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ography applications
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' Optical lithography: Ways to break the diffractio '
arrier

A (projection, interferencial, ablation)
linear (multiphoton, near field)
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Trends and requirements
Patterning Limit
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Dynamic random access memory (DRAM).




nterferomeric lithography at SXR wavelengths
ource: 46.9 nm discharge pumped table top laser

ympact tool
Printing different motifs on PMMA and HSQ

, P. Wachulak, M. Capeluto, D. Patel, C. S. Menc

 Center for Extreme Ultravio
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Capillary discharge laser — 46.9 nm

High fluence: mW average . High monochromaticity  + High spatial coherer
power

-
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46 465 47 475 48 485 49
Wavelength (nm)

J.J. Rocca, el al. Phys. Rev. Lett. 73,
2192 (1994). )

Normalized Intensity




Table top nano-patterning tool
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Table top Nanopatterning

Rotation stage

STep ] PMMA coated

Si sample

Laser beam 94
PMMA coated M

Si sample
rotated

Step 2

Cr coated glass
substrate - et Laser beam

Cr coateg glass
Substrate - mirror




large areas

Table top Nanopatterning PMMA
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Scan size 7x7un¥
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Patterning areas in excess 500 x 500 pm?

10 X 10 pm?

Low dose generates small holes

i




Table top Nanopatterning PMMA: oval nanodots

Different rotation angles allows printing different motifs




Table top Nanopatterning PMMA: High dose

Dose: 32 mJ cm™2




Printing area: coherence limitations

» Spatial coherence:

Requirement: D<?2 Rc
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Other applications: Full field zone plate microscope at
A=46.9 nm can image the surface of semiconductor chips.
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TRANSMISSION MODE REFLECTION MODE
20 sec exposure EUV images of the surface of a

20 sec exposure EUV image of 70 nm _ : .
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Holographic lithography ]
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Computer generated :
binary hologram AFM micrographs of

fabricated by e-beam the patterns printed

Sample ||thography |n PMMA

Experimental setup
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Talbot coherent imaging lithography
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Talbot mask
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An NSF Engineering Research Center

Photo No. = 8184 Time :12:58:51

2um
Mag= 401 KX |—{

2008

:26 May

at
Time :12:58:44

Signal A= InLens D
Photo No. = 8165

>
Pt
o
i

Mag

2008

2:56:28

InLens  Date :26 May
=8160 Time 1

A=
No.

Signal
Photo

= 5.00 kv
= 6mm

EHT

10pm
o wo

Mag= 170KX

& > h/sf —.5 P ,.- & 2
o r Y .@A
Wt S &35 wd
v Sy KiF s &)
Sty Sy STy &
&

A s o
¥ ¥
J H %i.z%é. “r.%.z..%,. v
W SN s KT 5_%47.._
> & AL At

N ST
W e S e
§ .m/:? Mﬁln nf,,?ﬁ.‘_é




~\\\\‘

Input Object: 2D Periodic pattern
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Robust method: “non-contact , defect-free optical nano-imprint”
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Defect Tolerant Generalized Talbot Nanopatterning

B A

CFN 3.0kV 13.7mm x3.00k SE(U,LA0) 10/22/2010 10.0um
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De-magnified Talbot Imaging: Formalism
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Single shot EUV holograms

Experimental set up

Beam Block

1st Focal Plane

Zero Order

Zone Plate

Nano-pillars

Scattered Object
Light




Single shot EUV holograms

First results

Test object: TEM grid 12.5
m period, 5 m bar width
and 7.5 m square holes.
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Single shot EUV holograms
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Nano-patterning

Short wavelength Interferometric lithography & :
Coherence =) Holographic lithography i
| Talbot lithography

Non-contact, defect-free optical replication of masks

Holography

Wavelength (48 nm) resolution
Depth information
Time-resolved images (1 ns)
* Imaging technique capable to achieve sub 100 nm resolution

* No need for special optics
* No need for sample preparation
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Capeluto et al, 2006
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PROS:

Not necessary to break
the diffraction barrier

CONS:

COMPLEX LIGHT SOURCES
COMPLEX OR UNEXISTING
OPTICAL COMPONENTS

NO TRANSPARENT MATERIALS




WRITING WITH
STRANGE
PENCILS

Electrode




RITTING IN 3D

ULTIPHOTON POLIMERIZATION
HER NONLINEARITIES
R APROACH TO THE PROBLEL!







