$04% 531 w5 M i Vol.24. No.3
2004 4 5 A EXPLOSION AND SHOCK WAVES May. 2004

L E S . 1001-1455 (2004)03-0207-05

RO IR0 T30 J7 2 KUt A,

R, BUOCE, X
(ol A 5 O A B S DU )11 448 B 621900)

T, RA KRS T30 115 07350 KR BORR B & B 484 R 1 R g 47 7 B el . R 73
SOTRA T DB R BR S MR R TR A A R, v R T i — R AR W 2 AL R B KT
AT DA RIS RS . BUE BN 45 R W 437 3 71 2 05 VR T DL T RSO G A R TR RS R AR A

KRB [R5 Bk T R T RO AR

HE S, 0347.5 E A= RHRAS . 130°1555 SCHRbR B, A

1 5 F

AR, BRI O CBOR R E, 3 BB ROL S MR A W 7E. W EOLEE
MR SRR — N+ BB R, B0 K S5 8 1 AR AL AT i B 77 AR AR
JE RS EZ T . Ny T MBS TR R RD O e fE HEA R AR PR AR 5 1) B AT SR R AT 7T, L.
A Falkovsky 51 FET-3/R 262 05 FE A S K HKhL s HE 7 R 8GR T — b il P JEBEAL. ) K. Chen
SE SR T XU IR AR . AR RS R (SRR B, T K. Chen 25U CHR T R HR AR ABLAY, X LA
LR AR AR O e B AR M R i 7 R E I fa . R, A A% S8 RS0 5 0 A U7
XX T REREAT BUE A A8 21— 28 H R A LR Y ) i, 3 R AR R R MR S HOR I IS TR
HITR . 53 o, [R5 A2 SO AR Il AH 8 1 2R AR e 1V i

SESS R 22 W TR, 07 8 1507 — MR T St S B . e s X AR
BN JET B 32 T HEAT o0, W] DABRBR A S 7 R, 38 Gt vH 49 2R SRR AR S B TH ST, e T
ELA BB R R

A SRR 5318 352 0550 WA O S AR AR AR AR A I AR RE AT BOE AL, X R EOE iR
Ja, BOLREETIRUR 51 AN IS A4 RER T B SR AL A KA RE I B 35 84T 1 5, R 2 7 3)
T2 7 3R WA RO R I B A R RE AT BB IR R AR

2 WyHEfEA

S KF O R 4B AR LY 12 4505 o FEREAT T BRI, BOBRE RN 150m), 7E B2 N Cdmm
I YCBETE B P P20 A . T AR B B A O 7 B AR R A R A TS R AR A, BT 2 B
SRS ) AN 25 A A PR AR, AR DRI SRR 608 12, 15nm X 12, 15nm X 81nm A K J7 44, L4035 774000 M5
JRT il 1 Fos. £ v, y J7 18 B BUR BAVE D BS54, OGN T M Hs 2 o5 ), WOBYE T EDN B Bk
FroAT, MR 2 Jl (%) ) — o 11 A 8] 2 20 55 S, R RS T 79 J2 i1 [, DAL 5 A P B 25 4

THE OB K 800nm, WOGIIKFE 50fs, WO kb B Bl I 18] P vy 157 70 A1, SOGRE BN 150m) . ¥
JRE RN AL E5 A R T, 25 A4 BE X UK K A 800nm YOG 1 S 5 R BBy 0. 8814, B4R A4 R ke 1
12 % (B RE B T A5 A 6T 800nm I8 K (7 B RO MACTR FBE SR 10nm !, 75 WROAC IR B PN s 2 I B A ) 2 T

« IR H . 2003-06-12; &[5 H ¥, 2003-12-23
BT, FHEE A975— ), &, i+,



208 oS Ve 5 T hin 04 3%

E@E‘E%TE%&%M’ i)'.—'L */E{EE (a) Side view from ¥ direction (b)) Obliue view of the simulation box

BT LR R T SR 1 B e % o[- -

BT L R BT BRI

ELICE

LLIX

B 4 R O T T 2 R
ﬁév iXxEé KT *ﬁ it Tt ﬁ EP ﬂi%fg Fig. 1 Schematic illustration of simulation model

Wothe BN R T IRBIRERIHL
fifl, FLECRHBOE BE B Oy SEMRL P 10 SR 7 A Sl BER SEBLBOE N i, BRPTRE )R 7 LI Re e i A4
NZIRTHIEh . BB EITHED KON s, WO THE IT 6 2006s J&, it H R Ry 20ps.

