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Analysis of Damage Threshold of MgO-Doped LiNbO; Crystals
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Abstract The theoretical model of the interaction between femtosecond lasers and crystal materials is established,
in which the effects of electron excitation, carrier absorption and other ionizing process are coupled into the
classical double—temperature model. The variations of the electron and lattice temperature with the pulse duration
and fluence of femtosecond lasers in MgO : LiNbO; crystals with different doping concentration are numerically
simulated by the finite—difference method. Furthermore, the variation of damage threshold with the femtosecond
pulse width and influence in different doping concentration MgO : LiNbO; crystals, as well as the influence of doping
concentration on damage threshold are analyzed quantitatively. Results show that, in appropriate doping range, with
relatively higher MgO—-doped concentration, the carrier mobility of MgO : LiNbO; crystals increases, and the damage
threshold of the crystals becomes higher. Consequently, the resist damage capability of LiNbO; crystal may be raised
by appropriate MgO doping in practical applications.
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Fig.2 Evolution of election and lattice temperature of Mg0(0.5%): LiNbO; crystals with time for different pulse durations

MNP 207 LU M F 70 A L I (1) A T Sk 38 e g IR EE SR K R A% 0 45 A% (R BT RS
TR AL T AR S o FE 2D o B 18T 2 AT R, TRAR O A9 ko 0 BRI 1 3k B BT A 2SI Y
U B o e TT L, 2 45 E R B T K AMO AR T LiINDOs R MR I 18 IO 4 Jik i 98 JBE 9 AR O AT
LA b %8 & 1A 368 JAS AT 345405

347 T AEASHEOGRE = % AR E (0.297 Jem®) W1 BL T, AN [A] 45 2% BE IR 43 B0 MgO : LiNbOs i 4 v,
T AR I B AP IR I oA TR B K b SR AR AR o IR 3 ETL, RV 4B 2% R R BOR ], MgO-
LiNbOs it 7 #9 b A% il B8 247 [ bk e 5 38 A4 15 i 7t v o O HL, 7R BK SEAH [ A 15 &0 T, 48 MgO B9 LiNb O, & 4 Y
s AR Uk 2 28 C IR T 40 LiNb O i 145 14 it A% JRLE L HL B ok e 5

1116003-4



DI S R

8000 M g0(0%): LiNbO,
5000, MEO(0.5%): LINbO,

£4000

5

23000

g

g

2 2000

31000

900 200 300 400 500 600 700 800 900 1000
Pulse width /fs

P 3 AR [R5 4% FE 4R 43 B Mg = LiNbOs it 1A 19 (5 A% 138 LSS0 Ik 5 19 728 Al e 3
Fig.3 Evolution of lattice temperature of MgO : LINbOj crystals with different pulse durations of laser for different doping concentrations
JERG R, 48 7% BE R 43 B0B 5 19 LiNb O it A4 14 i 4 T 3 A W S IR TR 48 2% B8 JR 43 300 LiNDOs i 44 11 i A% Ui
BE o B UL AT UL, 2 RO K 8 AE R B #E LINDOs & 7R th 48 A MgO 23 5% i - 25 B 1) A A% I 3, LB A MgO
P4 JEE JR 43 B8, A R A AR I B BRAIG o R R AR < BB 4B TR R R A1 BT i, MgO  LiND O i 44 2800 - 1 i
BRI K B2 A ph s [R) B K, R — AN 2837 1 6 R 208 PR K Al 48 =2 () 5 B 1 SF- A sk (D 8 K1Y TRAMEOE AR
A K T o S (] P, 80 22 [ 9 il 8 O BRe 2D  F A 3 4 R 1 RE LB 2 R R DN B LA
s 35 B 5 A7 A 5 RS T T R o
4.3 REEFEMNHETFMEIZEE S HHNFI

] 4 26 A SHEOE K v 58 BE AR R A9 15 B0 F (100 fs) , B8 5 %5 BE 43 511 0.3 .0.4 .05 J/em’ B, Mg0(0.5%): LiNbO;
s A T R R ek R S [R] Y 38 3 A

