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Design and Implementation of Nanoimprint Lithography System for Flexible Substrates
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The NIL processes have been studied to implement low cost, high throughput and high resolution
application. A RNIL(roller NIL) is an alternative approach to flat nanoimprint lithography. RNIL
process is necessary to transfer patterns on flexible substrates. Compared with flat NIL, RNIL has
the advantages of better uniformity, less pressing force, and the ability to repeat the pafterning
process continuously on a large substrate. This paper studies the design, construction and
verification of a thermal RNIL system. The proposed RNIL system can easily adopt the flat
shaped hot plate which is one of the most important technologies for NIL. The NIL system can be
used to transfer patterns from a flexible stamp to a flexible substrate, from a flexible stamp to a Si
substrate, and from a roller stamp to a flexible substrate, etc. Patterning on flexible substrates is
one of the key technologies to produce bendable displays, solar cells and other applications.
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M = mass of the press roller (kg)

x = horizontal position of the center of the press roller
(mm)

z = position of the vertical stage slider for the press roller
(mm)

Az = position of the vertical stage slider for the press

roller after the press roller contacts to the hot plate (mm)

F = load or pressing force of the press roller (N)

k; = sum of stiffness values of the upper springs (N/mm)

ky, = sum of stiffness values of the lower springs (N/mm)

1 = initial deformation of the upper springs (mm)

Ip; = initial deformation of the lower springs (mm)

4 T# I, Roller (E2), Flexible Substrate (F%71H, Flexible
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Fig. 1 Conceptual drawing of the proposed imprint
lithography system for a flexible substrate
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Fig. 2 Mechanism of the press roller
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Fig. 3 Force equilibrium of the press roller
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Table 1 Design constraints

Design Target Range
Maximum force More than 450 N
Press time (to max. force) Within 5 s

Lessthan2N/10 pm

Less than 10 mm

Force resolution

Deformation of springs

Table 2 Design parameters of the press mechanism

Parameter Designed value
P
"5 Weight (M) 7.8 kg
roller
Stroke 4 mm (after contact)
Stage
Maximum speed 0.833 mmy/s
Length (1) 40 mm
U 78.5 N/
pper Stiffness(k) mm
spring (=19.62 N/'mm < 4 )
Initial deformation (I;)} |2.68 mm
Length(ly) 40 mm
L 392 N/
OV | Stiffess(kb) mm
spring (=9.81 N/mm X 4)
Initial deformation(ly;) |7.32 mm
Resolution 1.ISN/10 ym
Force N
Maximum force 470N (at 4 mm)
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Fig. 4 Side view of the implemented press roller
mechanism of the RNIL system
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Fig. 5 Picture of roller mechanism of the RNIL system
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Fig. 11 Micro patterned PC film by RNIL system
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