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Description

MULTILAYER OPTICAL FILM WITH NANO PARTICLE

Technical Field

The present invention relates to an optical film used in a backlighting device, and
more particularly, to a multilayered optical film including nano-particles dispersed in a
prism pattern forming layer having a fine pattern in order to remove contractive de-
formation caused by a thermal expansion coefficient difference at the interface

between a base film layer and the prism pattern forming layer.

Background Art

In general, a liquid crystal display (LCD) includes an LCD assembly that controls
liquid crystal to realize a predetermined image and information, and a backlighting unit
that provides light to view the image and information realized by the LCD assembly.

The performance of an image display device such as LCD is greatly affected by the
performance of the backlighting unit using an optical film.

This is because the backlighting unit basically reflects or transmits light through the
optical film to control the quantity of light. Accordingly, a variety of optical films
having excellent optical performances have been proposed and effectively applied to
image display devices.

A conventional optical film is formed of a transparent polymer material. The con-
ventional optical film has a fine pattern formed on one side thereof and has a smooth
surface formed on the other side thereof. While there are various fine patterns formed
on the optical film, a typical pattern used in the backlighting unit includes a linear ar-
rangement of fine prisms arranged in parallel, in which a plurality of peaks and
grooves are formed in the lengthwise direction of the optical film. The inclined faces
of the fine prisms are at approximately 45 to the adjacent smooth face when the optical
film is horizontally placed.

The optical film having the fine pattern is generally manufactured using an UV
hardening embossing method that coats UV-hardened pigments on a master, presses
the surface of a base film with the master, and then irradiates UV rays to the base film
to transfer a fine pattern to the base film. For mass production, a reel-to-reel method is
employed. The reel-to-reel method coats a photo-polymer, one of UV-hardened
pigments, on the surface of the base film, presses the surface of the base film with a
master roll on which a pattern is formed and, simultaneously, dries the base film using
a UV drier.

FIG. 1 illustrates the structure of a conventional optical film 10 having a fine

pattern layer. Referring to FIG. 1, the optical film 10 is made of a transparent polymer
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material one side of which has a UV-hardened resin layer 12 having a fine pattern and
the other side of which has a smooth surface. The UV-hardened resin layer 12 having a
fine pattern includes a linear arrangement of fine prisms arranged in parallel and forms
a plurality of peaks 17 and grooves 18 in the lengthwise direction of the optical film
10. The inclined faces of the fine prisms are at approximately 45 to the plane when the
optical film 10 is horizontally placed.

In the optical film 10 illustrated in FIG. 1, however, a relatively hard base layer 15
and the relatively soft UV-hardened resin layer 12 are bonded to each other at the
interface 19.

While a hard UV-hardened resin layer has higher durability, a soft UV-hardened
resin is used in order to alleviate contraction due to UV polymerization or bending of
the optical film caused by a thermal expansion coefficient difference between the UV-
hardened resin layer and the base layer 15, which occurs when the hard UV-hardened
resin layer is used. Accordingly, the soft UV-hardened resin layer is used in most
cases, and thus the durability of the fine structure formed in the UV-hardened resin
layer is decreased and a scratch may be formed on the fine structure.

A flexible oligomer resin used as the UV-hardened resin layer 12 has a thermal
expansion coefficient 1.33 to six times the thermal expansion coefficient of the base
layer 15. Accordingly, when the hardened oligomer resin layer and the base layer of
the optical film are bonded to each other and then cooled to the surrounding
temperature, the hardened oligomer resin layer 12 and the base layer 15 contract
according to their thermal expansion coefficients so that the optical film 10 unsym-
metrically contracts due to a thermal expansion coefficient difference between the
hardened oligomer resin layer 12 and the base layer 15.

This unsymmetrical contraction causes the fine pattern of the hardened oligomer
resin layer 12 to be deformed and deteriorates the optical performance of the optical
film.

