN AN B I BT 5 AH 98 A 5T I8¢ BH Bt 58 42 DR IC . AR
WA 0 B I b 2 5 4y PRI i N PML 2, 2
U » 58 38 VC it )2 20 S m] A TG 2 559 1 W MAC HL i 18 & 76 A
SR FRAR R By WS BB R AR B A o HL X 8 i T R A
BT Mur BRI A B IR R W30 B 2% 1 R R
W SC3T 55 A R AN BB A 52 4 PR B R 5 1 5 el R O
AERCRF PML B & RT3, & 3 HaE Ty
B Fk PML 2, i B4 B P DX 8 B S A S
WS 18 't U8 150 ST DX 3 ke 00 1 28 780 Oy i B B0
S

FIH FDTD J5 i 0 5% 0 2 18 4658 4 #05 1n) &, 1
BN W AR TG SRR, A5 Aot R
B ) e D AR T R s m A L K
0. 405 pm, W3R )2 X IO 2 70 1 18 PR T 1)

120 g, BEJE A B 32 2200 S — AR RE (SiO,) L T
2B B B R A ORI A . TR 2 Ry T 4
R TET &, 18] 3 o0 Beps 2 AL RN R 43 Xk, o = A B
afy ARG XA, 2R R B A 2% H2 B M5 5 1 X
S TE DT N S B g 0 I 2 T X GE R K
120 g, 1 A8 A5 26 7 WV 2 180 R B 90 A A 8 7 AF 5
OB RPN\

e— 120 —

microcrack

optical
system

S
=3 2

— s

~ -~

optical surface =

P2 ) i R 2

Fig. 2 Measurement schematic diagram

120 | :

optical surface
100 |
sof B 3

damage defects

60 80 100 120
X /pm

0 20 40

&3 i i 2 T R ALy X3
Fig. 3 Defect type and the integral region
X BB XA A R S XV X . R
B I A 3 X P H R 3 T LA S A B 3 R
Stz w0, R
E=E +E.
H=H+H'
X AR A s SR A S S A . B

3

0908006-3



H |

A ERETRAERY X B i EUN B A G
A5 RS 04 AR A 3 A BT S 10 3 A

3 AU S
T RIE G T A 5 | R B BOG B 2 A R
) AL T OB AE B A 8] AL R 00 . RIX
R A B R 3
EGr,t) = E,/r X exp[jlkor —wt) |, D
K ko = 2nf/c By IRME - FBRIETP AR 5 0 B
T AR f OB g A
R 't 27 0 1 V. 2 T 58 0 1 TR AR 5 4 b o
5 B ST HARAE AL, 32 I8 FDTD 9 223K DL E 19
23 )25 A H AR HE AT A% &1 23 NI A5 20 5 A H bs
ST LA R b (5 B0 1o A 8 w08 S . & 4
oy s T H AR IS R R A

(a) mesh before (b) mesh after

B4 bR P B

Fig.4 Target internal defect

FER A FDTD J5 3% 43 #r 1) B3 i faly 52 45 g
BT A RGN —FHL ] S U R LR — A
R IR T oA R 0 A7 e X A BB
FICSR 80 R0 LA A 5 T ) A e RO T A —
TE A BE 2 IRF 6 o0 R W 2 T A R — s W R
B 4 K5 ) S B A A B0 2 BT 3R
T CRED .

AR 158 SCHR I8 .2 T 458475 TR BE 38 FELAE 20 ~
60 pm Z [H], 58 BV [ FE 0~ 8 pm Z [A] A &
SCHE TR A Y R T ROE 5 R BT
I 28 G X o A . 2 v A 0 AT A P A 1Y
BRFE TR BETE I 7E 0~100 pm Z ], [H k. 7647 L5
6 AR B P R SO I LT AR R T IR D 0~
60 pm Z[A], THLERFE K EAE 20~30 pm Z (8] R
UM 5E EJE IR AE 0~5 pm Z[A], SEHHE
PR ST 22 LB RO LA i Ao 52 6 245 2R 1
HATE L R 5 T H AR P

B 5 Ca) 25 Y T AN A7 A5 5l 5 2 2R 380Dl D5 A
(60, 60) 3 — I 2 1 6 35 0 A 75 B 1 . 250 2 il
HARE 3 R mReRar 1 80l 2 Ha R bish
(40, 60) i HUR 0 A 0 351 W 5 (b)Y A Ce) firzs o A
D5 BRI AT LUA 24 T A SRR i HOt
Oy A TR AR . R O R SR AR B G R B
G LT AR DA (XA B L 5 1 5 L X

120 — 120 -
100 100 -
80 80 -
g g L
< 60 < 60F
B > L
40 40t
20 20t
0 0t
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
X /um 2 /pm X /pm
(a) perfect state (b) only the microcrack (c) only a bubble
120 120
100 100
80 80
g g
= 60 3 60
> >
40 40
20 20
0 0 ——
0 20 40 60 80 100 120 0 20 40 60 80 100 120
2 /pm 2 /pm
(d) two adjacent defects (e) two adjacent defects

(parallel to the surface of distribution)

(perpendicular to the surface of distribution)

B S StefIn v aB Ui 4 ' B o A

Fig. 5 Optical parts internal injury scattering distributions

0908006-4



3 5

S TOAT MG 2 T 45 4 O B 0 BT 5T

T 45 5 5 BRAS 4 W 25 R 2 — 30U .

