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Periodic Microstructure on Ti Surface Induced by High-Power Green
Femtosecond Laser
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High-Power and Ultrafast Laser Manufacturing Laboratory, Institute of Laser Engineering , Beijing University of
Technology, Beijing 100124, China

Abstract The femtosecond laser, which induces periodic microstructures on the surfaces of metallic materials, is
extensively applied in photovoltaic power generation, self-cleaning, and biomedical fields. In this paper, we
fabricate periodic microstructures on the surface of Ti by utilizing a green femtosecond laser with a power of 75 W,
a pulse width of 800 fs, and a wavelength of 515 nm. First, the ablation threshold of Ti under the line-scan
condition is discussed herein. The Ti surface microstructures are induced based on a 90° cross-surface scan
processing. We derive the formula for the calculation of the effective-pulse number per unit point in the surface
scanning and summarize the microstructural evolution. The results obtained demonstrate the following: 1) the
ablation threshold of Ti by utilizing the green femtosecond laser is significantly lower than that of the previously
reported long-wavelength infrared laser; 2) the surface microstructure of Ti can be attributed to the effective-pulse
number per unit point and the laser fluence in the surface scanning. Due to the increase in the effective-pulse
number, the microstructure changes from nonuniform distribution of hump to uniform columnar array structure
when the laser fluence is low, or to interconnected hilly structure when the laser fluence is high. The similar
structure can be obtained either by applying a high laser fluence and small effective-pulse number, or a low laser
fluence and large effective-pulse number. The former can significantly increase processing efficiency.

Key words laser technology; green femtosecond laser; periodic microstructure; Ti; ablation threshold

OCIS codes 140.3390; 350.3390; 160.3900

| . W, TSR E A TN . 5155 AL g
H Tl AL F T R A MO T R R L R i
O TR ARAE ALK Tl R BE ST SR ORIY et LA I TR B L TR R L TR

Wfm HE: 2019-04-26; 1EE HHA: 2019-05-21; RABHI. 2019-06-05
HEEMB.: HEAKE¥HESL (51675013)

* E-mail: huangting@bjut.edu.cn; *~ E-mail: ginxiaoyang(@ emails.bjut.edu.cn

1002006-1



th i

i ot

7 DL R AR BE#E S5 O 340 L Dok & — e i B
BB AR 7= Az 5 2 B[] 7E B BB R RORD A 9 ik
ot  CHA S W IEEI R, LAk, BT
AP IO SO T R AR b R 3R T T 4 A% R T
T2 K BT Ry S W HL W T B B 5 O i 2 — L gk
4 B FLAT B A LT ol R R R R AL
E R R SRR BT M T
b i Es  EEIT AR AR AR, SR B AT R
S AL 0 BK 4 TR 0T AR O R I A S T S R
A % K A S S R R
P 3 %% DI AH

il CRD SO AT LT 22 b b Rl 2 v £ T 0
R AN A AR RS FES R
WAL, SIF U SICH 25 2 SR b R, D I 4% Bh 4 TR A
R S N RN T E R s e I NI v
(5% VB KPR 3 SR B R I BT ol B e/
oA AR 2 T 0 B 4 L O T R R LA T B
RO S TE 2 A B 5 W 1. Moradi
SELOT R 800 nm CEEIFE K 2 WY KRR
WOLTEA N H 2 5 8 T HAMMNE G S0
MF KL, Jiang % FFER B K R 800 nm
SEEITIRA 2 WO RO AR R R A TR
T 7 55 490 K 2 0 1) ] 303 5 O oY R T A A L %
PR AR Sy TR S R ED T2 M #E H. Vorobyev
LU SR WK 800 nm CEHIIFE R 1 W A KRR
WO AR B 1 A T Bl gk 25 4 5 e BN
120 pm A9 MIARY , 35 BEAR T 8K 9 R 1w 5 %, Wu
LS f % KON 800 nm B K AMEOE  fEEK9E B
Bz il £ L B 51 45 4, o 7592 25 0 B AT B R K
KT BB I M 7% 45 40 © ) i F 9 K TR A
53 Bt AR

H Al A58 A Bt 32 2R K K 204 ROk
WA R AR R A TS . BB R R B &
J, T U i T R AR O R 2 I A
Ko RO T DB AR T Y PR T RE L AT
T 5 A R A R O RE R IR . TR
SRR A K SO A B R 4R T i TR, 8K
BTl b R HAR A 7=