To prevent the optical film from being bent due to thermal expansion, a soft UV-
hardened resin having a low glass transient temperature Tg is used to minimize thermal
contraction or thermal expansion. However, when the soft UV-hardened resin is used,
the durability and mechanical strength of the fine structure formed in the soft UV-
hardened resin layer are decreased so that the fine structure may be scratched or dented

when used.
Disclosure of Invention
Technical Problem

Accordingly, the present invention has been made to solve the above-mentioned

problems occurring in the conventional art, and it is an object of the present invention
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to provide an optical film including nano-particles dispersed in a UV-hardened resin
layer having a fine pattern in order to remove deformation caused by a thermal
expansion coefficient difference between the UV-hardened resin layer and a base film
at the interface between the UV-hardened resin layer and the base film even when a
hard UV-hardened resin is used as the UV-hardened resin layer.

Technical Solution

To accomplish the above object, according to the present invention, there is
provided an optical film comprising a transparent base film, a UV-hardened resin layer
formed on the base film, and transparent nano-particles dispersed in the UV-hardened
resin layer to reinforce the hardness of the UV-hardened resin layer.

The nano-particles are made of a transparent material having hardness or strength
greater than that of the UV-hardened resin layer and a thermal expansion coefficient
smaller than that of the UV-hardened resin layer.

The nano-particles are selected from an oxide including SiO2 and TiO2 and PMMA.

Also, an optical film according to the present invention is better in term so
performance, as the size of the nano-particles is smaller. The nano-particles are 40nm
through 400nm in size or diameter.

The base film is selected from the group consisting of acrylate, polycarbonate,
polyester, poly vinyl chloride, and the UV-hardened resin layer is made of an acrylate-
based UV-hardened resin.

Advantageous Effects

According to the present invention, the hardness of the UV-hardened resin layer of
the multilayered optical film obtained by hetero-junction of the UV-hardened resin
layer having a fine pattern and a base film are increased to improve the durability of
the UV-hardened resin layer. Furthermore, contractive deformation of the fine pattern
formed in the UV-hardened resin layer, such as distortion and warping, can be
removed.
Brief Description of the Drawings

Further objects and advantages of the invention can be more fully understood from
the following detailed description taken in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates the structure of a conventional optical film having a fine pattern
layer;

FIG. 2 illustrates the structure of the conventional optical film having a fine pattern
layer when the optical film is contracted; and

FIG. 3 illustrates the structure of an optical film according to the present invention.

Best Mode for Carrying Out the Invention
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Hereinafter, a preferred embodiment of the invention will be explained in detail
with reference to the appended drawings.

FIG. 3 illustrates the structure of a multilayered optical film 10 including nano-
particles according to the present invention. Referring to FIG. 3, the optical film 10
includes a transparent base film 15 and a UV-hardened resin layer 12, which have the
interface 19 between them.

The optical film 10 includes nano-particles 20 dispersed in the UV-hardened resin
layer 12. The nano-particles 20 increase the elastic modulus and yield strength of the
UV-hardened resin layer 12 to improve the hardness of the UV-hardened resin layer 12
and prevent the UV-hardened resin layer 12 from being deformed when thermally
expanded. The nano-particles 20 have a thermal expansion coefficient smaller than that
of the UV-hardened resin layer and are transparent. An oxide is useful as the nano-
particles. However, the nano-particles are not limited to the oxide and any transparent
material having hardness or strength greater than that of the UV-hardened resin and a
thermal expansion coefficient smaller than that of the UV-hardened resin can be used
as the nano-particles. It is preferable that the nano-particles 20 are selected from the
group consisting of SiOz, TiO2 and PMMA.

The base film 15 is approximately 20 through 30mm in height and the UV-hardened
resin layer 12 is approximately 10 through 50mm in height. While the smaller the size
(or diameter) of the nano-particles 20, the better, it is preferable that the size (or d
iameter) of the nano-particles 20 dispersed in the UV-hardened resin layer 12 is ap-
proximately 40 through 400nm.

