Baok 2

hoE W ot

2013 4 2 1 CHINESE JOURNAL OF LASERS

SRR O AL T

R Bz R Iz HEX AEE

(b5 H LR e R i 80K [ By o 2 A S2 86 %, JE st 100081)

WE  CHEOLERA RO R R LN I A S AR 1 O B T8 HE B BT R IR AR L L in
HERATERBIVER . A48T 85 K BB L m i O 34 LR 5% 3 S 253 T 0 - JUAE >R A6 7 8 5 Tk ni ot
FIBCFLn TR S 3R, IR 308 T A R ot bk b 2 8k, Ty 200N T BR 85 45 B 2 O0) A8 bk b 0O FL m T i 5
Wi, A T IR B A K IO SFL o T A TR RS L O A T R K e O L i 2 i BT IR I e Bk R A
A Ja W 5T A

KEWR RO BRI OGS I TR K s Bk vh 31

hESES 0436 XHERFRIRAS A doi: 10.3788/CJL201340.0201001

Femtosecond Laser Drilling of Micro-Holes
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Abstract With ultrashort pulses and ultra high power densities, femtosecond laser has unique advantages in micro-
holes drilling, especially for high-quality and high-aspect-ratio micro-holes. The advantages and study implications of
ultrashort pulse laser drilling of micro-holes are introduced. Major progress in femtosecond laser drilling of micro-
holes is reviewed. The impacts of materials properties, laser parameters, drilling methods and ambient environments
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are discussed. In addition, potential applications, key challenges and future research trends are presented.
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Fig. 2 (a) Schematic diagram of machining geometry; (b) schematic diagram of testing system combines

FIB and SEM; (¢) SEM micrograph cross section of nano-holes
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Fig. 3 Optical image of micro-hole machined in (a)

burst mode and (b) non-burst mode
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Fig. 4 (a) Schematic diagram of high-speed femtosecond laser drilling with single pulse;

(b) atomic force microscope micrograph of fabrication results
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Fig. 5 SEM micrograph of pdy carbonate surfaces after laser treatment (150 fs, 800 nm, 3.0 J/cm?®) with
different pulse numbers. (a) 1; (b) 5; (¢) 100
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Fig. 6 (a) Schematic diagram of micro hole formed by trepanning in Si substrate; (b) SEM micrograph
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Fig. 7 Influence of repetition frequency on diameters of entrance and exit holes fabricated in (a) air and (b) vacuum with

same laser energy; (¢) SEM image of high-quality micro-holes with diameter of 100 pm drilled in stainless steel in air

and (d) their replicas

A0 TS 77 1 - Wynne 8550 % BUCRMBOBTE
) EAT LI 32028 B0 85 v A A5 1) £L 45 A4 B BE M) 3

BT o 1 2 RO A A D EE B T . 3 b A BT AR
W R 8 e LA BT S A L B R T S R

0201001-5



H |

AN N 8 TR A AP R B HERRAE A T

ey .**‘»

JHI [ T 3

AR

S

B8 M BHMALA T SEM &, () %8 IR BT s (b) a5 BB

Fig. 8 SEM micrographs of micro-hole fabricated in (a) air and (b) vacuum in copper substrate

TE REMHOGHAL I T, o 1 kS s SR B T
SR B ST R R L B T LS BB 2 A L 3 W] DA
TN Ak 2 1 B B — 8 JER RV I B vk . TR
A LA R T T A R R R T
Kaakkunen %% % i, AH 7] B8 5 F 4 Bh /K B85 1 52 1
/NI TR R . Jiao ST oo B R U AA 9K
97 R B v K R B AR . (AR B B
BRFLOIN T 05 32 AT A 4 22 ) R R fige e 49 2 0O
FIE S5 4 I R ML T 5 2 YR A R A3 R 3O o' TR A
VI

3 R K O TL I Y 1 AT R

AR ) 3 R T 3 A Y N R A R
Z— A IRE M AR CBETR B R R RS
5 QI A 0 o R S L OB RAL R
GEME I 3 IR 22 A% 0 SR A 1 i AR 9 1 BRAE
Beo WA L RIR R Fe e b i AR AL L 1B
ZYRBAR (ICF) K TR P i 2 kB S AL . =
AR AL SR AL 45 A L & Sl HIL I S I i fL 45 L A
Kl 9 s,

490 pm

B9 (), (WD BRH LI A B s (o) JBLT A RAR LM R AL 5 (D T T 1501 24 R 2 Ay B R A AL 5
(e R B HUBEM Y A AL 5 (D S~ 75/R T W AU% s AL

Fig.9 (a), (b) Air film micro-holes on gas turbine blades; (¢) micro-holes on fiber Bragg grating sensor; (d) micro-holes
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