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Ultra-fast diagnosis of monocrystalline silicon ablated by ns and fs laser

TIAN Runni, WANG Junbo, QIU Rong, ZHOU Qiang, JIANG Yong, YANG Yongjia
(Joint Laboratory for Extreme Conditions Matter Properties, Southwest University of Science and Technology and Research Center

of Laser Fusion, China Academy of Engineering Physics, Mianyang 621010, China)

Abstract: In order to study ultrafast dynamics of high power laser ablation of silica, the dynamic process of monocrystalline
silicon ablated by nanosecond (ns) and femtosecond (fs) laser was investigated by the technology of ultrafast time-resolved
optical diagnosis. The time-resolved shadowgraphs of the formation and evolution process of plasma expansion, material ejection
and shock waves were obtained. For ns laser, material ejection occurs at 200ns ~300ns of delay time with gas-liquid mixture and
at 1060ns of delay time with droplet ejection. For fs laser, material ejection occurs at 1ns ~2ns of delay time with plasma. The
result shows that the dynamic process of laser ablation is significantly different between by fs laser and by ns laser, especially the
time of material ejection and the state and size of ejection particles. The results indicate that the process of material ejection
induced by ns and fs laser is discontinuous and show that the material ejection is caused by different ablation mechanisms in

different time. The results are helpful for the study of interaction mechanism of laser and silica, as well as laser etching
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monocrystalline silicon.

Key words: ultrafast optics; material ejection; ultrafast diagnostic; shock wave ; plasma

51

T

AR T T R AR B BEAERERL, B2 N
AT AR BHBECAR M AR AR m 2R Bk
MBOCTE Y & B RIS T2 BT, A0
TN T R A A T B K B R b A
HLRTU 25 O 0 AL R 1 I T — R

FETH  EEKARB RS- E TRy TR Bk S
4 BT H (10976025)

YEEF A HIEYE (1984-) , 20, W05 A4, FEENF
65 YA HAE AT

# JHIREE R N, E-mail ; qiurong@ swust. edu. cn

Wik H 1 :2014-09-09 ; W E& el H 47:2014-11-03

SR, P65 21 SRR R A BAE e — R i ad A
P R RO R U e R R SO S | M
B RIS A VIR . B, B9 = Dl 2 ik o
VOB o 2 R R 1 R S BB T

X kO ) LR, B R T 2R
W, % AR R AES R AE BT B e A
PEREZ % N "™ 4y 18 J1 2 05 e Wh 98 1 BB Bk b
OBk FARERE, AR RO GBS A4 R
O3 FIBRBAZ Ak 3 A R, i s i R S O RE
HEAUURUA 6. MARTYNYUK'™ 856 T 8 ot b
Tl A AR R FRE . CHEN %8 AU S5 F R4 F 31
WHEST T B I AY 5% T 25 HholR 2 ik o 0
e 4 & ORI AR PN R RS B S A, R BRI B4



766 T S

2015 4 11 A

TR R B8 T 5 A e ok TR R R S 6 A Bl A A AR AR
UFo YOO %5 NS T s Sh SR N AD O e e A
R AR A RORE 1) 7 A2, B AR M JE N
(AR KE = TREF IR Y. ZHANG 5 N\ B9 T
WEMROERE I AR R SR A A A D e
T AR A AR TR LR 5 IO AR A2 BR i 7
Xt Ik bR O E A b P L A 3 BE— 2RI, X EUAE
FEREPFNAARPRO G Rt B i ek (4 8l 1 2 e, A B T
X FfL R RE B U i P BOL RE B AN RS RO LI A T
eI

AR SCH A A 2 R AR RS U IS TR R AN
FRBK O b i Bl ik 14 31 2 e R 2 TR
il S un BB A N I iy k7 I
K AR SR A, X FEBIE S RO M AN RO
5 A B B T 283 B e I A 1 Rk ek
WOt5 W oA AT R BB .

1 LBHERAR

SEEREEOR BEI WA 1 iR, R Spectra-Phys-
ics 2% 7] ) LAB190-10 # Q Nd: YAG #0688 (3 &
1064nm, Jk % 10ns ) FIBELHE F A4 CEPBOGR G (k5
50fs, HC K 800nm, H A2 A A 10Hz, 51 ik vhf5: K fig
5 35m)) , [ R PI A w9 ES3200 Tl CCD fE 3k E14
SRAEAML, R WaveSurferl04Xs 7R ¢ #4525 5 6 LRI
o WU et 0 OGN ERI J G Wk i 22 8] 1) SEE 38 B[], P
[ 2015 5 A LE A (DGO4S ) 15 I N AD AN RO 4 1Y ik
& BT 1A CCD P TR S I IA] . iz e iE 5i

2| fs laser .
delay line
computer
beameld —» pump beam N
splitter
4 X objective
filter
CCD
probe beam o
BBO 10 X objective
b ‘pump beam
ns laser [ }
I computer |
DG645
shutter 60 hotodiod
= mm | QWP otodiode

| - —

CCD
_|

Fig. 1 Schematic diagram of experimental setup of laser ablation of silicon
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Fig.2 Time-resolved shadow graphs of fs laser pulse ablation of silicon
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Fig.3 Time-resolved shadow graphs of ns laser pulse ablation of silicon
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Fig.4 Time-resolved shadow graphs and the partial enlarged shadow graphs

of ns pulse laser ablation of silicon at 1060ns delay time
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