RNSHBIFHRE

55, 011410(2018) Laser & Optoelectronics Progress ©2018 (H E WL ) A ki it

3D REBHOCAURITH

MEE' BRKRT, DEHD
M ACEBIIE B K 130012,
VR TR SRR B S T R AR . A KA 130012

T AN G A8 PR AL T RE AL RN AR AL B R R R X A I LR R BT B R Bk, Bk
Z A A O BT ER AR T e B PRI A 0 = 4 R LN 454 . 3D KA OB 9K AT BN (FSLNP) & — Fp TC MR 11
FR CRMEOE B S BEAT I A = BRI R . HG g B AT S T G O 2 AT A A BR s o K R RE A FE A
R IRBORTR . FET 3D WRPBOBYA K FTEN AR i 00O TR S WU, LS BB T 3 AR L 2R 5 5 R
DAL T DU 5 — R IR R B RE DD B B AR . WA AT 3D TRARBOL AR AT BV A £R BT AR R

JHUR AT B MmN

KGR BOLHE A KEBOL; 3D JORITEL; BOLT X

FESEKRS 0436 X ERARIRAD A

A ARG

doi: 10.3788/LOP55.011410

3D Femtosecond Laser Nanoprinting

Liu Monan', Li Mutian®, Sun Hongbo®
" College of Physics, Jilin University, Changchun, Jilin 130012, China;

* State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering,

Jilin University, Changchun, Jilin 130012, China

Abstract Devices in a diversity of application scopes are now evolving towards miniaturization, functionalization and

integration. Finely-patterned 3D micro-nanostructures are in great demand as core components in more and more

devices. This keeps challenging the current micro-nanofabrication techniques. 3D femtosecond laser nanoprinting

(FSLNP) is an outstanding mask-free three-dimensional additive fabrication technique with both powerful

designability and high accuracy far beyond the optical diffraction limit. Based on the unique two-photon

photopolymerization mechanism of 3D FsLNP, a series of highly efficient and well-functioned micro-nanodevices can

be fabricated when suitable photopolymerization scheme and structure arrangement are given. In this review, we

briefly introduce the technical essentials and physical fundamentals of 3D FsLNP, as well as several typical

application examples.
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Fig. 1 Basics of two-photon photopolymerization ( TPP)

. (a) Schematic of TPP fabrication; (b) achievement of

sub-diffraction-limit (SDL) fabrication accuracy [the absorption probabilities of single photo

absorption (SPA) and TPA are denoted by dashed and solid lines, respectively; the inset is a diffraction pattern]

# 1 3D KRBOCHRATENE AR 5 3D WOGATENEL AR B XS L
Table 1  Comparison between 3D FsLNP and 3D laser printing
Technique Material Precision Scale Mechanism
3D FsLNP Polymers, metal, metal oxide, silk fibroin, ezc. ~10 nm pm Two-photon photopolymerization
SLME053] Plastic fine powder, ceramic powder >10 pm cm Selective powder sintering
- Selective laser sintering &
LENS® 9] Metal powder >10 pm mm

laser cladding
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Fig. 2 Schematic of 3D femtosecond laser

nanoprinting system
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Fig. 3 Micro-nanostructures fabricated via 3D FsLNP. (a) Micro-bull sculpture by raster scanning® ;

(b) micro-basin developed from a bio-photoresist™” ; (¢) 3D biomimetic lamellate wrinkle structure

developed from a hydrogel® ; (d) university badge pattern assembled from CdTe quantum dots

[57]
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Fig. 4 Schematics and SEM images of microlens arrays
with different curvature units ( MLADC )
fabricated via 3D FsLNP. (a) Schematic of
perspective view; (b) schematic of cross-section
view as well as the focal plane; (¢) SEM image

shot from top; (d) SEM image shot from side®”
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Fig. 5 Top-view SEM micrographs of the microlasers with different shapes fabricated via 3D FsLLNP on the narrow band filter

substratet™

. (a) Circular disk; (b) circular ring; (c) spiral ring; (d) spiral ring stacked on circular ring; (e) spiral ring

stacked on circular disk
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[49]

silk/Aur--

3D FsLLNP using diversiform silk-based aqueous inks"'™ . (a) Image of silk fibroin extracted from Bombyx mori
silkworm cocoons in the inset; (b) image of renewable silk fibroin (RSF) aqueous mother solution (mass fraction
of 3%); (¢) diversiform silk-based aqueous inks [(I) RSF/MB aqueous solution, (II) RSF/Ag nanoseed aqueous
solution, (III) RSF/AgNOj; aqueous solution, (IV) RSF/HAuCl, aqueous solution] ; (d) schematic of 3D scanning
of femtosecond laser multiphoton nanoprinting; (e) SEM image of a microscale word of “silk’ written with RSF/
MB aqueous ink with scale bar of 10 mm; (f) SEM image of silk/Ag composite microwires fabricated from RSF/
AgNOQ; aqueous ink with scale bar of 10 mm (the inset is enlarged view image with scale bar of 1 mm); (g) SEM
image of silk/Au composite microwires fabricated with RSF/HAuCl, aqueous ink with scale bar of 10 mm (the

inset is enlarged view image with scale bar of 2 mm)
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Fig. 7 Protein-based multi-mode interference (MMI) optical micro-splitters via 3D FsLNP® | (a) Schematic of

3D FsLNP of protein-based MMI micro-splitters; (b) optical microscopic image of protein-based

MMI micro-splitters prepared on MgF, substrate, the scale bar is 10 pm
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artificial eye

8 KAREIRF 3D CEBOCH KT NS AR EZ B E AR I T 0y & B i 2 N T E MRS . KRR Ca) i AT (b) J5)
TR SEM FEIMR  H A5 H 4 1 A% SR BE FULE A 100 %6378 59 7S 0 S8 /MR 5 05 A2 N T 42 HR A9 Co R AT (D
30°M00 A Jm FR R SEM EMG, L 100 Y6 i 8170 B2 5 & 8(b) i Y RARE IR AH M 5 A T E IR 19 iR AL BN A T2 IR 43

AXFFRECe) “PYAICD “L7E %
Fig. 8 Natural compound eye and high quality artificial compound eye via 3D FSLNP combined with the high-speed voxel-

modulation laser scanning method™ . (a) Top-view and (b) magnified SEM images of a natural compound eye

showing a macrobase and hundreds of 100% filled hexagonal micro-ommatidia; (c¢) top-view and (d) 30°-tilted

magnified SEM images of the bio-inspired artificial compound eye, the 100% fill factor of hexagonal ommatidia is

comparable to that of natural one in Fig. 8(b); characterizations of imaging performance of artificial compound eye,

i.e. imaging of the letters (e) "P" and (f) "L" by artificial compound eye
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