EORVECI B Moot 5 ot B o R Vol. 57, No. 11

2020 4F 6 A Laser & Optoelectronics Progress June, 2020

AP K I Es Ry RO DRkl
QR HE SR HER, 2R RRES BAT

SR E R B E LR ML S Y BT R N D B R S E, AR KE 1300335
PRIAER R THEE SRR, ILP KR 046011

WE  CREOGTE MR R TE R A K R WA 25 M A AN AT DL AR b R 2R T A Ak M T T BB A A A

— 2 WU SR R TE 2 A SR )T R R 0 TR . SR B AT 2 AR AE T RS R R M 22 IR B — R A R

TRAF RIS, Rt 53R T AR TR IO A 4 i 2% T8 /=5 280 A B0 PR — 2 U K SR A 45 p I g Bk R 3R e T ORI

AR 1] 4 3R 25 SR T AB O X 4 J 02 T 1A 3R TET — A U9 < R 0 45 0 7 A R AT L A P | () JE L HE B O T A
BEAT R IE VA BT TT IR L B2 L TR SRR AR 3 0 S R L = A8 R TR R IRDIR | SRS AR UKL R G A 2 R T 4E

K TR 0I5 0 B4 1 4% L R BT 3 T 4 R 4 AR e AR b B A R P B B 4, O T R ] AE R RRD IO R S A

RHE T o P2 22 1] A 1% 285 DG HRAE T

EEE  BOOLF CEROL: REEIILSE A BEER; S RS Bkl

FESES 0436 XEEFRRAD A doi: 10.3788/L0OP57.111404

Control of Subwavelength Periodic Surface Structure Formation with
Femtosecond Laser Pulses

Zhao Bo"*, Zheng Xin', Zou Tingting', Xie Hongbo', Xin Wei',
Yang Jianjun'®, Guo Chunlei'
' State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun, Jilin, 130033, China ;

2 Department of Electronic Information and Physics, Changzhi University, Changzhi, Shanxi, 046011, China

Abstract Femtosecond laser-induced periodic surface structures not only have the capability in modifying the
physicochemical properties of the material interfaces, but also possess the features of mask-free and one-step
processing, which promise wide applications in multidisciplinary fields. Currently, however, there are some
challenges in this technology, such as the poor structural regularity, dimensional inflexibility and low production
efficiency. This paper firstly reviews progresses in fabricating highly regular one-dimensional subwavelength
periodic structures with the improved efficiency on metal films, under irradiation of the single-beam femtosecond
laser pulses. Then we introduces novel methods to control one-dimensional structure features (including the
regularity, periodicity and orientation) on both metals and semiconductors, by utilizing the collinear propagation of
double femtosecond laser beams associated with certain temporal delays. Two-dimensional arrays of the
subwavelength periodic structures are successfully achieved with different geometric profiles such as the triangle,
rhombus, elliptical rod, and ripple-particle hybridization. Some ultrafast physical phenomena are discovered during
the control formation of the periodic surface structures. The transient correlation effects between ultrafast dynamic
processes of laser-material are elucidated for the incidence of temporally-delayed pulses.
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Fig. 1 High-regular one-dimensional periodic ripple structures obtained on several metal surfaces using linearly polarized

single-beam femtosecond laser incidence. (a) 1 pm chromium film™?; (b) 50 nm titanium film®"; (c) 300 nm

molybdenum film

2.3 MINEHHRET

T AR ) Wang 55 78 5 B2 R T
I B AR 2R i PR € AP IO (800 nmL50 fs.1 kHz) £
B RAELE 25 nm B0 4R 8 0E L, ok 41 & R
SV K T B S B AR T S R . WIF SR 4 SR SR

[91]

B TR 25 C IR A 2 0 T s b i s U
SRFEARZE P=1.0X10 " Pa I}, % 5 3% 1@ 5 80 &5 0
BN BT IR 25 R e HES T [ 5 A O TR
PRAHIE B 250 A A =360 nm, ZI 1 55 & N
w=150 nm, R E Nh =120 nm, WK 2(2) i~ .

Bl 2 BREMEOBTE 1.0 X 10" Pa FL25 BRBE T FE 25 nm JE 2 4% 596 T 7= 2E 1) — 4 i BB M TR D) e B 5 4 17T
(a) R BB R (b) R BB R A

Fig. 2 Highly regular one-dimensional periodic ripple structures on 25 nm Cr film by linearly polarized single-beam femtosecond

laser beam under vacuum condition of 1.0X10"* Pa" . (a) Focusing with a convex lens; (b) focusing with a cylindrical lens
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Fig. 3 Large-area high-regular one-dimensional periodic ripple structures formed on tungsten surface using temporally
delayed double femtosecond laser beams with orthogonal polarizations. (a) Structural morphology; (b) calcualted

dispersion 80 in the structure orientation angle
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Fig. 4 One-dimensional subwavelength periodic ripple structures formed on Molybdenum surface using temporally delayed

double femtosecond laser beams with different wavelengths

5% (a) (b) Structural morphology at the time delay of

At=10 ps and At=100 ps, respectively; (c) variation of the structure period as function of the time delay between

double laser beams
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Fig. 5 Temporal evolution of the subwavelength periodic ripple structures formed on copper surface using temporally delayed double

femtosecond laser beams with the polarization intersection angle of 0 = 45°™7. (a) Structural morphology at

zero time delay incidence; (b) measured time-delay dependent slantwise orientation angle of the structures
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Fig. 6 Temporal evolution of the subwavelength periodic ripple structures formed on 4H-SiC surface using temporally delayed

double femtosecond laser beams with the polarization intersection angle of § = 30°F¢*7

(a) Structural morphology at

zero time delay incidence; (b) measured time-delay dependent slantwise orientation angle of the structures
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Fig. 7 Temporal evolution of the subwavelength periodic ripple structures formed on 4H-SiC surface using temporally
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morphology at Az, =10 ps and Az, =42 ps; (b)(c) measured time-delay dependent slantwise orientation angle of the
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femtosecond laser beams with orthogonal polarizations. (a) Spherical cap ; (b) triangular-'®" ; (¢) rhombus
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Fig. 9 Two-dimensional elliptical-shaped periodic structure arrays formed on molybdenum surface using temporally delayed

two-color femtosecond laser beams with orthogonal polarizations

102l (a) Surface morphology; (b) (¢) measured

time-delay dependent structure period in the vertical and horizontal directions, respectively
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Fig. 10 Two-dimensional subwavelength ripple-particle hybrid structures formed on the copper surfaces using different

femtosecond lasers" %"

. (a) Result of single blue femtosecond laser beam; (b) result of two-color temporally

delayed femtosecond laser beams. (c¢)-(f) measured groove width w, particle diameter d, particle spacing A,, and

spacing-to-diameter ratio A,/d of the structure as a function of the infrared femtosecond laser fluence
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