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Nanosecond laser-induced periodic structures on polyimide film

Lin Suying, Liao Xiaojie, Han Bing
(School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Laser-induced periodic surface structures (LIPSS) were created by a 355 nm linearly polarized laser
with the pulse duration of 7 ns and the pulse repetition rate of 1 Hz on polyimide films. The influences of different
laser parameters on the morphology of the formed LIPSS were investigated. It is found that there is a certain
fluence threshold and pulse number threshold for the generation of periodic structure. When the laser fluence is in
the range of 54-586 mJ/cm?, and the pulse number is between 1-50, the well-ordered LIPSS are formed with the
periods between 4-6.65 pm. The pulse number and the laser fluence are changed in the experiment. With the same
laser fluence, increasing the pulse number, or with the same pulse number, increasing the laser fluence, the period
of the ripples can be increased. It is also observed that the formation of LIPSS is accompanied by the removal of
materials, with the increase of the pulse number, the depth of the crater increases, and LIPSS can continue to
appear at the bottom of the crater. In addition, in order to analyze the possible causes of the formation of periodic
structure, the physical state of the material is discussed by establishing the heat conduction model when the
periodic structure is formed. These works provide potential support for studying the improvement of material
surface wettability, friction mechanics, and optical properties.

Key words: laser-induced periodic surface structures (LIPSS);  polymer film;  nanosecond laser;  surface
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Fig.l Sketch for experimental set up
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Fig.2 Classification of surface morphology under different fluence and

pulse number
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Fig.3 (a) Surface optical microscope image when the laser fluence F= 0.187 J/cm?, pulse number N= 1, it shows the response of the material surface with

disordered scattered points; (b) Surface optical microscope image when the laser fluence F= 0.345 J/cm?, pulse number N= 9, it shows the obvious

LIPSS structure on the surface; (c) Surface optical microscope image when the laser fluence F= 0.248 J/cm?, pulse number N= 40, it means that

the material is obviously ablated, but LIPSS still exists at the bottom of the ablation pit
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Fig.4 (a) Optical microscope image of material surfaces with the laser fluence is 345 mJ/cm?, pulse number N=7; (b) AFM scanning diagram of the

black frame part of figure (a); (c) Period and depth of the white line in figure (b); (d) Side view of the two-dimensional Fourier transform image of

figure (a)
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Fig.5 (a) Fitting relationship between the fluence and fringe period, pulse number N= 5, 9, 15, 20, 30, 40; (b) When there is an approximate linear

relationship between pulse number, period and fluence, the linear growth part is fitted, relationship between slope of fitting line and N; (c) Fitting

diagram of the relationship between the lower limit and upper limit of LIPSS period and the pulse number obtained by changing the laser fluence

under different pulse number
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Fig.6 (a) Fitting relationship between pulse number and fringe period when laser fluence F= 94 mJ/cm?, F= 160 mJ/cm?, F= 248 mJ/cm?, F= 345 mJ/cm?,

F= 467 mJ/cm’, F= 569 mJ/cm?; (b) Relationship between the growth rate of the period increasing with the pulse number and the fluence under

different fluence obtained according to figure (a)

22 ETFHBREAMERSHELSN

TEROE 5 W AR AR TR v AR 3D 1 e
ISR N R e I R ) AR N I c Al DB oy St
AR T REWNE, e EH 52 AR
— BT BN R R AR R, B AN RO B/
N OERAE IAEAE 5 4 2 S A . SR g R AT L
B, YO RE R RO, 787 A R IR SR B
(e ik 5T L, AE A% WL 5E 21 ) I iy 1 A, 5 T 0
A REREC Solttid T AR R E, 25X (1) A —2E
AL IR, AR RO A SR BRI R T,

0T (x,t 0T (x,t
ag)—f ;;):—%HﬁwMﬂmﬁb (1)

X d=pcrk, p J s kAR K o AR RHE

355 nm Ak BIIICRHG Fo BOEHI A e, BAREL
(UL 3% 15 P(0) HIR AR IR e 39r 0, 258 TN 1) ¢ 19 o

P(t) = ggexp[—(i)z] 2)
A o Rk, X BLHL 7 ns.
(EAERMIE, I T W2 BB R, 5
K7 R SHONIR B (A, LR nT BT A 1 A4 ek
Py AL S RS AR A Pl A 5, 7R R |,
A LA AR, 77 A2 LIPSS I, PT 36 I iR 2 i & T
PI A Y B AL 5578 IR B 516 K, LA KoM 4 607 K, X 5
FERE IR [ B A 0E I S ARG o
YRR T Y DA (T 3 4 5O, 5 BI065 A 08
JEHE B 4% BN 29 m/em?, X SETT AL IR KM, 1
LIPSS FYJE Jlad 72, B 2 B (I A A7 6 1T RE 2R T 1
TR R IR TH R T8 s o I O T AR B A B
MR = TR E R, RA W THEBOT IR

&1 PLHIRRYIMESH
Tab.1 Thermophysical parameters of PI

Parameter ~ Density p/kg'm”
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1

Specific heat capacity, ¢/J-kg '"K™'  Absorption coefficient, o/m™

Value 1420 0.2
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temperature under different laser fluences
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