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Fig. 1. The relation of SPP and other (quasi-) particles.
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Fig. 2. Schematic of two SPP absorption: (a) Disper-
sion curve of light and SPP; (b) two photon absorption
and two SPP absorption.
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Fig. 3. Schematic figure of two SPP absorption lithog-
raphy and simulation results: (a) Three- dimensional
and (b) two-dimensional schematic figure; (c) inter-
ference pattern of SPP under illumination of 800 nm
femtosecond laser; (d) the square of SPP intensity on

the metal film.
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Fig. 4. Experiment results of two-SPP-absorption
lithography under illumination of 800 nm femtosecond
laser: (a) SEM and AFM photos of resist patterns with
illumination power of 630 mW; (b) the profile of resist
along the blue dashed-line in figure (a); (c) the resist

patterns with lower illumination power of 230 mW.
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Fig. 5. Schematic figure of two-SPP-absorption 50 nm. SEIGTP NS EFERERFOCHERZ N
lithography and simulation results for 400 nm fem- ~ NN
BT e , 1.6 mm, 23T XU SPP W 2% % A 4k K St ) T
tosecond laser: (a) Two-dimensional schematic figure;
(b) interference pattern of SPP on the metal film. IR RN TUELD S
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Fig. 6. Experiment results of two-SPP-absorption lithography under illumination of 400 nm femtosecond laser:
(a) SEM and (b) AFM photos of resist patterns; (c) the profile of resist along the yellow dashed-line in figure (b);

(d) the linewidth as a function of exposure time.
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Fig. 7. Two-SPP-absorption lithography for concentric circles: Schematic figure (a); SPP interference pattern

of concentric circles with linear (b) and (c) circular polarization.
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Fig. 8. Experiment results of concentric circles based on two-SPP-absorption lithography: (a) The ring nano-slits on the Al

film for SPP pattern; (b) resist pattern under illumination of linear polarized femtosecond laser; (c) resist pattern with lower

illumination dose compared with that in figure (b); (d) resist pattern under illumination of circular polarized femtosecond

laser.
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SPECIAL ISSUE—Diffraction limit of electromagnetic waves

Nanolithography based on
two-surface-plasmon-polariton-absorption”

Liu Fang' Li Yun-Xiang Huang Yi-Dong?
(Tsinghua National Laboratory for Information Science and Technology, Department of Electronic Engineering, Tsinghua
University, Beijing 100084, China)
( Received 19 June 2017; revised manuscript received 5 July 2017 )

Abstract

Lithography is one of most important technologies for fabricating micro- and nano-structures. Limited by the light
diffraction limit, it becomes more and more difficult to reduce the feature size of lithography. Surface plasmon polariton
(SPP) is due to the interaction between electromagnetic wave and oscillation of free-electron on metal surface. For the
shorter wavelength, higher field intensity and abnormal dispersion relation, the SPP would play an important role in
breaking through the diffraction limit and realizing nanolithography. In this paper, we theoretically and experimentally
study the optical nonlinear effect of SPP (two-SPP-absorption) in the photoresist and its application of nanolithography
with large field. First, the concept and features of two-SPP-absorption are introduced. Like two-photo-absorption, the
two-SPP-absorption based lithography is able to realize nanopatterns beyond the diffraction limit: 1) the absorption
rate quadratically depends on the light intensity, which can further squeeze the exposure spot; 2) the pronounced
power threshold provides a possibility for precisely controlling the linewidth by manipulating the illumination power.
Nevertheless, unlike the two-photo-absorption lithography which focuses light onto a single spot and scans point by point,
the two-SPP-absorption method could obtain the subwavelength field pattern by simply illuminating the plasmonic mask.
The subwavelength field pattern due to the short wavelength of SPP would further result in the overcoming-diffraction-
limit resist pattern. Besides, the highly concentrated SPP field leads to the strong electromagnetic field enhancement
at the metal-dielectric interface, which could reduce the input power density of exposure source or enlarge the exposure
area. Then the two-SPP absorption is realized under the illuminations of femtosecond lasers with vacuum wavelengths of
800 nm and 400 nm. Meanwhile, the interference periodic patternis realized and it is observed that the linewidth could
be adjusted by controlling the exposure dose. The minimum linewidth of resist pattern is only one tenth of the vacuum
wavelength. By utilizing the features of two-SPP-absorption, namely shorter wavelength, enhanced field and threshold
effect, the lithography field could be of millimeter size, which is about four to five orders of magnitude larger than the
characteristic size of nanostructure. Therefore, this two-SPP-absorption scheme could be used for large-area plasmonic

lithography beyond the diffraction limit with the help of various plasmonic structures and modes.

Keywords: surface plasmon polariton, nano-lithography, nonlinear optics, diffraction limit
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