E | VOL 412 | 16 AUGUST 2001 |
awata, Hong-Bo Sun,
zu Tanaka, Kenji Takada

Time (s)

Figure 2 Functional micro-oscillator system, in which not only the spring but also the cubic anchor and the bead were produced using
our two-phaton absorption system. The oscillator was kept in ethanol so that the buayancy would balance gravity and eliminate bead-
substrate friction. a, b, The spring in its original (a) and extended (b) States. Scale bars, 2 wm. ¢, Restoring curve of the damping
oscilation; inset, diagram showing driving of the oscillator by using laser trapping.




rch 1, 2003 / Vol. 28, No. 5/ OPTICS LETTERS 301
mtosecond laser-induced two-photon polymerization of inorganic—organic hybrid materials for applications in photonics

Serbin, A. Egbert, A. Ostendorf, and B. N. Chichkov

er Zentrum Hannover e.V., Hollerithallee 8, D-30419 Hannover, Germany
Houbertz, G. Domann, J. Schulz, C. Cronauer, L. Fréhlich, and M. Popall
unhofer-Institut fiir Silicatforschung, Neunerplatz 2, D-97082 Wiirzburg, Germany
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Fig. 1. Predicted and measured data for (left) the diame-
ter and (right) the length of the polymerized volume as a
function of the average laser power (for constant irradiation

time # = 40 ms) and as a function of the irradiation time
(for constant laser power P = 30 mW).

Fig. 2. SEM micrometer-scale image of Venus fabricate
by 2PP. Only the shell was irradiated by femtoseco
laser pulses; the inside region was cured with a UV la
after the liquid resin was washed away.




http://www.nanoscribe.de/en/technology/direct-laser-
writing
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http://www.nanoscribe.de/?id=439&page=0

A 3D photonic quasicrystal with a five-fold rotational symmetry. The
structure was written into the photoresist SU-8. Image: Dr. Alexandra
Ledermann (KIT).

A 3D photonic crystal known under the acr
slanted pore structure. Originally propo
techniques or GLAD "2" stands fo
drilling/etching/GLAD-proce
can directly be written i
on these
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http://www.nanoscribe.de/data/Module/galerie/451/picture/eiffelturm_IP-40%20Ir.jpg

Eifteltower with a scale of
1:3 000 000 written 1nto
Nanoscribe resin [P-40.




Direct laser writing of three-dimensional photonic-crystal
templates for telecommunications

MARKUS DEUBEL1, GEORG VON FREYMANN1,
MARTIN WEGENER2, SURESH PEREIRAS,

KURT BUSCH3,4 AND COSTAS M. SOUKOULIS5
nature materials | VOL 3 1 JULY 2004 |

fyww nature comnaturematerialslpd4d

The commercially available
photoresist SU-8 (MicroChem)
consists of an octafunctional
epoxy resin (EPON SU-8), a
- photoinitiator (mixed
triarylsulphonium/hexafluoroantim
onate salt in propylene carbonate
lvent), both dissolved in
amma-butyrolactone (GBL). On
diation by near-ultraviolet light
—400 nm), the photoinitiator
2s an acid with a spatial
ation that is an image of
tion dose.
ctures into these
eneratively
aser system
e) with

Flgure 1 Three-dimensional photonic crystals fabricated by DLW. a, Layer-by-layer
structure with 40 layers and a massive wall that prevents bending and reduces distortions
due to polymer shrinkage during polymerization, completely fabricated by DLW. b, Side and
¢, top view of a different broken sample with 12 layers, illustrating the sample quality
obtained with the DLW process.




APPLIED PHYSICS LETTERS 95, 113309 2009

Three-dimensional fabrication of optically active microstructures

containing an electroluminescent polymer

C. R. Mendonca,1,2,a D. S. Correa,1,2 F. Marlow,3 T. Voss,2,4 P. Tayalia,2 and E. Mazur2
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FIG. 1. {Color online) (a) Scanning electron microscopy of a py
microstructure containing MEH-PPV. Fluorescence microscopy imag
pyramid {top view) with laser excitation at 532 nm (b) off and (c)
Emission spectrum of the microstructure (black line) and of a film -
same composition (red line).

