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Numerical simulation of vaporization effect
of long pulsed laser interaction with silicon

Zhang Liang, NI Xiao-wu, LU Jian, Liu Jian,Dai Gang
(Department of Physics, Nanjing University of Science and Technology ,Nanjing 210094 ,China)

Abstract: To explore the mechanism of the long-pulse laser interaction with semiconductor materials,
a one-dimensional finite element calculational model was established to investigate the vaporization
effect of the long-pulse laser interaction with the silicon. In the calculation, Enthalpy method was
used to resolve the process of solid-liquid phase change, and the heat flux equation was used to analyze
the energy loss of vaporization. With the certain incident laser power density and different pulse
widths, the long pulse laser interaction with the silicon in the process of melting and vaporization phe-
nomena was simulated. The vaporization velocity, temperature evolvement, and the effect of vaporiza-
tion on ablation depth during and after the laser irradiation were emphatically analyzed. Furthermore,
the atomic vapor induced self-focusing threshold by laser transmission was estimated to be about 0. 2 W when
vaporization depth was about 0. 5 pm, which was far less than the long-pulse laser power. Therefore, the fol-
low-up laser will cause optical self-focusing phenomenon by vaporization in the long pulse laser interaction
with the silicon, obtained results can provide the theoretical basis for the research on the mechanism of the la-
ser interaction with the silicon.
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Tab.1 Thermal physical parameters of silicon
Physical K C a o
parameter ’
state J/em e+ s+ K J/g+ K cm ! g/cm’
Solid 1521.0T %% T<1 200 K 0.694exp(2.375X10°" T) 50 2.32
8.98T %% 1 200 T<<T,
Liquid 0.5+2.9X107*"(T—T,) 1.05 8.6 2.52
Physical L./ L./ T./ T,/
parameter R _ -
state Jeg! Jeg! K K
Solid 0.3-+5X10 °(T-300
o ( ) 1797.0 13 722.0 1683 3514
Liquid 0.79
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Fig. 2 Curve of vaporization velocity with tempera-

ture

Bl 3 Sy )28 By 5X10° W/em® , A [R] fik o
Vi RO AE G Rk A4 IR B Bl o006 A S ) AR
ek . ARG 5 Mok R T b S L Bl
Tk JBE 1) 32 ¥ T R 5 0 T 25 0 T R AN DT G A
MR R T AN R AR SR (100 kPa) B A5 —
A AR R B A RSN 1 RS 43 AE o
e P EOM B R TR L FEAIG 53 0h s A R RS
W AC R B /)N o (A5 b REZ P RE XS L 1S T 6
WAL IR SR . A LR R T LA R R R R
LR  me T  ADRN OO RE R S K RE
Z 2T B KAB AL S 6 T M ORHER B Y d KA AL
JIT LA A 14 5k BE B 386 A S O T AR Ak i) il 2k b
PR RAB A . I 3 38 0] DU Y A 9 30K ik
Vit 6K R TR A7 A Ak ) T A v o ek s R
JE A B IO A S AL T b Rk P e i TR R R
W, EHEEOEA S A 2 mm LAMY X 38, 410k
) Tk B B AR A AR Ak

4 SRy 3% B Ry 5X10° W/ em?® , ASTR] ik o
Vi BEWOGAE RIS S b RE 2% TR A ) A2 Ak i il 4R
1T RORE ) 38 985 FE — . bR 3R TR R BE Bl A ] AR
bk e aEA . TUE I (=56 ps B # K
T IRiE A, OF & 2B MIE a5 1. 5it
LN RSN e SN 2 R o S T TN R
TET P19 30 B8 T T AR R T IR BE S R (0 T /0
OAEW /. X2 Ty Bl BRI IR R T
B AL o BRI, 5 BUR R 1 R
32 7 18 100 o 17 1 B R 5 R CSRE A ) 3R T A SO6 T
) & S G AN S N e TR ) N [ =
P4 T B JH 1M 1% 3 6 0 76 B AT



2 4 g TR KOs SRR AR EL AR AU I R A B 441
— lms —1Ims
6 000 ---1.5ms 0.06 - — 1.5ms
2ms —2ms
4000 |, _ 004}
2000 - 0.02 r
0 I I |m 1 ! I 0.00 1 1 '
00 05 10 15 20 25 3.0 0.0 0.5 L0 155 2.0
z/mm t/ms
Bl 3 A TRk S8 SOGAE FE - 0ORF B9 B2 37 BE O A B 5 A TRk S8 SO R F G - 6 RE R T 1k 380 B
55 07 16 4 I BE 43 A 7] A2 Al 1 il 2k

Fig. 3 Temperature curve with laser incident direc-

tion after different laser pulse irrdiations
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Fig.4 Curve of surface temperature with time after

different laser pulse irradiations
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