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Measurement System of Flattop Laser Induced Damage Threshold to Film
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Abstract: In order to measure the laser induced damage threshold to film quickly, accurately, and
quantitatively, the measurement system of flattop laser induced damage threshold to film was designed.
The principle and method of damage threshold measurement were introduced, and the energy density
search method based on the combination of binary search and sequence search was proposed. According to
the light splitting ratio of spectroscope and indicating value of energy deteclor, the irradiation laser energy
was solved, using the CCD imaging method, the laser facula area which irradiated on the film surface was
measured precisely. Based on wavelet transformation, the film damage was identified accurately by image
processing. The coordinates of energy density and damage probability was established, and fitted by least
square method, the laser induced damage threshold was calibrated. Experiments were carried out on 45°
reflection films which were irradiated by Gauss beam and flattop beam, the measurement results show
that the damage threshold of Gauss beam irradiation was 9. 95]J/cm” and the flattop beam irradiation was
13.98 J/cm®, the damage threshold irradiation by flattop beam was 40. 5% higher than that by Gauss
beam.

Key words: Laser induced damage threshold; Film; Gauss beam; Flattop beam; Wavelet transformation;
Binary search

OCIS Codes: 140.33303;120.4640;310.6860;140. 3300

EE&TE . & WA BHE I (No. 20150204047GX) , KEFEMTRHE & B 1T (No. 2014219 FI il MA B E T "+ = 1" B 2= B AR B 5E 0 B
(No. 2015578) ¥ Bl
FE—1EE . TAFEQI7T—) B AR A FERE O B ROEH R 50K H R, Email: feeewang@163. com
BIESE 2 B3 (1982—) , 2, Ul 1 4, EZEAF 5 05 1) o2kt 5 0% 2% {0 #% . Email: liyuyaol983@163. com
Wi B 2015-09-24; KR A A H#.2015-12- 14
http . // www . photon . ac. cn

0314003-1



T

¥R

0 3|5

T LR 5 SO T 5 2 A 450 45— R o 29 98
DI i g EJ 256 e R i i B A R 9T 0 5 R T RO
T C AT R e T 8 P A A ) R R
DI X B 8 A R — A AR 2 e R S B O
15100 B0 (L A i D SR HAT AN W S A R A [ i
2 R B 2 SR AF AR RO 25 S DRI A o A
e Y RO 5 13 1 (X T F 5 v A5 s ) L B R o
e A0 03 B ML Dl 2 R LA R

FLI» [ P A0 B 4 B IE S 2R R &8
JE A o 30 23 A1 80O o e B R R T ol T POt R
B I G A X B 5 L O BE R 7 By 5 B0 R A 45
A3 A 45 1 (L BT T 97 5 ) 5840 T B/ T R IO D
R TR AR T 7 2 AT A R B R B I fE A RO 5
JE A S04+ PR H 0 A 4 458 003 R L L S B 6 1 A /0 0
o 2 KT A M R U R 9T ' o R T
P14 37 ) 240 Bk R 453 43 2/ T T AR TR i R Y
P05 RSE a3 X 45 45 TR G2 20 B AR B T e 1 B
SR A R TSRO B O B L — A R A0 Sy B0
RE B PE AT P 149 R 45 A0 B IR L 5T — BN
PR 22 R I A A5 RO BE AR L 3K — A5 RO BE I BT
ARAT IR 2 AT S PR

A H o Ik IR SR WP 328 3 10 7 XA R A TR O
FE 0 5 2 00 R 3 9 00 B B AR L T T RE
fifh b DA — R 4 25 4 3ok 39 0 L 30 SR A A BE R R (R
Ak IR IT X8 T4 45 405 TL A8 L 3 T k5 R {ELI 2
A

A5 40 W B4 IR 5 T R B A AR A S Bk A
BTN D s O Ot TR R O B B vk LS R AR DOk
A3 RIS S S5 S 4 4 3 A o AR5 B T ik B A AR
4 Jey R AR e S8 Bl o A B S 8 A0 G 92 S B v
BRI 5 A AR TR D 12 L O R+ L 2 W KB
HICERS O 388 3 0 R UG 04 D1 0 B SR e 5 e B e vk
X B PR 8T R L SRR E A A S AR YO
LRE OB N R PN A (R S =T b L )
FH 1 0 55 OR T A

bR I 3R TR e A BRI ' SRR S T A
SCHR T — R T TR0 ST S 458 17 B0 9 1 OL
A 1R (L v o g R 00 D7 3k L SR P TR0 AR AT 454
03 G S ) 9 A5 A T ARUAS O B/ RS T i
KT e 6 RO BE 3 A A8 458 0 RS B AR T 45 s
WRGE R ER.