ARSCR YRR 75 WK Ry 515 nm &)
REOE CRBOEERE = b SRR 1 A5 1, B
8 T ER R TE SO0 B IOGBR lt 3 ( L RE A  E L
VB A B 41 i ) B X ok 3 T ] U P Ak 45 A T
JE )5 ) R

2 SRR AT

YEFJERE N 250 pm 41 R 99.99 %6 1) 4l K
HEATSL G WO AL FRET S £ B K SBE TN B
AR YR G i BB P Bk 10 min, TSR, &
FIBE RS A Trumpf-5000 9 4856 R AN 2% L ik 56
M 800 fs, B MK N 600 kHz, fix K24 o R
75 WL KA 515 nm., BOEE OIS OEBERA
F IS 14 AU S R B R 40, AR5 i ok fEFE N 255 mm
SR ARG A B R T R R . R A DUMA
R BT A A R AR B R 50 pm, B 1K
RO TS a0 ke EmOR B SCE bl T g
LB Tak B 7 A m) I .

reflect mirrors galvanometer
-

vacuum cleaner

stage

Bl TRE O S B TR A B TR B A

Fig. 1 Schematic of generation of periodic microstructures

on surface of Ti induced by femtosecond laser
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Fig. 2 SEM images of microstructures on surface of Ti under line-scanning at different laser fluences when effective-pulse

number per unit point is 40. (a) 11.30 Jeem ™ '; (b) 10.17 Jeem ' (¢) 9.04 Jeem ™ '; (d) 7.91 Jeem ™ '; (e) 6.78 Jeem '
(f) 5.65 Jeem ' (g) 3.39 Jeem ' (h) 1.13 Jeem ' (1) 0.68 Jeem ' (§) 0.23 Jeem !
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Table 1 Femtosecond laser scanning speed and

corresponding effective-pulse number per unit point
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Fig. 3 Squared width of ablated zone as a function of
laser fluence when effective-pulse numbers per

unit point are 10, 40, and 100, respectively
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Fig. 4 SEM images of microstructures on surface of Ti induced by different scanning times when laser

fluence is 1.13 J/em®. (a) 1; (b) 2; (c) 4; (d) 8; (e) 10; (f) 20; (g) 40; (g) 80
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Fig. 6 SEM images of microstructures on surface of Ti induced by different scanning times when laser

fluence is 5.56 J/cm?®. (a) 1; (b) 5; (¢) 8; (d) 10; (e) 20; (f) 40
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Fig. 7 SEM images of microstructures on surface of Ti induced by different scanning times when laser

fluence is 10.17 J/em?. (a) 1; (b) 5; (¢) 10; (d) 20
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Table 2 SEM images of microstructures on surface of Ti at different scanning speeds and different

laser fluences when scanning pitch is 20 pm
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Fig. 8 Effects of laser fluence and scanning speed. (a) Schematic of fluence distribution of Gaussian

laser beam; (b) schematic of spot overlapping at different scanning speeds and fluences in parallel scan
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Table 3 SEM images of microstructures on surface of Ti at different scanning pitches and scanning times
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Table 4 Effective-pulse numbers of surface scan obtained by adjusting different scanning speeds,

scanning times, and scanning pitches

Pulse number of 1000

Pulse number of 1500

Pulse number of 2000

Parameter
Fig.9(a)  Fig.9(b) Fig.9(c) Fig.9(d) Fig.9(e) Fig.9(f) Fig.9(g) Fig.9(h)  Fig.9()
v /(mmes ) 2000 3000 4000 1000 2000 3000 1000 2000 4000
n 20 20 40 20 20 30 20 20 40
L /pm 30 20 30 40 20 20 30 15 15

50 um
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(a) ~(c) 1000; (d)~(f) 1500;(g)~ (1) 2000
Fig. 9 SEM images of microstructures on surface of Ti at different effective-pulse numbers

(1000, 1500, and 2000) when laser fluence is 1.13 J/em®. (a)-(c) 1000; (d)-(f) 1500; (g)-(i) 2000n
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Table 5 SEM images of microstructures on surface of Ti at different laser fluences and effective-pulse numbers
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