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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 um
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 BMEHRFERNBUAHEREHBERD T

AP S5 8 2 0 BOUL A R B2 23 T R X ZGP R AT 23 B o BT 2(a) BT s R R T 8 R T I BB
(SEM)WLI ) ZGP i (R 2 T2 30, MIET 2(b) T LR H 32 it A DR X3 ) 2 T I k5 e, (LA 30 20 DX ekt 42
BT — e FARZ N 3 pom B /NVER L o XIS A AT IR 20 o0 BT, S 58 R SR A SIMES B A A I T R A DT

0607001-2




mOE B ok
F 7 W AR AR TS (AES) 3k X B 2 i 5 (XPS) B R B, H e d i IR 2 W 1 nm, 18 1] 43 B¢
R 1000 nm, 5T E B0 RABUE DL T 1070 & 2(c) BINZ S AR I 18043 50 B il 2k, LR ol LB B S AR BR T
A5G K6 B AR B P Ge Al Zn TG 2 LAAD , B3GR A9 H . C \Fe Si M Zr &0 E . — S HACIuHE FE ok
I8 T 255, Fe (Si R Zr W) 32 282 il &5 db AR B el T JOBEAS 4T 5 1A 2% 5T .

10*
.103
110?
110t
100 e e e
00 40 80 120 160 200 10

Sputter time /s
B 2 W b8 5 AR SOWE 00 K SR 020 20 BT . (a) 2500 4% SEM F WLEE Y ZGP i iR K I 55 (b) 2500 1% SEM F & M ZGP ik
H 23 DX IRAT A 2 /N B9 FLAR s (o) AT SIMS X ZGP ff (A HEAT 53 53
Fig.2 Micrograph and trace component analysis of the ZGP crystal. (a) Micrograph profile on the surface of ZGP crystal observed at
magnification of 2500x SEM; (b) some micro—holes observed on the surface of ZGP crystal at magnification of 2500% 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
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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
422 PR JIAAREHGRE
TR % 5 o BRI, B AR SOG A T T B0 BT ek Kl 7 o™

0607001-5



ot

[
(t-

2
3 tO)
31 exp|- 0<i<
A()=1%2r, "e"p{ ; } ek (1)

?

0 >t

K el Pt 2 wm B B9 W AR A DG SCRR[14]RT 80, a0 =0.25 5, R 2% T2 42 5 1, R W AR ) 3R 4%, ] i ot
TR 50, R O Tk b T8 BE AR BB I AR ,=31 nis 5 20 R 840 B0 B K B WA AL A B 2], X6k T 5 0 A 10=1,/2.6

W T A 5 72 A0 ek ) T3 R X IR VA A AR 25 50 DR RS B RO E O 6 W/ K), AR R K BTV
BB A4 1 B S B0k A BB b, IR AR 0 43 P A BV R A SR A A R T B
423 HHE%R

TE COMSOL A v i B 3O6 10 58 5 2% B2 3 Jlem®, 2% 0 22 4% 7,=20 nm , BCAE 2% Jo BR 0 31 36 17 (19 1 3 7,
WG] Za T 22 0 i e U J3E T 6 s ) %) 78 Ak A, AR A0 STMLS 3 BT AT 280 76 505 )22 RN 55 DO )22 1) 700, v 2 B
T PUZRIT BT LA Z, 6078 B E S 636~676 nm H1955~1075 nm. 845 B 4018 7 Fr s , W vl LAF 7 ) —
JZ N B TR B T BE T, 2% 0T i A B0 1 S5 TR T ZE AN WU/ O ELAR R 00 TLRN R T AR U R TE A
JERk AR T L 2% B35 76 16 ns B 3T R B 35 B i =

FIH COMSOL A BRIT 73 B B A4 Xof 2% B 2 A2 M T, 109 5C R EAT A9 0 & Z,=683.5 nm (RIVEFS — 2 Wi 5 1 vp
o), PO K o AR R Q=3 J/em®, 15 B ] 8 FTR (W 44 T AR R T 06 Rt 2 18 . DB 8 1] LU Hh 24 2% i
210 nm 341 5] 60 nm W], 2% 5 #9525 18 T\ 524.9 K B3] T 1850.7 K, Al UL 5 4% J5t R ~F /Y 184 i, 24
JoT T fiE 35 I A e e i R AR HE

2k 1800+ —— ' [==—7,=10nm
ot \ —-—rq=20 nm|
800 fi | | 1600} ‘ f W’“\\ —.A.—Tq=30 nm|
—v—7r =40 nm|
<700 i o / // ! — B0
g 3 % Z1200F P waade, 760 nm
£ 600 t g | i ™ )
3 —=—7,=636 nm g1000p i
B | 7656 nm £ 500 f"rmx |
g ——Z,=676 nm e e \ \\«}
—vZ,;=955 nm 600f | \
400( —Z/=1035nm — A i O e
——Z,=1075 nm ‘ | | ]
-5 0 5 10 15 20 25 30 35 40 45 -5 0 5 10 15 20 25 30 35 40 45
Time /ns Time /ns
PR 7 AN T 8 2 A 2% B R B8 0 BF 1 Y S % ity 2k P8 4 0T dnc i YR T R AR BT A2 1 OC 2 it 2k 11
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

DR TSR R A 454 B L B R B E 2% T TR Z,=683.5 nm , AN 65 nm , SR AN BTG IEOL 19 RE
A LB A% 5 0 R R B T 1K B A 1773 CH RN A 2 SR 5 B, e 2SR AR T B R 3.2 J/em’
Pl 9 (a) I 7% g 2% B ik 4 2 2% Jo v LR I 1) £ 728 A1 i 2k 1T O (o) WO J2 4% ik 28] e g i P )t BE A1 2

Time=2e-8 Surface: Temperature (k)

2200((a) =65 nm, Z,;=683.5 nm ) az0n
2000} - -"'H'"'\.\ 2000
g 1800} "‘f ‘-\ 1800
2 1600 \ 1600

£ 1400}

& 1200} B
£1000} N
& 800 3
600l f A
400[ . | 600
-5 0 5 10 15 20 25 30 35 40 45 zgy 400

Time /ns

O 2% TR 4 683.5 nm 22 K 65 nm (Al i 2 HE M 3.2 J/em® i 2% B 06 IE 155 0 (a) 2% V10 01 6L 2 25 T 2% 5
(b) Z& UAE 20 ns I 4938 1 3 A1 25 ]
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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