Nano-particles having a size less than 40nm are too small and expensive because
they are difficult to manufacture. On the other hand, nano-particles having a size
greater than 400nm approximate the wavelength of visible ray input thereto so that
light scattering occurs to affect optical efficiency.

The nano-particles 20 dispersed in the UV-hardened resin layer 12 obstruct
dislocation occurring when the UV-hardened resin layer 12 is expanded or contracted,
and thus the hardness of the UV-hardened resin layer 12 is increased and the thermal
expansion coefficient of the UV-hardened resin layer 12 is decreased, compared with
original coefficient causing contraction.

Accordingly, the thermal expansion coefficient of the UV-hardened resin layer 12
having the hardness improved by an increase in elastic modulus and yield strength
caused by the nano-particles 20 dispersed therein becomes similar to the thermal
expansion coefficient of the base film 15 so that the UV-hardened resin layer 12 and
the base film 15 are combined with each other in harmony at the interface 19. As a
result, the optical film 10 can be prevented from being distorted or deformed and the

hardness, strength and scratch-resistance of the fine pattern of the UV-hardened resin
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layer 12 can be improved.

The UV-hardened resin layer 12 can use an oligomer resin composition hardened in
flexible state. The oligomer resin composition includes acrylate, epoxy and urethane as
a main ingredient, and a methacrylate or acrylate-based composition is preferable.

The nano-particles 20 dispersed in the UV-hardened resin layer 12 are pho-
topolymerized with the polymer forming the resin layer 12 and reduce contraction of
the resin layer 12 when the resin layer 12 is thermally expanded and then contracted
according to a temperature variation.

The size of the nano-particles 20 dispersed in the UV-hardened resin layer 12 is
much less than the wavelength of light transmitting the optical film, and thus the
optical characteristics of the optical film are not varied while the light passes through
the UV-hardened resin layer 12 and the base film 15 of the optical film 10 and the
optical film 10 normally performs a light-condensing function.

When the size order of the nano-particles 20 is increased, the optical film can
function as a diffusion sheet. This is because when nano-particles having a size much
larger than 400nm are dispersed in the UV-hardened resin layer 12, light scatters and
diffuses when passing through the UV-hardened resin layer 12 since the wavelength of
light, generally used, is greater than 400nm and less than 800nm.

Accordingly, to use the optical film as a light-condensing sheet, the size of the
nano-particles 20 dispersed in the UV-hardened resin layer 12 must be restricted to less
than 400nm in consideration of the wavelength of light.

Industrial Applicability

Accordingly, the transparent nano-particles 20 having a size in a restricted range are
uniformly dispersed in the UV-hardened resin layer 12 to increase the elastic modulus
and yield strength of the UV-hardened resin layer 12 to improve the hardness of the
UV-hardened resin layer and approximate the thermal expansion coefficient of the
UV-hardened resin layer to the thermal expansion coefficient of the base film 15.
Therefore, it is possible to remarkably alleviate or remove distortion, warping and de-
formation occurring at the interface between the UV-hardened resin layer 12 and the
base film 15 due to a thermal expansion coefficient difference between the UV-
hardened resin layer and the base film when the UV-hardened resin layer and the base
film are contracted.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the

following claims.
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Claims
An optical film comprising:
a transparent base film;
a UV-hardened resin layer formed on the base film; and
transparent nano-particles dispersed in the UV-hardened resin layer to reinforce
the hardness of the UV-hardened resin layer.
The optical film according to claim 1, wherein the nano-particles are made of a
transparent material having hardness or strength greater than that of the UV-
hardened resin layer and a thermal expansion coefficient smaller than that of the
UV-hardened resin layer.
The optical film according to claim 1, wherein the nano-particles are selected
from an oxide including SiO2 and TiO2 and PMMA.
The optical film according to claim 1, wherein the nano-particles are 40nm
through 400nm in size or diameter
The optical film according to claim 1, wherein the base film is selected from the
group consisting of acrylate, polycarbonate, polyester, poly vinyl chloride, and

the UV-hardened resin layer is made of an acrylate-based UV-hardened resin.
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