F P 4 AT T, 22 R R 3 3 BRI AR TR R E A S IO e A R RS g R b SO I iR
S Ik S AR TR BE A S O i i 8 R R R R A ) P IR R R 2, AR A H AR AR A Y RE R £
PRI T 5 3] - 47 ERF ot 4 ek B8 A0 0y o g e T DL, X T 45 2 K T 1 TRAR IO AR T T LiND O b A4 I, 3 G
A 5 2 B 0 A SO T DA A o A s B3 A

K5 25 T A8 AHBOE K SE S 100 fs B, AN [/ 48 22 B2 R 43 40 MgO = LiNbOs & 448 1) L L 0 A% L B2 35 31 4
YA AR I AR IR R B A SO R 1 B S R

10%: 10000
— fluence F=0.3 J/cm? 9000 — MgO(0%): LiNbO,
== fluence F=0.4 J/cm? ——MgO0(0.5%): LiNbO,
-+ fluence F=0.5 J/cm? % 80007 .... MgO(6%): LiNbO,
152 2 7000f
E election temperature § 6000}
g &'5000}
) 3
& = 4000}
Q
& E 30007
3 2000¢
lattice temperature 1000}
e T T
0 2 4 6 8 10 12 14 16 18 20 0.20 025 030 035 040 045 0.50
Time /(ps) Fluence /(J/cm?)
P 4 AT Bl k5 BE A KRR IOR AR T T Mg0(0.5%) : LiNbO, 5 N[l 45 2% FE IR 43 AU MgO = LiNb O i 1A it 6 i B
s PR IR L <17t A% T I i) ) 72 £k WA O e 2 B 1Y A Ak
Fig.4 Evolution of election and lattice temperature of MgO Fig.5 Evolution of lattice temperature of MgO : LiINbOj; crystals
(0.5%): LiNbO; crystals with time for different laser fluences with laser fluence for different doping concentrations

H1 S AL B S SOL RE R S B3N, A [ 42 2% BE IR 23 K MgO = LiNb O, iy A F) 4% 3l S5 34 122 BA
BT BRI, 45 MgO B LiNbO i VA% F) fit A% ik B2 B H: 1= T B2 249328 /N T 40 LiND O 1A% 1) it A% 3l B2 B G 1
T, B O RE B R AR, A 2R B0 W o el e R UL, 23O K S AR R I 0k B0 A R Y
UL (A J5) , 8 A MigO JBE IR 73 B0 1 2 9 LiND O ity 1A T 75 2 1 Y0 AR 7 B2 iy , L4023 R 0 o AR X

1116003-5



I - R !

g, A3 AT LR R R 7E LINDOs i 48 A MgO 11958 R 43 508 3000 38 8% 8 K, 80070 76 AH <08 1 1K il
O NSRS ik 151 SO S =" R 1 Ve 3 (I Y % o} QUIE RS 2 | TN A A W N T B2 /5 8 - )
MgO : LiNbOs i (4 1 (14 A% il B2 F o 2 R[] 3 B2 (A s i), X 748 2% JBE IR 43 5085 1 MgO : LiNb O, fi 4, A
T o A = O Y RE R R [T PR 7 AR R ) P W A B 22 A O R A, DA T A R B KRG R A R T Ak
AT RE LG K
14 BGHAESKENXR

h T HE— R 5 RO S B0 LINDO, SR BT 405 B8 J1 i S2 L 18 6 45 T A A BT O b K R
800 nm KFPIEIEAEH T , AS R 48 42 BE IR 430K MgO : LiNbO- &b 44 At 351 473 139 18 I i85 ' Jok o i A8 K -

0.70

-5 — MgO(0%): LiNbO,
e, -+~ Mg0(0.5%): LiNbO,
Néo.ao\ - - - MgO(6%): LiNbO,
5055~

<050t

=

045 T e

20400 T e
L0385 T

)

50.30

020
100 200 300 400 500 600 700 800 900 1000

Pulse width /fs
Bl 6 7145 44 FE /R 43510 MgO < LiNbO 5 1A 45 473 1 (15 B ok 5 F1 725

Fig.6 Variations of damage thresholds of MgO : LiINbO; crystals with different pulse durations of laser for different doping concentrations
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