SR B T ELAE PR A T T RN 3 (BAMD, AR 1

U= 20F e+ 5 2 4Gy 1
A pi:gifi(rij ;ﬁgﬂ @)
ﬂﬂ—P%?%zfl 3)
Mm—%h+#i1eﬂﬁﬂ @)

F (0 —Ecllg"‘ln pﬁl I Ipﬁl §+
ﬁé@ﬁmmruﬁmsﬁgmﬂlﬂ%z 5)

m=

U RN SRR, CREMEEEFMESE MNETHETEE, f2EINE MEFHhOEEEE
MNEFET DB ERE rp &8 DNEFE) NETFZ MR, FOORKE | MNEFImANEERN
CHIHET R, OREE I NEFE NMEFEFLHE, 51=12.0, 5,=6.0, s3=24.0. F (6O
RN R E. XL E R AR 2 B Johnson HR A SR T 7041 AR 2N . AXF W EASES N E.=3.
39, ¢4=0.1318, ry=2.8638, a=4.60, B=7.10, Y="7.34759, 3=7.35, co=0.64085, ¢c;=—6.83764, c,=
26.75616, c3=—47.16495, c4=36.18925, cs= —8.60834. XLt ¥ il it 78 Z IR I, XH4E B Jy 2k
e (0L T 45 3 (0 4 Rk, 7T LAY IR 52 8 B« A 3 802 r o B0 TRUS [ BRFETY B RS FIFAAS feo A
1) 3L

iR~ BT 3 55 BT 0 P s FEE s ] PR A 22 o BT 4 33 /R 24 2 43 AT o B L E B, B () W 46 iR R A
300K. 5 A St TR A3 2 SR langevin i 2 7 FELT

dzxi(t) dxi
m; — dt2 :Fi{xi(t)}*yi mi+Ri(t) 6)

{3 R 5 TSR 300K USRS58, 7, BT S5 fr B AN 1) JE 36, 4 1S B0 10715, Rk T
HELI T HORFAESR 3% 0%

3 BERULS

3.1 MBI ke kS

Bt e B TURIN [ A R AR I, AERLTTH S P AN G

Hi P 2 W], FEROCIE S5 3R 4. Tps J&, MPRERTE 1 e 4540 D 2808, IF H 2 s GRIE 74T
FEACIRZS, RIS RS IAEA PP HOIRE), B0 T 7 Ak K, MORLER T 2 R A2 7™ F AR v, AR Be X
R HFLRAR, TERALIF . IR S ALIR E DY 8. 9nm.

B 3 Ao, SR RHE 20ps I, RORHI SR TG kAR 7 O 22 BBk 4, 00 &5 i OR AL 0 R 712 2



5% 3 3 . WHROLRRIREAR 12 T 3 ) 2 BUE R Y 209

J EEBT A B AR S KD, KEACIRFE > 1. 5nm Ze o, TIAEAD BRI B T — 2 S ORI IR 78 20 )5
CAE A HT RN s 45, 5 A AR 8), TR R P e B BRSO — 2 2 L.

(a) Side view from ¥ direction

o4&

3 ’1‘5?; 4
¥ie #

- a'."l

(b) Oblique view of the deposition areq

2 4.7ps I H &5

Fig. 2 Snapshots of simulation box 4.7ps after laser deposition
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Fig.3 Snapshots of simulation box 20ps after laser deposition
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Molecular dynamics simulation of radiation effects in Al foil
irradiated by femtosecond laser beams

XIN Jian-ting ', ZHU Wen-jun, LIU Cang-li
(Institute of Fluid Physics, China Acadermy of Engineeing Physics,
Mianyang 621900, Sichuan, China)

Abstract: A laige scale molecular dynamics (MD ) method has been employed to reveal the atomistic information of
the femtosecond laser ablation of an Al foil surface. A 12.15nm X 12. 15nm X 81nm supercell involving more than
700, 000 atoms is arranged to simulate the ablation process in the center area of the foil. According to the simulation
an ablation stress wave of magnitude 8GPa results in the foil irradiated with laser energy 11943)/m”. The simulation
results show that a porous layer and a glass-like layer are formed on the foil surface due to the laser ablation and the
condensation afterwards and it is consistent with the laser ablated specimen’ s metallographic analysis.
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