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Abstract

During the last two decades, nanostructured materials have attracted
much attentions because of their massive possible abilities. For the most
widely used conventional photolithography, diffraction limits its’ resolution
to ~100nm. For electron beam lithography(EBL) and focus ion beam(FIB),
extremely high resolution can be achieved, however, high cost and low
throughput limited further application for these two technique. Thus,
fabrication of large area nanostructure materials is still a huge challenge.

In this study, we offer an alternative approach to fabricate large area
ordered nanostructures on TiO, film, which has never done before. We
applied nanosphere lithograp_hy(NSL),'- which is not limited by light
diffraction and cost. NSL takes the.advantage, of'the self assembly nature of
nanospheres, and thus allow to fc;ffiii¥lafge periodic nanostructures rapidly
and easily. More further, thq _sel_f Iassl'é"mblled nahosphere monolayer can be
modified with reactive ion .etching(RIE) technique. The modified sphere
monolayer can act as mask for either deposition or etching process, thus
various nanostructures can be made by this method.

The periodical structure can be controlled by using different sizes of
polystyrene spheres and more precise control can be achieved by oxygen
plasma to modify the sphere mask. The column structure is likely to provide
a good electron transportation path, thus to achieve a better efficiency. Nano
column structure with height 70~130 > diameter 135~160nm can be made on
anatase TiO, films. Better process temperature control is crucial for higher

aspect ratio.
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Fig. 2-2 Schematic diagrams of SL and DL nanosphere masks and the
corresponding periodic particle array surfaces(PPA).(A) SL mask, dotted
line=unit cell, a =first layer nanosphere; (B) SL PPA, 2 particles per unit
cell; (C) 1.7x1.7um constant height AFM image of a SL PPA with M=Ag,
S=mica, D=264 nm, d,~22nm, r=0.2 nm. (D) DL mask, dotted line=unit
cell, b=second layer nanosphere; (E) DL PPA, 1 particle per unit cell; (F)
2.0x2.0um constant height AFM image of a DL PPA with M=Ag, S=mica,
D=264 nm, d,=22 nm, r4=0.2 nm.
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Fig. 2-3 Projection of the holes creaté.(-l byl(A):SL sphere mask and (B) DL
sphere mask for a single uniteell;"The insets' of both (A) and (B) show a
comparison of the predicted geometry (gray area) to that of the actual
projection of the hole created by the sphere mask (black area). For the SL
mask, the predicted particle geometry is the largest inscribed equilateral
triangle, di, is the interparticle spacing, and a is the in-plane particle
diameter. From geometry, di, s 5™ = D/x+'3=0.577D and as;. is defined as
the perpendicular bisector of the largest inscribed equilateral triangle,
ag 5°°"=(3/2)(v'3-1-1/+'3)D=0.233D. For the DL mask, the predicted
geometry is an inscribed regular hexagon. From geometry, the interparticle

geom
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by ap; ™ =(+3-1-1/43)D ) 0.155D.
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Fig. 2-4 Typical nanofabrication routes of CL. Route A illustrates the
simplest nanodot formation by depositing metal through an as-prepared
colloidal mask. Routes B and C show the modification of a mask via RIE
and annealing of the colloids in combination with a tilted-angle deposition.
Route D is a scheme for hierarchical patterns using a photocurable colloid.
Routes E and F are examples of a colloid used as a template for nanopattern
formation: Route E shows a templating of organic and inorganic materials
with a hexagonally packed structure, while route F shows the creation of
nanorings using metal sputtering and ion milling. Route G shows the
nanomachining process to fabricate regular holes on colloids for

functionalization.
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Fig. 2-5 Diverse self-assembly strategies to create ordered colloid arrays: (a)
dip-coating in which capillary forces and evaporation induce colloidal
self-organization, (b) lifting up a colloid array from an interface using the
substrate, (c) electrophoretic deposition of colloids, (d) chemical or
electrochemical deposition of colloids with a patterned array, (e) physical
template-guided self-organization of colloids, (f) spin-coating in which

shear and capillary forces drive the colloidal self-organization.
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Table 4-1 Particle size of synthesized polystyrene

Sample#|Styrene(ml)| NaSS(g) [KPS(g)|D.I. water(ml) Sphere
diameter(nm)
1 10 0 0.2 200 450
2 10 0.05 0.6 200 280
3 10 0.1 0.6 200 190
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Fig. 4-7 Different sizes of polystyrene spheres
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Table 4-2 Height and width of PS spheres after RIE

PS sphere | Flow Pressure Power Time Height Width

size(nm) | (sccm) (Pa) (W) (s) (nm) (nm)
190 50 8 80 10 121 190
190 50 8 80 20 82 161
190 50 8 80 25 67 146
190 50 12 60 30 66 171
190 50 12 60 40 24 70
280 50 8 80 30 112 242
280 50 8 80 40 70 205
280 50 12 60 40 113 193
280 50 12 ; {_‘EEOH 50 82 140
280 50 1 60 60 31 121
280 50 16 60 40 96 152
280 50 16 60 50 61 117
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