RV IR ooE % Ok Vol. 44, No. 1
2017 4E 1 A CHINESE JOURNAL OF LASERS January, 2017

W B &5 A R - 56 5 il 2

Ak, k¥R, H £ REE F &

b mt K2 B 2E B BLROL A5 Bir . dE Bt 100871

WE A /RS (LOBRROECHR Y SRR LS, & 7 T8 508 SURBE R OL TR, R A= m AR
93 B E L B 5 ASBIECHEAT S I, YN T PO e £ BE 1 R LA, R T T O B TS 5 L (R R 2 ROL R
TR WO T IR AR OB E 1 T 2 R AR R L 4R B R TR 0L T oK 5O B BR R 5OHE 45 A AR A
o T EH 8 A0 1) 2 O I A R AR AR L K A A R A SR 15 AR N 2 3 s i) R g P R R R R A I
ZLAS B T R W R AR L TC R % 1 SR BE SR 45 A

KW BOEHIE; R SURBE LR s SOETF R G SN R

FESES 0436 XHkFRIRED A

doi: 10.3788/CJL201744.0102006

Fabrication of Double-Helix Microstructures by Two-Photon Polymerization

Liu Lipu, Zhang Shijie, Yang Hong, Gong Qihuang, Li Yan
Institute of Modern Optics, School of Physics, Peking University, Beijing 100871, China

Abstract Beams with double-helix shaped focal spots are obtained by equally weighted linear superposition of
Laguerre-Gauss(LLG) beams. Five modes along the line with a slope of 3 in the modal plane are chosen for
superposition, which increases the number of spirals in the double-helix focal spot, enhances the chirality, and
broadens spectral bandwidth. However, side lobes simultaneously enhance, which results in severe adhesion of two
main lobes during the process of two-photon polymerization. One optimization algorithm with the combination of
double-Gaussian function and step function under the tight focusing condition is proposed here which can obviously
suppress the side lobes and realize a phase-only mask. This phase-only mask is loaded on the spatial light modulator
and a double-helix microstructure with both non-adhesion and more spirals is finally fabricated with a single
exposure.

Key words laser manufacturing; micro-nano fabrication; double-helix microstructures; two-photon polymerization;
phase-only mask
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Fig. 1 Intensity distribution at focal spot of double-helix beams superposed by five modes along lines with

different slopes in LG modal plane
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Fig. 2 Intensity distribution at focal spot of double-helix beams with different waist widths

IRHELS B AR 1 pm,

2.2 WEREEBEKEMAL

ST HE S G AROT SCGE R Sy AR E AN Pl sk LGRS 2COT 1 A A B S | ) AR L e
FELT o 52 BT X RIS SRS W AL . (RS2 L 3% 0 2 T8 o JE TR AR G ok 18R 2 (13 A 67 43 A G I 1)
BWOLHE R G T8 REBN .. EX06FRE T &SR, 6 S BUE LY BT B R A L ik
CRPYI k) K15 25 253000 AN g 2006 o A Ak ol B2 0 200R FH Ak i B B0 Sl 1138 4 S 5 40 A

FIH R S AEFERUM A B R A T MMt P R 23S AN E (v .y BB E
K E (o sy) WBEIRIE P Y E (2 .y) BN RSN E (&, ok,) BIBGEAE MUK 25 17 3
E'\ (k. k) BIESTE, (x,,y. 2, BPE M B AR FET = A0k f& L i 3 s, o P~ M IFFT 43
S XoF I 3 R

X
1 X,

'é‘% P M FFT
Bl = o0

double Gaussian function

S

. 2
’ Y Y ’ focus
<o <z step function
P! M IFFT

E@,y) E@,y) Ek,k) E®,y,2)

&3 BT AT O B i B S LIk R
Fig. 3 Flowchart of focal intensity optimization based on vector diffraction theory
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Fig. 4 Optimization results. (a)(d) Phase masks; (b)(e) intensity distributions at focal spot; (c¢)(f) SEM images of

polymerized structure with single-exposure; (upper) before optimization; (down) after optimization
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HW: half-wave plate;

GP: Glan polarizer;

RL: relay lens;

PH: pinhole;

M: mirror;

SLM: spatial light modulator;
ID: iris diaphragm,

DM: dichroic mirror;

TL: tube lens
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Fig. 5 Schematic diagram of experimental setup for two-photon polymerization with single exposure
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Fig. 6 SEM images of polymerized double-helix microstructures. (a) Double-helix microstructure array;

(b) top and (c) side view of single double-helix microstructure
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