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Microripple Structures Induced by Femtosecond Laser Pulses
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Abstract Periodic microripple structures were formed on the sample surface after micromachining on Cr-coated
glass and fused silica by trains of femtosecond laser pulses from the oscillator. The heights of these microripple
structures varied from 10 nm to 300 nm by increasing the laser power and saturated at a higher laser power. The
morphology, sizes and heights of theses microstructures are depended on the irradiation fluences and parameters of
the femtosecond laser pulses. Chemical methods proved that the microripple structures are composed of not
chromium material but the substrate material of glass or fused silica. Furthmore, two kinds of grating with different

periods and linewidths were fabricated by selecting the laser power and micromachining speed properly, which
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indicated the good micromachining performances of the femtosecond laser oscillator.
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FS oscillator: femtosecond laser oscillator;
BS(1-2): beam splitter; ATT: attenuator; OBJ: objective lens;
PM: power meter; MTS: motorized translation stage;
SPEC: spectrometer
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Fig. 1 Experimental setup
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Fig. 2 SEM images of periodic microstructures formed

on the sample surface at different laser power

(a) rippled structures; (b) bump-like corrugated structures
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Fig. 3 Heights of the microstructures formed on two

kinds of sample's surface with the different laser powers
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Fig. 4 Comparisons of surface profiles of each sample measured by Taylor Hobson step height standard

(a) and (b) are the first sample’s surface profile before and after put into chromium-removed solution, respectively;

(&) and (d) are the second samples surface profile before and after put into hydrofluoric acid of 10% in concentration
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Fig.5 Optical microscope images of grating structures

formed on chromium layers with different periods

and linewidths

4 45 B

i BBzt = 5 8 7= A= B 90 £ R A SO Bk vl
X EER SRR BB A A B AT T R R . 5K
B R LAEWORPRE 0 R BT I TR R4, B AT
BB MEREW. Mk, R T WL
R IE B R OE R, 1X e i 58 i 45 1 B F
B it 2R TR M 10~300 nmo N353 H B & 0%
TR BB KRG, £ — E R T R B M ARE.
A2 TR IE B T X B A R A A R B BB A
B EB WS SiO, ALK . X EFESORE R GH

HYTE L R AR B O T A R OL B BE R, LA
LR RK o B9 S0 ke SERE CE R R E. B
PEHUX B8 2400, AT LUTE MR i BR324 B0 3 B ]
52 1) 1 9 L P BUIR SRR 45 4 X O A A RN OB R
AR R GOR AR RBE T L T, 8 i 2 BUE
5 A9 KR BB T AR by 0 T8 B 38 i AF T P A
AR JEI S AN TE B e 45 4 8RR BPBOL IR 5
#r R R0 TR .

& X X #

1 M. D. Perry, B. C. Stuart, P. S. Banks et al.. Ultrashort-
pulse laser machining of dielectric materials [J]. J. Appl.
Phys. , 1999, 85(9):6803~6810

2 B. N. Chichkov, C. Momma, S. Nolte e al.. Femtosecond,
picosecond, and nanosecond laser ablation of solids [J]. Appl.
Phys. A, 1996, 63:109~115

3 Sun Xiaohui, Zhou Changhe, Yu Bingkun. The latest
development of femtosecond laser processing [J]. Laser and
Optoelectronics Progress, 2004, 41(9) :37~45
IR, F L. REE. BRI TESERT]. ghE
wFFat &, 2004, 41(9):37~45

4 K. Venkatakrishnan, N. R. Sivakumar, B. Tan. Fabrication
of planar gratings by direct ablation using an ultrashort pulse
laser in a common optical path configuration [J]. J. Appl.
Phys. A, 2003, 76:143~146

5 Jonathan B. Ashcom, Rafael R. Gattass, Chris B. Schaffer e
al.. Numerical aperture dependence of damage and
supercontinuum generation from femtosecond laser pulses in
bulk fused silica [J]. J. Opt. Soc. Am. B, 2006, 23(11) ;2317
~2322

6 Xiaohui Sun, Changhe Zhou, Huayi Ru e al.. Laser writing
system for fabrication of diffractive optics elements [J]. Chin.
Opt. Lett., 2004, 2(1):4~6

7 Enwen Dai, Changhe Zhou, Guomei Li. Dammann SHG-FROG
for characterization of the ultrashort optical pulses [J]. Opt.
Express, 2005, 13(16) :6145~6152

8 S. Nolte, B. N. Chichkov, H. Welling et al.. Nanostructuring
with spatially localized femtosecond laser pulses [J]. Optr.
Lett. , 1999, 24(13):914~916

9 J. Koch, F. Korte, T. Bauer ¢ al.. Nanotexturing of gold
films by femtosecond laser-induced melt dynamics [J]. Appl.
Phys. A, 2005, 81;325~328

10 Ingolf V. Hertel, Razvam Stoian, David Ashkenasi ez al.. On
the physics of material processing with femtosecond lasers [J].
RIKEN Review No.32: Focused on Laser Precision
Micro fabrication (LPM2000), 2001, 1:23~30

11  Ajit P. Joglekar, Hsiao-hua Liu, Edgar Meyhofer ez al. . Optics
at critical density: Applications to nanomorphing [J]. PNAS,
2004, 101.:5856~5861

12 A. Y. Vorobyev, Chunlei Guo. Femtosecond laser
nanostructuring of metals [J]. Opt. Express, 2006, 6(6) :2164
~2169



