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Micromachining System Based on Photonic Crystal Fiber

Femtosecond Laser Amplifier

Wu Yinzhong Liu Bowen Song Youjian Hu Minglie Jia Wei Wang Qingyue
(Ultra fast Laser Laboratory, School of Precise Instruments and Opto-Electronics Engineering , Key Laboratory of

Optoelectronic In formation Technical Science, Tianjin University, 300072 Tianjin, China)

Abstract A compact and stable femtosecond laser micromachining system was founded based on Yb-doped large-
mode-area photonic crystal fiber (PCF) femtosecond laser amplifier, which outputs pulse with 1040 nm center
wavelength, 50 MHz repetiton rate, 100 fs pulse width, 16 W maximal average power and 85 fs pulse duration after
compressed by grating. Fabrication of micropatterns on silicon and metallic thin film (Cr, Al was demonstrated by
the system and the obtained micropatterns were compared with those fabricated by solid-state Ti : sappire
femtosecond laser amplifier with 1 kHz repetition rate. It shows that due to the lower and easily adjusted single
pulse energy of our high repetition rate femtosecond laser, the proposed system can effectively control the
morphologies of micropatterns, and avoid contamination during micromachining, herein, protect the substrates. The
characteristics of high repetition rate and high average power for the founded system are revealed to be advantageous
for femtosecond micromachining in aspects of improving the fabrication outcome and promoting the efficiency.
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Fig. 1 Schematic of high repetition rate and high average power PCF femtosecond laser micromachining system
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Fig. 2 Optical micrograph of line array micropattern
fabricated on silicon by the high repetition rate PCF
femtosecond laser, with incident average power of

1100 mW and scanning velocity of 70 pm/s
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Fig. 3 Optical micrograph of sector (90°) micropattern

fabricated on silicon by high repetition rate PCF
femtosecond laser, with incident average power of

450 mW and scanning velocity of 90 pm/s
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Fig.4 Optical transmitted micrograph of line array
micropattern fabricated on FOTURAN by 1 kHz
repetition rate Ti; Sappire femtosecond laser

amplifier, with incident average power of 1.2 mW
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Fig.5 Optical micrograph of quadrate micropattern
fabricated on Cr film (50 nm thick) by high
repetition rate PCF femtosecond laser, with
incident average power of 1350 mW and scanning

velocity of 90 pm/s
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Fig.6 SEM micrograph of line array micropattern
fabricated on Al film (100 nm thick) by high
repetition rate PCF femtosecond laser, with
incident average power of 340 mW and scanning

velocity of 120 pm/s

4 IR

S SCHIF A 14 e T AR O 1 i OB £ R
TR A5 it ) 5K b E S L R A
TN H A G AR RORD SO OR & A R B
2 22 M H K ob e R P B =i g b 2 Bk
I RE Bk A S TR K e £ T BRI A e B
ST RAD PO IOR A 14 B i ™ A 1) IR DA
25 o DT R R I8 533 1 2 DX 3880 A 0 5 45 A RS2
R 2ok A ) T T DX gk ' s 1) CRACSE ik o 880 T
DA A 2 1 o 2 DX 358 0 R 14 R L DA T B O A
PERIN TR B 38 B0 R A0 TR S e )5 & L
T 2 LA/INRE R A AT SR R 2008 b SRR 1
B AW AL AR Jn I e BEL R A T B RO L R
T LR R AR 18 2 25 N .

]RSO HOR A i Y S K e RE A
JLANEEE R T AR Bleah i T 1 2R AR
e (R FLAR B B 5 A 2 8 1Y i 8 L AR R S

VERT 3 (4 % 1 T 0 R B AR . /9 Rk i T B AN
FECT R Gt R RRR O OR R e i T — s
0 R 150 1 2 vy D R R IR AT J A5 88 L I . A SCA A
AN TRGH T HA G G iR g, 18
o B2 0 3 BT IR 220 16 B0 T 5 5k b B i 3k )
B ZILEMNET PR T AR i T 07
R

H AT FH 3 0 A RD SO B R R AT R A
I T AFAE B RO 8 1 58 M T R, JFE U TR % o T
FE N IUHROKR A RD , 78 i T 1 R R B4 Ak 58 B ik
SR I AR FE A DR O R R L R AR AR A
WL T SR FH o T AR I RO S A D% n) R 1Y)
ARTFB, AN L RS T %8 (50 MH2)
() RRD SO 8 AH R A BsF TRD P B i ik e 2 H B
BLAIEY 1 kHz 555245 5 0 [ AR SRR R & 4
A G, PRI AR T T [0 % B Ak st o AR 4 A [ A9 o T
DX 3l 250 T REURH ) 1 ok o 50 Ay B85 L 1) R v o 5 0 32
TR OEUEAT e i T H R B R A RRD O
R #8208 3 A 9, in T B Ak JL 22 oK
Fb s KRR SN TR, WA T TAERT .

