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Abstract: Temporal-spatial evolutions of transient plasma in single pulse femtosecond (fs) laser induced
microstructure in fused silica were investigated using fs time-resolved pump—probe shadowgraphy. The
relation between the spatial distribution of transient electron density and the distribution of fs laser-induced
microstructure in fused silica were also studied. In this study, the fs laser was focused by two kinds of
microscope objectives with different Numerical Aperture (NA). The results showed that the transient peak
electron density indued by focused fs laser was increased and then decreased as delay time of probe beam
increased. When the NA of the microscope objective was 0.45, the spatial position of transient peak
electron density induced by fs laser did not moved as delay time increased, which basically kept at the
nonlinear focus. The fs laser-induced microstructure in the sample was punctate. When the NA of the
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microscope objective was 0.3, the spatial position of transient peak electron density induced by fs laser
moved from the sample surface to the inside of the sample as delay time increased. The fs laser-induced
microstructure in the sample was long strips. In addition, we found that the spatial position of fs laser—
induced maximum transient electron density was consistent with the position of laser—induced
microstructure when fs laser was focused by the two different microscope objective. Those results imply
that fs time-resolved pump—probe shadowgraphy may be used for online monitoring fs laser processing
process, which can provide references for directional control of ultrafast laser—induced material
microstructure and optimization of machining parameters.

Key words: Femtosecond laser; Pump—probe shadowgraphy; Plasma; Micro—nano machining; Numerical
aperture

OCIS Codes: 060.2340; 320.7160; 350.5400; 220.4000; 230.3990

0 58

REPHOETE 5B WA BN Z A B Tz B O RGBS r A R BB BT DA
fitf 4 o i T RAMEOETE B A TUM AN S5 R R T AR RO AN R P o B B T bR 2 A R
AOBL B ASAH TR o 4 s 2 4 8 B SR AR Al LR i A . AR AR O B2 00 3 OGS
SER A R KAMBOL R R t KBRS R TR A BRI B S SR T e E B . R EOE TR
SRS F I AR b P B A R A A AR B R R R BOE & SRS R AR L, SRR
PO 5 RE P LA AR T R v R BB S e A R TR Bl AR T R A RO Bt hn TR
HHEAHEEE .

RRD S I8 43 A R B RS T2 TS RO S 3 WA LR R 1 R S AR
o [1) =23 ()3 AL 3 1 %4 1 2 . MAO Xianglei %) FI T RD 18] 23 B 2 18 28 000 B 52 AR 0 52 1 S ik o R i
DT B 4k PR B TS TP % S 1 A ) R (] -2 ) AR O 4 S TR BB B R DB AERE i P S A R TR
(B 5 43 A o SUN Quan 551 FH 2T R0 1 52 AR BIF 5T 1 B0 ik b " ROBDSOG T 43 Rl A7 38 Th 8 5 45 8 TR 1Y
B2 o A, JF 45 & T 0 U3 A5 2 i 5 B9 Al 15 I 18 2908 1.7 fs it 3 % 59 RNV 7E 107 em " 794, PAN
Changji %/ 1] FBUE ZE T 4R 00 B 52 BUAZRIE 9 T B0 Tk b RSOG89 v 75 9 558 B AR 1 6T ] -2 ]
PR I e U Rl 3 [ T st RN ) S TR R R R ISC AR . A RGE BT T RO
BT R 5 1 TR A I Y 25 R B 2 ad AR TR ANBOGE S R AR S A B R A R PR Bh
J1 25 BB TN T LR AR O i TR HLEE AT B . WANG Feifei 55 ) A S0 5 52 A% 57
ARBETE T 22 bk vh QA HOG B8 I I il £ & R ik 7 A — 4> QRO Bk i 7 40 J5i mh 5 5 09 3L 0 45 F X I
ok i BE 4k 20 A B2 6 . GAWELDA W A BRI i) 23 B 25 3 £ B 52 AR EOR B 78 T R IO 7E 2
2% W R £ BB v 5 A e T R, AT L 5 A /A 't TR 22 R AR I RE S 0N R A O RE B DLAR 1 23 )
oA

S SR T D B 16 3 0 25 300 4 D00 B 52 AR BRI 5 T S (R o 3R A 1) B Bk b TR AR SOOI A 09 il A D v
o i o 355 S AR A B 2 I ) 2 [ TR R R A R T B S ) A S O TR SRR &R .
3 Fr A ) 1k 285 e L vl 3 7 T2 M G T A 43 (1) {6 5 I S0 IR ) 38 A0 R AR L BN [ M L AR S ol ) o 3 A ) R D i
JCTERE P55 1 TS R A S O S I R AR R

1 XWxRE

TR S ] 0 S R DU B R AR A SE B A B AN E 1 TR . BEREE F A CFMEOE S (Femtosecond Laser)
AR I R 800 nm HE A A AR 1 kHz B K pRE B R 3.5 mJ A 7K ST D B 9 O K b 28 BTG 2 B
## (Chopper, MC1F10, Thorlabs) %7 i , T & il & BE R 2] 0.5 kHz, B 5 , C R B0OE i % 48 1 2% (Beam
Splitter, BS) 43 i 2 i Ot (Pump) AR M G (Probe) o 7E 283/ G 8% o A A/2 3 7 Fi A% == 42 B8 (Glan Prism,
GP) 4 & 87 8 WOt g i, Hoh A% == 82 55 GP 090 IR Bl 08 S 2K 7 5 ) o 580 0%6 B 2 S0P B8 (Mlicroscope
Objective, MO,) A il (Sample ) fl 17 58 £ 2 RE & Ao FE 2 — 3 50 mm X5 mm X2 mm Y 2% I 4 fill 41
Y, S A ST BB G 2 O . AR R R AR TR F R 3D B B F & b O DL 8 i Y R

0650104-2



BR, GF CEPOL S S B TP RRR I [E] 23 B A B TR B I 2 B0 g Sl AR CRR )

v

—-—
Dam-board

H1 XOEE#RBRNAYRGNEETEA

Fig. 1 Schematic diagram of the femtosecond time-resolved pump-probe shawdowgraphy
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Fig. 2 Time-resolved images of plasma induced by 16.0 1J femtosecond laser in fused silica
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Fig. 4 The evolution of the average transient absorption coefficient at nonlinear focus
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Fig. 5 Temporal-spatial distribution of the transient electron density induced by focused femtosecond laser in the fused silica
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(a) Time-resolved images at different pump energies recorded (b) Typical morphologies of damage structures
by the CCD at a delay time of 300 fs induced by different pump energies
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Fig. 6 Time-resolved images of plasma induced by different pump energies and typical morphologies of microstructures
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scope objective with 0.3 NA
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