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laser fluence of 0.12 J « em™? irradiation

¥ 4 38 %
Time/ps
1 2 3 4 5 6 7 8 9 10
-20
Ot
E P
£
E 20
o 4
2 40
B
% 60 R
5
~ 80
100
0 2 4 6 8 10

Transverse size X/nm

(a) Atomic configuration for Al target

Time/ps

Lengthways size Z/nm

Mentowanroa gira Jan
1

(b) Atomic configuration for Ni target

B3 Bt EFEN0.40]cm R THEME
AR A A
Fig. 3 Atomic configuration for Al and Ni target by laser
fluence of 0.40 J » cm ™ ? ablation,one snapshot

every 1 ps from 1 to 10 ps
)KL R A L A% S R (236D LR I (91D
KTPL B R RIEHEFRET 1 ps £4H CEFEAM
7] o 45 1 B P2 (2. 43 X 10°) L 19 (3. 68 X 10%)
JIN SRR B R T R T I B B AN ] L K — s
BLFIER 1 &b A% 7 B B i fb B T LR B N 1~
10 ps, &R 1 ps — PR & 3 Ca) R 1Y) fl A B8
BN TLT- S A DX ) B T F s B2 B A T 1 i 813
(b H R ) S A% AL B2 B B 3 F 2 A2 T8, JF HA
BRADL 45 S & B, 6 0 v ASE 1Y) 3R T AE AE JL A Aok R
Y A AR S A8 PR AT R S A 2 AR AR T I K T B
)2 U A i PR AR B A4 R T H I AR AR A A L X
5 SR8 i 56 45 R A — B TR T A Ak 1 A
1, T LA SR I fb VAR 25 0 O A B
3Ca) Hr, B 45 I BT ADL G 2R R ik v 45

B AR A HESATHAR R A & A I K 1 BH 1 2 i
3B A R AT S AL s BB WIS RT LAy 2 7E i
RN W T RGN 8 T AR AL Sg
15 3 ps Jo KA TIEMK IS s 7 20 1 ik 11 3L )7
A& o T8 W S B b IRF ) A% 455 48 R A Bl R L DT 51 R AH



12 39 FHOM A RS BN RO bR I B R R A B 23 T 30 1 2R 3055

AR R B AN 11~20 ps. B3 1 ps — PRI A]
A EARHE 40 nm R 724, 12 ps I BRL T4
B RE ORI R B A BT A B DR AT S DR Ok
ZIR R A A T 22 6 HIE 5 f 12 ps B Z,40 nm
TR BE IR 7 43 A1t S AR /M D8R mT A5 1 L
BHRLEN SR TTT & A= W7 24 00 B Bifi 22 J2 8 B8 19 S
F WG AR R AR — A 9k ZU R LR L O e A
DA A% 5 i g D 1 e e (LA /N B N e
A4 1) VRl 090 S 7 Hs 17 ) Ak By ) 3 TR T & AR
M. 7E 20 ps I 2R BHET 20 T2 L 05 & J2 ik
[F1] 9k B2 BE A S 38 Ak ol T AR AR /N Y 5 ] Y W T
K e, 3 B8 2 v A IR B2 T A R B e A
L IRAR IR B L PRI T )2 e 0 D DAYRORH B B
PTG AZ W 2B W72 22 18] BN R R B AR
FX 5 ICERL6-7 i A 45 R AN — B RE R
JEHSE T L i TR AR A W T R R R A
Hh2x Az W L 8 DLIE SRR PR B 8 e

Time/ps
11 13 15 17 19

20

40

Lengthways size Z/nm

100

120

Transverse size X/nm
H4 HEFEO040]-cm "FREM BN EHELE
Fig. 4 Atomic configuration for Al target at laser fluence
of 0.40 J « cm™?
11 to 20 ps

,one snapshot every 1ps from

Lengthways size Z/nm

10 15 20
Time/ps
A5 #EFE0.40] - cm " HEEMEBNE L 44

Fig. 5 (Color online) Pressure distribution at different

S
W

time at laser fluence of 0.40 J « cm ™ ?

3 4ig
) FEL 45 45 XU 19 53 F 80 93 2 84005 2 B

FT CRPHOGIK E T B RO B L 25 5 bR HL
TRES L PG B R B I 1 8 Ak A T A RHAY)
PES BRI S5 L 5 . LAl Z5 R .