R T AL AT 2 BT s I 2R G R B 1
55 W A, RSB T . Y58 E L&
(NA) 0. 65, ZRIM 56 i R AL 5] o a5, W5 SCER I
FRAEWOE L o = MY oy X H N F G T
T3 BV RT SR A5 40 25 #2050 20 1 BIS sm R /R,
K] 6 Xt i [ 5 (h) R 5 o) iy B 45 405 Bk I 14 45 2L
DL R, (R o T R 1 7 1) R B
WITREE R 60 pm S LH 30~60 pm, HIRR LA
W TEEVE BB AR 5 pm. SR SN T 1M
FIE G LARI RS pom A% 2y B 4000 25 45 21 19 B9
SRAFACINEE 6 Ca ) PR o 24 2 SORT A 1] TR
U 4 A AE /N R 25 pm FI 5 ~25 pm, BEE G BN
0~3 pm, B S HAUR J7 0] D 3K T8 JT 4 DA [ B
2 B 2 I R I 25 45 20 % O b 9 AR £k ] an & 6
(DR . I 6 7T LLE M o BEE 458405 K/ FIT A 1)

W —E AR . 0 T A SRS 5 AR
103 2 AR S 5 BEAR /D IR I O e il e 2 ad
S5t B ELAR M AL B T o ZOEBE IR — 2 R
JEE CHR M o 07 3. 3 J2 A TR 5 1ol 1) 4R DN IR ) » 2R #8208
PEAE FH 2 458 007 5 10 B RO £ 5 9 52 00 0t 5 1 SR AEOE
P55 458 03 5 i A T AR e O IR RS Ol B i L AN A 6
()38 pm FE 6(b)18 pm kb, 45 £ 6B & T 4
PII (60 pom A1 25 ) BURAE ST e . ) B 2 2R
FEOGTE 5 I S T A 14 T R e ORI B e i L
B 6(a)42 pm FIE 6(b)11 pm b, FifiJ5 72 W/ .
HEREOCHREAN BT R BUN & . W 6 ikl
LAt AR AR GEIN D 114 5 A D' B R 451 475 2 1 4% fk
IR DI 155 B 5 o T 2 0 A B0 453 103 P 8 5 A o7
MO OEAE 5 Bk . 7380 G BUR 15 5 195 B2 5
IR 5o B LA £ R U 5 5 48 Bt 4 45 B
IR o AR LI 15 003 4 057 B 1 EL ik mT LAY B4
AR

[=2]

< (b)

S .

< 5[ N

fy

172}

g 4t .

| -

IS e

® 3k —=—microcrack

Eb ——bubble

E, . . . | |
0 5 10 15 20 25

Displacement distance /um

6 BN a4 5 5 0 A

A8 DL R B A AL B AN [ R0 3] 1Y Ol ik BE 2 4%
~75 @
— a
:: gag /\\
5 6.0 /
S 55} .
ks
§ 50r — microcrack
éo 4.5 ——bubble
[=1
4910 20 30 40 50 60 70
Displacement distance /um
Fig. 6 Signal intensit
:I: N
4 7 e

455 WO L IR AR A i R R L AR — E KU
fBCBE R At L S 57 T O 2 ST A S 2 TR A7 1) 7
MR . SR FDTD 53k 45 & 0 5P 0 5
LT AR SEBEAE A R 3% 1 458 17 28 AL B S~ U AR
R HOR D67 73 A1 FF AL, T )2 A I 5 A v
BB R SRRl 2. P 1A R AT LUIE
eI o A T R AL A i 2 T OB T
BTG5 19 ROSE AL S AR R A BOE S AR
2R 55 19 7 5 AR . TR Xk — 2P 58
5 V. 2 1T 5 3 G Oy vk A Y B 4R AR

5

=z

1 Chen Can. Theoretical and Experimental Research on the
Measurement of Subsurface Damage During the Grinding of
Typical Optical Materials[ D]. Xi'an; Xi'an Jiaotong University,

2010. 19—25.

y map received by detector

B AL. B2 bRk BE I 0 0 2 T 5 A Iy vk 5 S 56 0F
FID]. W% PHE3GARY . 2010, 19—25.

