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Abstract

In this work, we present a new technique for super-resolution nano-fabrication technique based
on optical property of photochromic material. This work has been greatly simplified the tradi-
tional complex optical lithography process. The numerical calculation shows that the writing
beam has only 87 nm size in photoresist (nano-pointer) after being modulated by 0.1 pm thick-
ness with 60 nm diameter of photochromic thin layer.
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Figure 1. (a) [llustration of the transition of the absorption states of photochromic material. The photochromic material at
state A, it possesses a strong absorption at 4, while at state B, it is transparent at 1;; (b) Schematic drawing of the concept of
AMOL for supper-resolution fabrication. A thin photochromic layer is deposited on the target sample. Beam 1 (1), which
possesses an Airy spot shape in focal region, is the writing beam. Beam 2, which induces a doughnut spot in the focal region,
is the “erasing” beam. DM: dichroic mirror
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Figure 2. (a) Numerical calculation of intensity distributions along transversal direction in the focal region of light beam 1
(41, blue curve) and light beam 2 (4,, green curve); (b) Propagation of light beam 1 (4,) through the photochromic layer. The
absorbance of photochromic layer is modulated according to the doughnut focusing spot of light beam 4,. o4, o represent the
absorption coefficients of state A, B at wavelength A,, respectively #: thickness of photochromic layer. ¢: diameter of the area,
where the photochromic layer is transparent (o3 ~ 0) to the light beam 1 (4,)
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Figure 3. Calculated intensity distribution in the focal region as a function of the thickness (#) of photochromic layer. The

simulation parameters are: NA = 0.6, n= 1.0, =200 nm, o, =1x10° [l/(mol . cm)]
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Figure 4. Calculated intensity distribution in the focal region as a function of the thickness () of photochromic layer. The
simulation parameters are: NA =0.6,n=1.0, ¢= 60 nm, o, =6.8x10° [l/(mol . cm)]

Figure 4. SABEEBMBERE  TURAEXELAHIHEL. XERAMBEXSHZ: NA=0.6,1=1.0, =60 nm,
o, =6.8x10° [1/(m01 . cm)]
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Figure 5. Calculated FWHM of transverse focusing spot size (blue bar) and the ratio (red bar) of peak intensity of na-
no-pointer and the peak intensity of reference beam as a function of film thickness and the size of STED beam (¢). The ¢ is
changed from 20 nm to 100 nm from the top to the bottom. The blue dotted circled area is considered as an optimal result of
nano-pointer, where the FWHM = 87 nm and it preserves 70% of total intensity of reference beam. The simulation parame-

ters are: NA=0.6,n=1.0, &, =6.8x10°[1/(mol-cm)]
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o, =68x10° [1/(m01 . cm)]
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