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Roll-to-plate UV nano-imprint lithography is a unique technology to pattern large area substrates with micro-
and nanotextures. A thorough understanding of the involved physics in the imprint process is crucial to further
improve the imprint layer thickness and uniformity for future applications. In this study an elasto-hydrodynamic
lubrication (EHL) model is developed and used to study the sensitivity of the process variables, and the
influence of the resin front on the imprint layer thickness and imprint layer uniformity.
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1. Introduction

Ultraviolet nano-imprint lithography (UV-NIL) is a
patterning  technology to replicate micro- and
nanostructures in a thin UV-curable resin. Roll-to-plate
UV-NIL is a roller-based variant, which is developed to
pattern discrete, large area substrates with optically
functional layers, for example anti-reflection coatings on
solar panels. Figure 1 shows a schematic of the roll-to-
plate imprint process, which uses four rubber-coated
rollers, for imprinting and to guide a textured flexible
stamp. A pattern of UV-curable resin droplets is
dispensed on the substrate. The front imprint roller
presses the flexible stamp into the liquid UV-curable
resin. Typically, in the roll-to-plate imprint process, a
resin front is formed before the imprint roller. The resin
is cured between the two bottom rollers. A second roller
delaminates the flexible stamp from the hardened resin,
leaving a negative image of the texture on top of the
substrate.
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Figure 1: Schematic of the roll-to-plate NIL process.

Ideally, the final imprint layer has a small and uniform
thickness over the entire substrate area. Full
understanding of the relevant physics of the imprint
process is desired to further improve the layer thickness
and uniformity for future applications. Typically, the
resin flow in NIL is modelled using lubrication theory
[1]. In this work, a numerical model is developed and
used to study the sensitivity of the process variables
(roller diameter and stiffness, imprint force and speed,
resin properties) and the location of the resin front. The
incoming droplet pattern causes a time-varying supply of
resin and thus a varying resin front location, which
influences the film height and film pressure, similar to
the behavior in starved lubrication [2].

2. Method

A schematic of the model set-up can be seen in Figure 2.
A roller of radius R rolls with velocity U over the
substrate, which moves at the same speed. The influence
of textures is neglected; the flexible stamp is assumed to
be flat. Because of the thin resin layer, Reynolds
lubrication approximation is valid:
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with film height H, pressure P, and resin density p and
viscosity p. The elastic roller will deform due to the film
pressure. The deformation is calculated and coupled to
the flow equation, resulting in an elasto-hydrodynamic
lubrication (EHL) model. To be more specific, the
systems operates in the isoviscous elastic regime, also
called soft EHL. Mass-conserving cavitation techniques
are used to find the equilibrium film height Heq [3].
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Figure 2: Schematic of the cross-section of the model
(not drawn to scale).
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