2 Li Gailing. Optical Materials Grinding Subsurface Damage
Measurement Theory and Experiment Investigation [ D ].
Changsha: National Defense Science and Technology University,
2006, 18—23.

YR G ERORHE ] 2R 4 I R B8 S S8 I 5
[D]. K¥: EBiFFHAR K, 2006, 18—23.

3 Yan Nan. Study of Parallel FDTD Algorithm and EM Scattering
in Layered Half Space[D]. Xi'an: Xidian University, 2008. 20—
29.

Z . FDTD 347550k R 2R 24 =5 (8] B R 58 [ D], 14 % .
P22 T RHE K2, 2008, 20—29.

4 Chen Chen, Yang Yongying, Wang Daodang, et al.. Analysis of
point diffraction wavefront error based on finite difference time
domain nethod[J]. Chinese J Lasers, 2011, 38(9): 0908003.

B B, @, TEM, & LT BR 25 2 O B ST it
WeRTRZ L] HEBOE. 2011, 38(9): 0908003,

5 K S Yee, ] S Chen. The finite-difference time-domain (FDTD)
and finite-volume time-domain ( FVTD) method in solving
Maxwell's equations [ J]. IEEE Trans Microwave Theory and
Technol, 1997, 45(3): 354—363.

6 Ge Debiao, Yan Yubo. Electromagnetic Wave Finite Difference

0908006-5



H |

# ot

Time Domain Method[ M]. Xi'an: Xidian Science University
Press, 2005. 153—155.

B, E RN mR A RS M W T
BB K 2 AL . 2005, 153—155.

7 Wang Chunhui. Optical Surface and Surface Damage Detection
Technology Research [ D]. Xi' an:
University, 2008. 22—26.

FHE. OLFRMERMBGREM AR LD, . /LT
kK2, 2008, 22— 26.
8 Li Yingle, Li Jin, Wang Mingjun, et al.. Investigation of

Xi'" an Technological

scattering for a uniformly anisotropic dielectric sphere[J]. Acta
Optica Sinica, 2012, 32(4): 0429002.

BRAR, A BE, WA, S 50K w5k TR BN 04 % T
WrgEl]]. S22, 2012, 32(4): 0429002,

9 H W Jensen. S. Marschner, M Levoy, e al.. A practical model
for subsurface light transport[ C]. Proceeding of the 28th Annual
Conference on Computer Graphics and Interaetive Techniqunes.
ACM, 2001, 511—518.

10 Dang  Juanjuan.

Surface and Surface Damage

-1
Xi' an

Optical
Representation Technology Research [ DJ. Xi' an:
Technological University, 2009. 27— 30.

TR, bR IE W AR B RAE AR P [D]. W, P54 L
K2, 2009, 27—30.

11 T I Suratwala, P E Miller, J D Bude, et al.. HF-based etching
processes for improving laser damage resistance of fused silica
optical surfaces[J]. ] Am Ceram Soc, 2010, 94(2); 416 —428.

12 K Yee. Numerical solution of initial boundary value problems
involving Maxwell equations in isotropic media[ J]. IEEE Trans

Antennas Propagat, 1966, 14(3). 302—307.

13 Xue Xiaochun, Wang Xuehua. Radar cross sections of airplane
wings in the 2D FDTD method [ J]. Chinese Journal of
Computational Physics, 2005, 22(1): 65—69.

BEE A, A, Ym0 IR 25 4 i T S AL T 3 WO A e
(JJ. #58, 2005, 22(1): 65—69.

14 Chen Ji. Confocal Microscopic Images of 3D Visualization and
Analysis System Based on[ D]. Hangzhou: Zhejiang University,
2004. 32—38.

B gk, JLRE BB =4 AL S 0 REMBTRELD]. bt
M. WYL R2E, 2004, 32—38.

15 Zeng Hao. The Application of the Finite Difference Time Domain
Method and Its Parallelization in EM Scattering from the Rough
Surface with/without Target [D]. Xi' an; Xidian University,
2010. 34—38.

B . FDTD K HI047 8 ik AE MRS T A0 H bR & A A % 80
R FELD]. PH% . PE% i FR-EKR, 2010, 34—38.

16 Jianmei Zhang. Laser Scattering Techniques for Subsurface
Damage Measurements: System Development, Experimental
Investigation, and Theoretical Analysis [ D]. Kansas: Kansas
State University Manhattan, 2006. 64—69.

17 Su Qianqgian, Zhang Guowen, Tao Hua, et al.. Effect of the
amplitude modulated defects on the intensity distribution and the
angular spectrum of a gaussian beam[J]. Chinese ] Lasers, 2011,
38(s1): s102004.

AR TRESC, W A, SR R R B X i O
JeER M A AR L], P EBEOE. 2011, 38(s1): 5102004,

RERE AT

0908006-6