FIG. 2. (Color online) Fluorescent confocal microscopy images of planes
separated by 16 pm in a pyramidal microstructure (squared base of 120
X 120 pm?).




2820 OPTICS LETTERS / Vol. 34, No. 18 / September 15, 2009
Laser direct writing of nanoreliefs in Sn nanofilms Chuan Fei Guo,1,2 Zhuwei Zhang,1,2 Sihai Cao,1,2 and Qian Liu1,*

High-resolution 200 nm nanoreliefs, which possess a controllable height change (h, up to film thickness) and transmittance or reflectance, have
been successfully fabricated in 12-nm-thick Sn films by using 532 nm pulsed laser direct writing. Different from current micro/nanofabrication
techniques, the height change of the nanoreliefs is generated by a laser-induced-thickening process. The majority of the height change comes
from a balling and coarsening effect rather than oxidation of grains. Because both optical density and h of the nanoreliefs are almost linear to
laser power, the optical images can highly resemble the topographic images. This technique is useful for fabricating complicated nanorelief
structures and fine images.

(a) B Sn grains

i Y Y i
(1)

Liquid Sn  Liquid SnO,

v

f Sn Amorphous SnO,

-

Fig. 4. (Color online) Mechanism of height change in the
nanoreliefs. (a) Proposed model: (1) as-deposited Sn film
with flat grains, (2) balling and coarsening of Sn grains in-
duced by LDW, and (3) after cooling down. (b) SAED results
verify the formation of Sn/a-SnO, core/shell structure. (c)
TEM image showing evolution of Sn/a-SnO, core/shell
structures: (1)—(4) are the film morphologies corresponding
to different laser powers from low to high.

Fig. 1. (Color online) (a),(b) Optical images in Sn film cre-
ated by the LDW technique; (¢) and (d) are back-lit and
front-lit images, where (d) is reverse processed.



Achieving 2/20 Resolution by One-Color Initiation and Deactivation of Polymerization 1
Linjie Li,1 Rafael R. Gattass,1 Erez Gershgoren,1 Hana Hwang,2 John T. Fourkas
www.sciencexpress.org /9 April 2009/ Page 1/ 10.1126/science.1168996

multiphoton absorption of pulsed 800-nanometer (nm) light is used to initiate crosslinking in a polymer photoresist and one-photon
absorption of continuous-wave 800-nm light is used simultaneously to deactivate the photopolymerization.
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Two-Color Single-Photon Photoinitiation and Photoinhibition for Subdiffraction Photolithography

SCIENCE VOL 324 15 MAY 2009 917

absorption at a second, independent wavelength

*’E] - - Dichroic filter
iode-purmnpe
solid=state |aser Pgﬁti'?[}pgltzm: r
@ 473 nm 2
Gauss-Laguerre
binary hologram

|Ar ion laser @ 364 nm|
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Fig. 2. Monomer, photoinitiztor, co-initiator, and photoinhibitor used. (A
TEGDMA. (B} CQ. (C) EDAB. (D) TED. (E) UV-visible absorption spectra of CQ
and TED in CHCly, demonstrating the complementary absomption spectra of the
photoinitiator and the photoinhibitor, respectively.

imothy F. Scott,1* Benjamin A. Kowalski,2 Amy C. Sullivan,2t Christopher N. Bowman,1 Robert R. McLeod

initiating species are generated by single-photon absorption at one wavelength while inhibiting species are generated by single-photon
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]ng Light to Deep Subwavelength Dimensions to Enable Optical Nanopatterning
L. Andrew,1 Hsin-Yu Tsai,2,3 Rajesh Menon3,4*

| ith an average width of 36 nanometers (nm), about one-tenth the illuminating wavelength I1 = 325 nm, made by applying a film of
lly stable photochromic molecules above the photoresist. Simultaneous irradiation of a second wavelength, 12 = 633 nm, renders tr
to the writing beam except at nodal sites, which let through a spatially constrained segment of incident |1 light, allowing subdiffrac
g.
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A
opaque A transparent direction of propagation
e
hotochromic
A pho
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A, =325nm simulation
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nanoscale 350nm I
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