1 HmEBERNERERTE

MERE
TR IS ) PO 47 1 A R A M A 2l A 4

1.1

i RO TR0 RE i RE L T BE R R R 7 1 BT
AL A RE L. AL . 450 0 B A 00 5 S T O A TR
LA BE B Q A FH A I S T A L BE AR S L O
e N
Q

F=3g

TR IS O 0 47 1 (L ) AR DR A 1L O
f i EOLRE R AR REMOR SR . A
3 6B A — B B ek i A g D0 R B L 5 —
2 i B OE A Wy 22 Gt . 0] 071 5 T O BE B AN BE W
AT D

@)

Focusing system

Laser Splitter Sample

Beam diagnostic

Bl #Hfif5EENERE

Fig. 1 Principle diagram of the damage threshold

measurement
WEFiE
P T 9 T 8 ' 401 40 R {1 5 v T AR B ) R
TR )RR G B AR AR R 2. TRk
FEE R 5 47 1 {30 DA JL 38 ok s o 45 KG o
IO I 00 B AR R RE L R R O 465 4 B (e
4B 52 2 SR AR SR 0 O X0 BR P R 1-on-l
Wy 3K e TR — 0% Wk o B A RO SR T - 2
AR A BN 0 B TH S R T R L
R PR B PR AR S R PRI LR 005 LR A5 OR T g
W B LR, R R E S5 9E 0% L3k
100 % B BT A #5403 JL 300 AR bk R I X 3k 28 0 147 H /s
TR PLA PR A Y 2R RE B A bR 0 38 a8 B R
FILARB 05 B AE , anE 2.

1.2

lOOA- )
[ J
S 80t .
>
= ®
= 60 | °
g
g 40 F (]
g .
8 20t
[ )
0 !
Fio Energy densigy/(J-cm ?)
K2 FLEGHEHENEGTER

Fig. 2 Fitting diagram of zero probability damage threshold
1.3 BEEFENEHXATX

I P B 3 T 110 B A R A 4R 7 U T 0 1
(B S 1) AR W I A R B AT AR X e
ANTCER F S Ee A A R CBOh 1, e 22 1 A 3R B

0314003~ 2



AR S T R 5 A5 0 1 R AR B

n BRI HERKE N (1) /2,00 Z A
HF 4 A 4R K BE Ol logon+ 1, W] UL = 43 A 48 75 XY &%
B A N A Ay

ARSCHE T Z a3k 507 A 45 A A 3RO =
AT A A R VR R B G LA AE 0% 9E 100 %6 i
X INE ) fi i % SR TE U S Al LR RE 0 Y 0
T, BRI LR 100 %, T b BE Al 0 ek
W A BB LR 006 AR an ] 3.

(Start)

N=0

ISelect initial energy density |

IBinary energy density|

~—

///////15émaée\ o
~—_probability is 0% —

~_—

R

///6arr\1£§€ ~_
~_probability is 0% —
e ~ N

~_ _—

N e
__—Damage—

— amage —— Y —
<—_probability is 100% = Binary search down

_—

N[ ———_
Y Y[ TIncrease /////D?mage\”\d\/ﬁ
“N=0energy density™ probability is 100%.
N { A “\N\ ,///
Decrease I

energy dersity
//)‘\“\
—— Damage

< probability is 0% —

~_

K3 gEXELIRE
Fig. 3 Flow chart of energy density searching

2 MESETENES

2.1 RERARK

WA HT O 00 B E D B B R A 4, ok
VA Q WL AR Hh Y SO Bk o A vk B AR BE O AR ) BE
HEAT R % A1 R B IE 1 SO BB IR O 5 B 4 A L &
BT 2 R G 5 A8 40 7 OGOt bk vp &
O RB T W OEEE A DL—F 1506 e 20 ke R
HEFN Bl 0 2 3 A o T I Ol 76 R A RO B R L O R
B OGER A BT 2 Bl R T 3R E AT R IR B 3 TR
17 sh Bl IR & B2 Bl 32 BAS [ 048 5 0 00 [ A
R it 2 T 30 o 48RS S R G 405 35 T 1% 31 CCD
FBL ALt CCD ABL A X AF 5 22 T 245 5 3 1474
P ERE R % AR LB T OB IR & 44 B K
WA I, B 53 40 4 R o R 0 2 2 A 8 ) R 40 48 0 T U
JE# CCD MIAL B 2 4i. CCD A HL B 3 I 1 37 & 5 o

P iy 2 7 B AR AL L CCD AL B REEDEHER /N A
T B4 5 0 0 A o 2 AT 199 ' B i AR AR A B R
B i 2 T 4 0O K e B - A0 D' B T BR R 2K A5 B
B il 2 THI A9 4 IR BE B L MR 0O BT AR B Y 3t
O A% B S R0 45 B4 72 B AT AT 530 i 6 8 80 ol 0 e
sty 2 AT A9 O Ik b E B8 2 T8 0 1) TR R G ok 3R A5
A [ i T R A AT LRl e R/ AL
BT A B ZARATAE it (9 SO g B .

