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Abstract Femtosecond laser direct writing (FsLDW) has been widely applied in the field of mico-nano fabrication
for its advantages such as excellent three-dimensional processing ability, high spatial resolution and low additional
damage. However, there are contradictions between machining efficiency, machining area and machining accuracy in
the conventional FsLDW. In order to realize high speed, large area and high precision in the process of laser micro-
nano fabrication, we have built a new FsLDW system based on polar coordinates, which is composed of large scale
horizontal linear stages and high speed rotary stage. The approaches for the alignment of axisymmetric sample’s
center and the calibration of surface curvature have been investigated based on the proposed system, and a multilevel
three-dimensional structure has been fabricated on a curved surface. Finally, a diffractive circle grating structure
with diameter of 10 mm has been fabricated on curved surface of the lens, and the femtosecond laser fabrication of
large area three-dimensional structure with high speed, large scale and high precision has been realized. The
research provides strong technical support for the fabrication of high performance hybrid refractive-diffractive optical
element.
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Fig. 1 Schematic diagram of polar-coordinate femtosecond laser direct writing system
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Fig. 2 (a) Top view and (b) three-dimensional image of circular grating structure; (¢) LSCM image of large size step

structure on flat surface; (d) cross-section of the step structure

3 T A SR IR A B T IZ RGN L SU-8 56 2 i I 2 B BT X S ST O A 6 BT B PR RO
SFEES K, RERIET A4 A S AT I T B — GBS 5 pm S8 10 pm. S5 TE & B T )
Oy A TR B E R R 7 e A M R . T ORIE R N TR RO B 2 R L
AR IR LR T7 30, IXAE AT DU A 02 33 10 B P OB IR 240 T A r I TR S JF B Rl fdi e 65 1R 2 DR 45 v
i€ % .

B R RA GBR A H M 2L Y 30 min, FEOGAEE DO B E] T WA 2o R 1Y G B 4
A R R AR 10 mm, B 2(dD iz gt fl i K. Ed & B a5 i /ot D28 13 mW, 3134
HEESN 20 mm/s, MR AT LUVE A M A 2000 AT B G BS540 58 B RS B E T £ I i B R EE A AT B i
A . X He A 18 O6 A 0% 39 48 2 8 7E 08 38 )2 3 58 00 Jr 2R L 0 T =4 S5 R 0 A R AR s B T
20 mm/s,

0602002-3



H = # ot

DL B SCgm 25 R W I A bR K AP BOE B RGEAET- T AT RORT S5 48 i T, 28 (8] 43 B 2 /0 5k
B 7L pm AN TR B RSTIAF] T 10 mms RS B0 R T H AL T LA S 20 mm/s, BAR
WA A AT AR 32 B0 WO At TR R BB O RIS R B R A (R R i T DA RO
HRGCGEWNERE T2 EERNE 1 mm/9) . ZRGELH Tk E KRS Rl OO E
5 7 B R M E L BT AR S A P E
32 HMELARS=Z44H0MI

IR A b5 CABOL S R G0 AUAT LAAE VT E i TR RS = e 4544, 58 oo Xk e B 38 7T DLAE
M o TRRSE = 4e 254 . S T H 15 2R 0 19 3 454, 6 S TR AR AR REPIOR S R4t fEETT N
AT 414 22 B A0 2008 AT O B 5 I 5 6 THE e Bl B B it e e O Jl = ATl %) v o o 5 DDA ot T A A
T P O £ A5 S O A 2 T L (AR T IR ME AR T R A BT T S5 A . D AR TRUE A IO HRIAE T E
3Ca) Fir /R B X HETE HL e HLBR AR AR He 5 b 3 A TR M 4 A SR SCRI B 1207 [ R e B B RE
JCE AR I Borply S AL P 3 AR SCE B AT R R R AR TR G AL E . G IR i iE i CCD WSOt
BE 1) A8 AR D0 AR 5 G BE AR A0 1 B0 A RE R TSRS T R L S R O 6 E BORS BE TT SR 0.5 pm,
PERE b B R BT RO i CCD AT WS . o T B 1k ' 220 Jie 6 18 ok B rh B RO L i T S IR O R
Y RG2S AR BOE 28 BT & HBOE RS K g 808 nmy, A3 I BT A4 0 B KR 800 nm 1 KRR IOG %
FAH I 38 2 3 7 2 R AR IE T V8 ORS BE RE fR T O 2 A RO

substrate

rotary stage

3 Ca) it X AR i 2 HL A (b)) 282 42 4% 1 7R 3 TR
Fig. 3 Schematic diagrams of (a) center-aligned sample clamp and (b) curvature radius calibration
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Fig. 4 (a) LSCM image and (b) cross-section image of step structure on curved surface; (¢) LSCM image and

(d) cross section image of smoothness structure on curved surface
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