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Abstract The laser damage mechanism for thin films on zinc-germanium diphosphide (ZGP) crystal is studied
experimentally and theoretically to enhance the laser induced damage threshold (LIDT). ZGP which grows at one
time is cut into 6 pieces, and is grinded and polished simultaneously. Four of the samples are coated with anti—
reflection multi—layer optical thin film and are analyzed by scanning electron microscope (SEM), it is found that
the thin film is rather smooth while some clusters still exist on some areas of the thin film. Secondary ion mass
spectrometer (SIMS) is also used to ascertain that the clusters contain platinum. Laser whose wavelength is 2 pm
and pulse width is 31 ns is used to test the thin film on ZGP according to the 1-on-1 method of ISO11254 standard
to measure the LIDT of the thin film. The results show that the average LIDT of those coated samples is 0.68 J/cm”.
The LIDT is also calculated by finite element method and the result is 3.2 J/cm®. The study shows that platinum
impurity has significant impact on the LIDT of optical thin film on ZGP and therefore decreasing the impurity density

will increase LIDT of the thin film.
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Fig.1 Reflectance of the multilayer high transmission coatings
2.1 BEHRFERMOEAEREHNER S T
M T 52 56 28 B4 A0 A AR B B o BT BOR X ZGP S AR AT o0 B o TEL 2(a) BT s O R A A R T S OB
(SEM)MLIN (5 ZGP & AR T 3, DA 2(b) T LA HH 32 M DR 2 DX Il 14 3 T J5 Bt 6, (EL 7 90 00 DXl 42
BT —LEHARAN 3 wm BY/NEE AL o X2 AT i 1820 23 B, S 86 v SR SIMS B A A T 48 Ji 1 4 Y T

0607001-2



A S
7 1 AR K T BE S (AES) B X ST 28 0 i 1% (XPS) R . H A BERa i , R 0 BE RN 1 nm, 185 1] 43
RN 1000 nm, JEF A 4500 RAE LT 107 P 2(c) B IZ S A 5 5043 20 B il 26, I n] DL I S R B T
FLFEA SR 1 P Ge Fl Zn JC K LAM iR A5 R B9 H . C Fe SiFl Zr 0 &K . — M5 HAI C LR £ 8
U5 T 253, Fe (S A Ze W) 32 B2 il & d AR Hy T JsOREAS sl 5 | A 2% 5t .

FEl 2 W AR SR S0 R M B2 2 M (a) 2500 1% SEM T WEE Y ZGP fb iR 1 515 (b) 2500475 SEM R & B ZGP fi 4
T3 DX S A7 2 /N B FLAI 5 (c) R SIMS Xt ZGP & (4 HE A7 1 43 43 BT
Fig.2 Micrograph and trace component analysis of the ZGP crystal. (a) Micrograph profile on the surface of ZGP crystal observed at
magnification of 2500 SEM; (b) some micro—holes observed on the surface of ZGP crystal at magnification of 2500x SEM;
(¢) component analysis for the ZGP crystal by using SIMS
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Fig.3 Micrograph and trace component analysis of thin films on the ZGP crystal. (a) Micrograph profile on the surface of thin films
observed at magnification of 500X SEM; (b) some clusters observed on some areas of the thin film surface at magnification

of 5000x SEM; (c¢) component analysis for thin films by using SIMS
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Fig.4 Experimental setup for the laser induced damage measurement
PO A3 B AR I 3 2 BB 1SO 11254 AR fESEAT A", SR AT A9 02 1-on— 1307 25, 7R3 R 5 2 b, A
d RS — N BOE IR R I R BB S A RS B R — A AR AR IR SRS A B 0 B, SR
ZHREE T ARAEB G ILER . Wl 2 AR T 80 L3 4 & 30 JLR S R 45 JL3E R 100% 11 e &
Mo T E L LG SR B

4 g
1.1 BSHENRER

i BEARYE 1S 11254 3838 1-on— 1 5035 B0 15 7 6 ke il 120 T K0 SO 05 B (8, e 1 9778 . 5 it
A TR 4 R TG00 (7 3490 0,68 Jem® A B BERE dh (R0 MOTC 03 0 (P-4 1.1 D,
1 Zawilski S B B b 0 78 0B 0 A B A A 450 B 0 2.0 Jem®, S B IBERE h 10 80K 35405 B0 1
1.4 em®  HE R 450 0 0 L AR B R R P AR T 22 95 v R I 0 A B 5 A4 D Sk

0607001-4



Tt Wt
(12] Fe B0, {2 B 450 107 10 {1 22 L OR TR I /NAR 22, BT LS 38 HEBR T JFE A X LIDT B 520, 156 ] 3
L JEEAE ot A5 0 1 LR 2 R o R T P S B
F 1 T-on=1HOL 7 B 01045

Table 1 1-on-1 laser induced damage threshold

Number Coating or not LIDT /(J/em?®) Number Coating or not LIDT /(J/em®)
1 Yes 0.66 7 Yes 0.70
2 Yes 0.68 8 Yes 0.72
3 Yes 0.69 9 No 1.1
4 Yes 0.61 10 No 0.9
5 Yes 0.68 11 No 1.3
6 Yes 0.69 12 No 1.1
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Fig.5 SEM image of laser induced damage for ZGP thin films
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Fig.6 Geometrical model of impurity embedded thin films
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Fig.7 Temperature at impurity sphere center under different Fig.8 Dependence of maximum impurity temperature
depths as a function of time on its radius
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Fig.9 Impurity temperature when its depth Z, is 683.5 nm, radius is 65 nm and energy density is 3.2 J/cm’.

(a) Temperature change curve at the center of impurity; (b) impurity temperature distribution at 20 ns
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