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Formation in UV NIL
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Abstract Nanoimprint lithography (NIL) is an emerging technology that enables cost-effective and high-throughput
nanofabrication. In ultraviolet (UV) NIL, low-cost and high-speed production can be achieved using a non-vacuum
environment at room temperature and low pressure. However, there are problems with the formation of bubble defects
in such an environment. This paper investigates the shape of the mold cavity and the bubble defect formation in UV
NIL in a non-vacuum environment. The bubble defect formation was simulated using two-dimensional flow analysis
and the VOF method for commonly used cavity mold shapes (rectangular, and triangular). The
characteristics of the resist flow front and various contact angles were also analyzed. The shape of the mold cavity
had a very significant effect on the bubble defect formation. For all cavity shapes, a smaller contact angle with the
mold and larger contact angle with the substrate decreased the possibility of bubble defect formation. The elliptical

elliptical,

shape was the most effective for preventing bubble defect formation.
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Fig. 1. Analysis models with boundary conditions for 3
different mold-section shapes: (a) rectangle; (b)
ellipse; (c) triangle
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Fig. 2. Resist changing from sphere to cylinder as
pressed by mold
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Table 1. Mold pattern shape and considered variables
Mold Inlet Residual Cavity Half of Cavity
cavity | velocity Layer Width Protrusion Height
shape Thickness Width

V;n hU w P H
[m/s] [nm] [nm] [nm] [nm]

Rectangle
Ellipse 1 100 200 200 200
Triangle
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Table 2. Simulation results of rectangle cavity shape
with various contact angles (@ : Bubble, O
: No Bubble)
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Simulation results of time evolutions of the
resist flow front for rectangle cavity shape: (a)
bubble defect formation case (0¢30°, 6,,
=35°); (b) no bubble formation case (6~50°,
0,735

Fig. 3.
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Table 3. Simulation results of ellipse cavity shape with
various contact angles (@ : Bubble, O : No

Bubble)
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Fig. 4. Simulation result of time evolutions of the resist
flow front for ellipse cavity shape with contact
angle (6,=30°, ¢,,=50°)
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Fig. 5. Simulation result of time evolutions of the resist
flow front for ellipse cavity shape with contact
angle (0~10°, 6,,=60°)
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Table 4. Simulation results of triangle cavity shape
with various contact angles (@ : Bubble, O

: No Bubble)
50° [ [ [
45° [ [ [
40° [ [ [
35° [ J [} ¢}
30° [ J ¢} ¢}
0y 0, 30° 40° 50°

oF BAHA B

Ho
°
ey
il
wn
()
- [=]
ey
=
Bl
W
()
N
o
>
)
=
&
i

e = =1
ToOTE



696 x 107(s)

Point A
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Fig. 6. Simulation results of time evolutions of the
resist flow front for triangle cavity shape: (a)
bubble defect formation case (6,~30°, 6,,
=30°); (b) no bubble formation case (6,=50°,

0,730°)
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