BB R B bk o SR AR AT LA SR I TR Y
P AR Bk v 8 R IR AR m B Ar . T R
Ik v 5 37 WA RL AR ELATE P s AT B ) A SR
G, PRI R ik e S A AR O S A ik ofe 1] B B
(] 6 T A4 8 A RIS (] oK S B0 T DX R
USRS SN TR . 285 % I8 B EOs iy i T
KRNI Y1 A58 1) CRD SO ik b B 52 0
IV 1% 0 BUTE JL A T 2% 2 JUJK 5 2% - {8 45 ok e i 1)
() o 5 R B ) O A ) G, H RS FRATTOE 7R i
A1 R P 08 25 1 O v K B A R B 1 MHz L),
INES#

F G b R S LT CRD IO iR 28 4 e
T ARG A 5T 220 B R RO HOR 48 3575, &
BT A INT R G0 A A58 5 50, IE 15 48 As
THN ST RRGER R OGO T KIS T ]
B, BA R IR AR E P R E S AR AR O

5 &

R Yb KA BUET # R4 G HOEH
BT AL Sk B AT R AT
AT R S P T EE B
KSR AL S R T LK B R 0 TR
58 o TN TR e A YRR
BRI 20 I T 9 1 R 8



1082 i

i

ot 35 &

A0 TR T5 AL AR A 0 H s O B OB AE B
LA b R SR TR £ S ]

2 % x #

B. C. Stuart, M. D. Feit, S. Herman et al.. Optical ablation
by high-power short-pulse lasers[ J]. J. Optical Society of
America B, 1996, 13(2) :459~468

X. Liu. D. Du, G.
micromachining with ultrashort laser pulses [ J].
Quantum Electron. , 1997, 33(10):1706~1716

K. M. Davis. K. Miura,
waveguides in glass with a femtosecond laser[ J]. Opr. Lett. .
1996, 21(21):1729~1731

E. N. Glezer, M. Mllosavljevic, L. Three-
dimensional optical storage inside transparent materials [ ] ].
Opt. Lett. , 1996, 21(24):2023~2025

A. Marcinkevicius, S. Juodkazis. M. Watanabe e al..
Femtosecond laser-assisted three-dimensional microfabrication
in silica[J]. Opt. Lett. , 2001, 26(5):277~279

C. Hnatovsky, R. S. Taylor, E. Simovaet al.. Fabrication of

ablation and

IEEE .

Mourou.  Laser

N. Sugimoto e al.. Writing

Huang e al..

microchannels in glass using focused femtosecond laser radiation
and selective chemical etching [ J 1. Applied Physics A:
Materials Science & Processing 5 2006, 84(1~2):47~61

He Fei, Cheng Ya. Femtosecond laser micromachining: frontier
in laser precision micromachining[J]. Chin. J. Lasers, 2007,
34(5):595~622

fal LR  W. TCRMOR RO T RS 0 T 4 R A4 T RV
[J]. ¥ E#k, 2007, 34(5):595~622

Yinzhong Wu, Ching-yue Wang, Wei Jia et al.. Influence of
scanning velocity on femtosecond laser direct writing lines on
FOTURAN glass[J]. Chin. Opt. Lett., 2008, 6(1):51~53
A. M. Kowalevicz, V. Sharma, E. P. Ippen e al.. Three-

dimensional photonic devices fabricated in glass by use of a

10

11

13

14

15

16

femtosecond laser oscillator [ J]. Opt. Letr., 2005, 30 (9):
1060~1062

7Z. Wang, K. Sugioka, Y. Hanada er al.. Optical waveguide
fabrication and integration with a micro-mirror inside
photosensitive glass by femtosecond laser direct writing [J].
Applied Physics A Materials Science & Processing , 2007,
88(4):699~704

S. Taccheo, G. D. Valle, R. Osellame et al.. Er: Yb-doped
waveguide laser fabricated by femtosecond laser pulses[J]. Optz.
Lett. ., 2004, 29(22) :2626~2628

S. J. Mihailov, C. W. Smelser, P.
gratings made with a phase mask and 800-nm femtosecond
radiation[J]. Opt. Lett. , 2003, 28(12):995~997

K. Sugioka, C. Ya, K. Midorikawa et al.. Three-dimensional

Lu et al.. Fiber Bragg

micromachining of glass using femtosecond laser for lab-on-a-
chip device manufacture[ J]. Applied Physics A: Materials
Science & Processing , 2005, 81(1):1~10

N. Takeshima, Y. Narita, T. Nagata et al.. Fabrication of
photonic crystals in ZnS-doped glass[ J]. Opz. Letr., 2005,
30(5):537~539

Liu Bowen, Hu Minglie, Song Youjian et al.. 39 fs, 16 W all
photonic crystal fiber laser system[J]. Chin. J. Lasers, 2008,
35(6):811~814

X SC L BISRA 4. 39 fs, 16 W 06 T @ K6l Wib
BOLRMCKRZSI]. Bk, 2008, 35(6):811~814

Wang Qingyue, Hu Minglie, Song Youjian et al.. Large mode
area photonic crystal fiber laser output high average power
femtosecond pulses[J]. Chin. J. Lasers, 2007, 34(12) ;1603 ~
1606

EWE 8050, KA & FREE 0+ R AL K15 &2
RRBBOLLT]. F E#E, 2007, 34(12) :1603~1606

K. Minoshima, A. W. Kowalevicz, 1. Hartl ez al.. Photonic
device fabrication in glass by use of nonlinear materials
processing with a femtosecond laser oscillator[J]. Opt. Lett. ,
2001, 26(19):1516~1518



