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|. Introduction



Laser Assisted Nano Engineering (LANE) Laboratory

Established in 2002, LANE is dedicated to the
development of laser-based techniques and
applications. Research activities include but not
limited to:

1. Coherent Anti-Stokes Raman Scattering (CARS)
microscopy;

2 Laser-induced breakdown spectroscopy;

3 Laser-assisted open-air mass spectrometry;
4. Nano-Raman spectroscopy and imaging;
5

Laser-assisted vibrational / electronic excitation
in material synthesis;

6 Laser-assisted chemical vapor deposition;
7 Pulsed laser deposition;

8. 3D laser lithography;

9 Nanoimprinting;

10. Surface cleaning;

11. Laser peening; and

12. Nanomanufacturing.



Nuclear fusion - breakthrough and a new start point



Nuclear fusion
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Magnetic fusion (MFE)
Plasma confined by magnetic fields
Pressure is limited by Magnetic field (P ~B?)
Power goes as B*
n, ~ 10 cm3
~ 1 second

Pressure ~10 atm
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* Inertial confinement fusion (ICF)

Plasma confined by inertia
n~10%cm=3

~0.1ns
Pressures > 100 Billion atm



Laser inertial confinement fusion (ICF)

Laser inertial confinement fusion (ICF)

10 years?



ll. Target Fabrication Using Two-Photon

Polymerization



Fabrication of fuel capsules using emulsions



Two-photon Polymerization (TPP) from 2007

Two-photon absorption

Excited
state

Ground
state  yy Near-IR

Liquid

TPP fabrication technique

TPP 3D printing system

Courtesy of Nanoscribe GmbH



Initial 2PP demos (2012)*:
DOE vendor provided STL files of proto-typical structures

UNL: Demo 2PP fabrication of structure

Goal: Achieve precision dimensions

Grad students: Wei Xiong* and Lijia Jiang**

Currently
*Wei Xiong: full Professor at Huazhong University of Sci and Tech
**Lijia Jiang :Senior Research Engineer at Advalue Photonics, Phoenix Az

CAD file image (STL) 2x2
, , um
input to the Nanoscribe wa
o
3 um “step”
Pedestal um
5um 25
50
25 um
pum

*L. J. Jiang et al Fusion Sci. and Tech., v70, p 295-309,
(2016)



Zn seeds for DT crystal growth LIFT Schematic

Example of Zn particle deposited
ing LIFT
(2014) using

Demo “LIFT” to deposit ~1lum Zn
particles

LIFT= Loatseenrtlanldsueceedd For rlwiga. rDdT
Transfcerry stallization

Vendor provided Zn films and film
Post doc: Yang Gao* target holder

Currently:

*Yang Gao: Professor at East China University
of Science and Technology



Project objectives

Demo foams and print “real targets”

Upgrade Nanoscribe to “GT
Professional”

100-1000x greater writing speed

Fabricate foams with fixed, graded
and step-densities
tudents: Lijia Jiang** and Ying Liu***

Yi

ng
Liu

Lijia
Jiang

*L.J. Jiang et al Fusion i. and Tech., v70, p 295-309,

(2016)

Currently:

**Dr. Lijia Jiang :Senior Research Engineer at Advalue Photonics, Phoenix Az
*** Dr. Ying Liu : Senior Research Scientist, Corning Inc., Corning NY

LLE/LLNL
target

Fixed
density

Height: 1000 layers (1000 microns)

Graded density



Project objectives and results LLE Design

L . . Total length ~ Imm
2PP fabrication of LLE-designed fill tube Max width ~ 100um
support

CAD drawing provided by LLE; 2PP at UNL
Support struc,t ., .abri
orientation

2. “down” orientation

Grad student

Lijia
Jiang

Currently: Dr. Lijia Jiang :Senior Research Engineer at Advalue Photonics, Phoenix Az



Project objectives and results

Design, print and field 2PP foam rods at NRL*
12 targets provided to NRL and shot on NIKE Laser

Grad student Ying Liu

Dr. Ying Liu : Senior Research
Scientist, Corning Inc., Corning
NY

Rod/foam design and structure

*0. Stein, Y. Liu, et al Fusion Sci. and Tech.
(2018)



m Rainbow peacock spiders inspire miniature @ \\etting characteristics of 3D fractal surfaces
super-iridescent optics
Romanesco broccoli

Sphereflake fractal
fractal surface

surface

Advanced Optical Materials (2016).

Nature communications (2017). Applied Surface Science 392 (2017)



Targets Already Achieved at UNL for NRL: Targets Already Achieved at UNL for LLE:

Foam Plate Foam Rod

Low mass/High stiffness Target Support
Foam Rod



Bending

Better
adhesion



1. Stitching
2. Scanning Complexity
3. Deformation/strength

4. Speed
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Degree of conversion (%)

Jiang L.J., et al., Opt. Letts., 2014



Methods to reduce foam block deformation

Mesoscale matched photoresist with high mechanical stability

Index-matched medium-resolution resist for smooth surfaces and

fast structuring of large 3D parts Medium Low

Enlarged TPP fabrication units Double-line scan mode

Single Double



Foam block fabricated with modified design

Foam design

Writing time: ~1 hr.

Arch-shape deformation was
largely reduced



NRL foam rods target design

Log-pile foam Foam rod
structural sub-unit
(cell)
2mm
0.25 pm,,¢

Density: 0.1 g/lcm?

96 sub-blocks (0.125x 0.125x0.1

: : mm®)
Material: Acrylate IP-Dip/1P-S photoresin



Schematics of multi-photon absorption.

Light: Sci. & Appl. (Nature Group), 1, €6; doi:10.1038/Isa.2012.6 (2012)



W. Xiong, et al. Light Sci. Appl. (Nature Publishing Group), 1, e6 (2012).
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Thiol: Acrylate: Di Photoinitiator: BDMP
PETMP TMPTTA