CCD A

Optical system <@
B haper Splitter Al
eam shaper s CCDB

N7
@ Photo detector

Energy detector
Splitter B

Energy regulator Lens

Precision table

B4 FHEABLTGEENEEE
Fig. 4 Schematic of apparatus for laser induced damage

threshold measurement
Sy T A 0 S O B4 B (R R TR OE
IS R AR BT O ZEMAX BT T & T ARk m
R F DO RRE I Ol 2 R 4 Hoda AL 5 4 i OB PR /Y
S EE X THL ) TR AP S TR RO 20X BE BRI 3K
HHy 95,3300 F TR 93. 6604,
1.0

0.6 i

0.4 |

Irradiance/(W-mm 2)
T

0.2 et

oL . LN
-2.0 -1.2 -0.4 0.4 1.2 2.0

X coordinate value/mm
(a) Input beam

0.35

0.28 o= v

0.21

0.14

o

0 P : R
-35 25 -15 -05 05 1.5 2.5 35
X coordinate value/mm

(b) Output beam

Irradiance/(W-mm2)

WS SbRBEX®EHE

Fig. 5 X-cross of beam irradiance

0314003~ 3



T

¥R

2.2 #BGRIFIER

THE T b, ) L RO I8 475 2 A 0 N A5 1 1L 1Y
RUHR S5, O T S B L 405 I A £k 1 sl 0 ) B 4
T F R R B B R B R Ak B T 1% L A A /N AR
P 5 PG ) B AR S B 405 B0 v A A AL

W WOt BT Y R AE A SRR e RS R R
1&AE R R AT G S 2R B /I D 28 4 0 6 75 o R R A
I G S Ry 3 A0 o3 i FUAR T o i fE — R
X3 AN, A 1 A A BRI AT BOAE 56 AE A5, T A Ok
FBUE B 1Y F 88 A g ot ) R R R S & AR
15, A 6.

|Backgr0und imagel | Sample image |

v v v v
Approximate Detail Approximate Detail
component || component component || component

Binarization image Binarization image
Cross correlation operation

6 AR R

Fig. 6 Diagram of damage identification principle

RV, e — DR E W Z 5 BT, (o) Al ()
5390 R ROBE R BCR /N P R B W IR R 5 i (o fE R
AT AL

i)~ Ai(x)= > Cugu ()= I,i(x)+Di(a) =

4oo ~+o0
E CJ—1‘m§0,,—1.k (I)+ 2 D,,—1.m(/!,—1‘k (x)

(2

X CoRnMARRGL i(OFRRES j—1 RE L
XHE SR RL. D, i) R G S j— 1 RE LK
A0 o3 R T/ I A e 0 AR S5 e 1) [ ik S B T
X G B 23 1] g 5.

MR Vander-Lugt A7 R 31 Y Ji 38 % 45 45 P 15 3k
FrAR U By A GG R A5 5 02 T (e y) s
i

I f= Bl =[] 1

exp [—2x(f.x + f,y) Jdady (3)
A F {2 M B2 EF I (. f,H)R
IS £ 38 RPN EGR £ (. y) - HA R

E(fo SO =F{f(x:y)} £
Ze it A O as A B o i AR
Pz y)=F' {F(fos fDI" (fos )} )

A F 0 ) Rl v 0 S AT
i 2 O AR O i H 4R S 0 RE i e R (E AT A R
R 0 458 s P A5 ] 5 B A B A B T LA AR OC R 8 H

D%y f (@)
o 4 1

. (6)

23000 [ @

M OH=1 . PR 58 4 — 2 S Pheilnl b i F
DR 22 AR (A7 AR, SE PRI 5 HfE A T fE S B
AN =B AESEBR BT S 5 A — A HE R B
ZIN T 1L A A5 R A 40 7 O OR e A A A

3 SIg

W RGEREHE 7. R B KR 1064 nm 1y
Nd = YAGEOE &% - H bk vh 98 B2 2 12 ns, Jik b 35 32
10 Hz, Bk vh e B0 120 m]. 2306485 ALB 1436 1L
GESPtRe s SRR ILE T R) 43518 1 5
1= 99, YL & o LA K9 3838 8 5L K . L HIO, F1 SiO,
PE s AR S5 A9 MR BEXT 1064 nm i R
TR ZE K 7 R 457 i R ST L BE A B R
25.4 mm.

M7 FHEGECRGEAENERAR S REXE
Fig. 7 Experiment setup oflaser induced damage
threshold to film

K T-on-1 0 4 5 300 A i E A7 50 ko 5 A 3
R MR L g K b R R IR 20 A 0 DR Y
(]2 2 oo, 38 2o 458 R i TAE & 7 3% 52 B0 3 A Y
5.
3.1 BEERERNE
A G R TE 1 O OG5 Ik N e 07 4 A L B o

F1 SEHAERERVE BiE
Table 1 Measurement data of Gauss beam radiation
Energy Damage
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