D) KA K 9 T AT R e 2 T T AL SR
SO 3K 5 4 8 B ORLHE A FR I AT 4 AR AL B[R] R
s A A B R A B[] A — 2K

2) PR BR 0 L AR RS R G R ECLL R /0N BT LU
H, A () PO 30 B 6 B 4 52 B[] 5 K 5 17T 8 A P
PAL T A0 K BT DL B 3R R AR R
IR 8] A B T — 30 55 00 b A% AR B R R R
FA) I A BE OE AN B R LT B A X s [) 1 - 1
JiK AR I 1Y

TR E R B (0. 40 ]+ em™*) F AR
P H 5 1 A1 A A A 7 RLAS T R R TR A
PN 7 AR TR & A Y. A0 T TR AE B2 R R B
VBT N A ASRL T | T B PR Bfe 3R R U A
FETE SR T H BLAOK RT 18 AR 45 14
S % Tk
[1] WANG De-fei, QI Wen-zong, GUO Chun-feng. Simulation

study of thermal and mechanical effect on metal film irradiated

by ultra-fast laser pulse[ J]. Acta Photonica Sinica, 2008, 37

(11).2172-2176.

TR 0% S AR AL DR K b Ok R 4 T IR - sk

BE BB SEL) ] o6 72240, 2008,37(11) . 2172-2176.

[2] SHI Ying,ZHENG Nan, LIANG Tian,et al. Simulation study
of thermal results of Si film irradiated by sub-picosecond pulses
laser[]J]. Acta Photonica Sinica ,2008,37(1):6-10.

ORI ARG SRR Ik v IR ' e T S I A AR 1 A

PBFFELT]. 56724 . 2008.37 (1) : 6-10.

[3] KAISER A.RETHFELD B, VICANEK M. et al. Microscopic
processes in dielectrics under irradiation by subpicosecond laser
pulses[J]. Phys Rev B,2000,61:11437-11450.

[4] YANG Jian-jun. Femtosecond laser “cold” micro-machining
and its advanced application [ J]. Laser & Optoelectronics
Progress »2004,41(3) :42-57.

B FE. REPEOLERG AR CER R A (D] . B

52 kR, 2004 ,41(3) :42-57.

[5] CHENG Chang-rui, XU Xian-fan. Mechanism of decomposition
of metal during femtosecond laser ablation[J]. Phy Rev B,
2005,72(16) :165415-165430.

[6] DMOTRIYS I, ZHIGILEI L V. Combined atomistic-
continuum modeling of short-pulse laser melting and
disintegration of metal films[ J]. Phys Rev B, 2003, 68 (6):
064114,

[7] NEDIALKOV N N, IMAMOVA S E, et al. Mechanism of
ultrshort laser ablation of metals: molecular dynamics
simulation[ J]. Applied Surface Science ,2005.247(1-4) ;243
248.

[8] XIN Jian-ting. The XRD analysis metal surface ablation zone
by femtosecond laser[J]. High energy density physics,2006,
4.149-152.

e, RO X 4 TR AR AR T PR I X 9 XRD 43 AT ].

At 7 BB, 2006 ,4:149-152.



3056 T o 38 &

Influence of Thermophysical Parameters by Femtosecond Laser Ablation of
Metals : Molecular Dynamics Simulation

WANG Xin-lin', WU He',CHANG Yan-xiao® ,ZHU Wei-hua' ,CHEN Zhi-yong', LU Pei-xiang®
(1 School of Electrical Engineering ,University of South China , Hengyang, Hunan 421001, China)
(2 a. Wuhan National Laboratory for Optoelectronics; b. School of Optoelectronics Science and Engineering .
Huazhong University of Science and Technology .Wuhan 430074 ,China)

Abstract: The mechanisms of femtosecond (fs) laser ablating nickel (Ni) and aluminum (Al) are
investigated by molecular dynamics simulations combined with two-temperature model. The central
wavelength of 800 nm, pulse durations of 70 fs or 200 fs and energy fluence from 0.043 J + cm * to
0.40 J « cm % are considered in the simulation respectively. The evolutions of temperature, atomic
configuration and pressure distribution in the target materials reveal the influences of thermophysical
parameters and laser parameters on ablation process. The results show that the electronic thermo-
conductivity still has great influence on laser-metals interaction under femtosecond time-scale. Comparing
the results of fs laser ablating Ni and Al, the nonequilibrium between the electron and lattice temperature
of Al continued for a longer time as the electron-lattice coupling constant of Al is much smaller than that of
Ni. The balance time for surface and bottom electronic temperature of Al became shorter as the electronic
thermal conductivity of Al is much larger than that of Ni. Nanocrystal structures appeare on the surface of
Al film ablated with laser fluence of 0.4 J « cm™ 2.

Key words: Femtosecond laser ablation; Metal material; Thermophysical parameters; Two-temperature
model; Molecular dynamics simulation

WANG Xin-lin was born in 1970. He received his Ph. D. degree from Huazhong University
of Science and Technology in 2007. Now he is a professor at University of South China,and
his research interests focus on laser technology and femtosecond laser microprocessing and its

applications.




