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(57) Abstract: Lenticular lens (1) comprising an array of elongate lenticular elements (2) extending parallel to one another, the array
comprising a first edge(3a) and a second edge (3b) extending parallel to the elongate lenticular elements (2); and a central line (4) that
is centered between the first edge (3a) and the second edge (3b); characterized in that the focal length of the lenticular elements (2)
gradually decreases from the first edge (3a) of the array towards the central line (4) as well as from the second edge (3b) of the array
towards the central line (4). This improves the angular performance of the lenticular lens so that at short viewing distances the image

quality near the edges of the display is not impaired.
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[0003]

Title of Invention: Lenticular Lens with a Gradient

Technical Field

The invention relates to a lenticular lens and to an autostereoscopic display device
comprising such lenticular lens.
Background Art

Autostereoscopic displays have attracted great attention in the last two decades. In
one approach, a display having rows and columns of pixels is integrated with a
lenticular lens stack. Such stack is typically formed by an array of semi-cylindrical
micro-lenses commonly designated as lenticular elements or lenticulars (the array is
then often indicated as a lenticular lens or a lenticular device). Each lenticular is then
associated with a group of at least two columns of pixels that extend parallel with the
lens, or under an angle thereto. The focusing effect of each lenticular makes it possible
to direct the output from different pixel columns to different spatial positions in front
of the display. This allows the emittance of images specifically intended for the left
eye and of images specifically intended for the right eye, which makes it possible that a
stereoscopic image is perceived by a viewer.

Generally, when a display is viewed by a viewer in front of the display, the viewing
angle is not the same for each position on the display. For many displays this does not
affect the image quality of the display. However, for autostereoscopic displays that are
based on a lenticular lens, problems are encountered by variations in the viewing
angle. This is because the focus of a lenticular element does not move in one and same
plane when the angle of incident (and egressing) light rays varies. This means that the
focus does not coincide with the plane of the pixel display over the entire range of
viewing angles, as is illustrated in Figure 1. Generally, at smaller viewing angles (i.e.
with larger deviations from the normal to the display), the focus moves to a position
between the pixel display and the lenticular lens (i.e. closer to the lens). This effect is
small at large viewing distances from the display since light rays are almost parallel,
leading to a small variation in viewing angles. At short distances, however, viewing
angles with the edges of the display exhibit a great deviation from the normal of the
display. A viewer will then experience an inferior image quality, and in particular an
increased crosstalk (i.e. light that is specifically intended for one of the eyes is

observed by the other eye).
Summary of Invention
Technical Problem
Solution to Problem
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Technical Solution

[0004] It is therefore an objective of the invention to provide an autostereoscopic display
with an improved angular performance, so that at short viewing distances the image
quality near the edges of the display is not impaired (or at least less impaired than is
the case with longer viewing distances). In particular, it is an objective that there is no
increased crosstalk in such case.

[0005] It has now been found that one or more of these objectives can be reached by a
particular design of the lenticular lens.

[0006]  Accordingly, the present invention relates to a lenticular lens for use in an au-
tostereoscopic display device, the lens comprising an array of elongate lenticular

elements extending parallel to one another, the array comprising

[0007]  -afirst edge and a second edge extending parallel to the elongate lenticular elements;
[0008] -a central line that is centered between the first edge and the second edge;

[0009]  wherein the elongate lenticular elements have

[0010] -a length, which is the distance between their two ends;

[0011] -a middle, which is centered between the two ends;

[0012]  -afocal length, which allows the elements to converge or diverge light;

[0013]  characterized in that the focal length of the lenticular elements gradually decreases

from the first edge of the array towards the central line as well as from the second edge
of the array towards the central line.
Advantageous Effects of Invention
Brief Description of Drawings
Description of Drawings

[0014]  Figure 1 is a cross-sectional view of how light travels under different angles through
a lenticular element known in the art.

[0015] Figure 2 is a cross-sectional view of a lenticular lens in accordance with the
invention, which is incorporated in an autostereoscopic display device.

[0016] Figure 3 is a cross-sectional view of a lenticular lens in accordance with the

invention, which has a gradient in the curvature of the lenticular elements.
Mode for the Invention
Mode for Invention

[0017]  In the present description, a decrease or increase of a particular quantity such as focal
length, refractive index or curvature, as a function of position on the array of elongate
lenticular elements is typically of a gradual (i.e. stepwise) nature. This is because such
quantity is constant for a single lenticular element but varies for subsequent lenticular
elements, e.g. within particular set of adjacent lenticular elements, each subsequent

lenticular element has a slighty increased or decreased focal length, refractive index or
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[0018]

[0019]

[0020]
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[0022]

[0023]

[0024]

curvature. The word gradual(ly) is used throughout this description to express such
increase or decrease.

Elements in the figures are illustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions of some of the elements in
the figures may be exaggerated relative to other elements to help improve under-
standing of the optical effects of the present invention, and provide a clear distinction
from lenticular lenses known in the art. Furthermore, the terms “first”, “second”, and
the like herein, if any, are generally used for distinguishing between similar elements
and not necessarily for describing a sequential order.

An elongate lenticular element in a lenticular lens of the invention has a length,
which is the distance between its two ends. Centered between both ends is the middle
of the element.

In a lenticular lens of the invention, the elongate lenticular elements are stacked
parallel to each other to thereby form an array of such elements. Typically, the two
most remote elements (i.e. those that have a neighboring element at only one of their
sides) form an edge of the array. Therefore, the array has a first edge and a second
edge which extend parallel to the elongate lenticular elements. For the purpose of the
present invention, the terms “the first edge” and “the second edge” of the array may
also be used to indicate the corresponding edges of the lenticular lens.

Other edges of the array are defined by the ends of all lenticular elements that are
present between the first edge and a second edge. Usually, these other edges are a third
edge and a fourth edge that are perpendicular to the first edge and the second edge.

Whereas the first edge and the second edge are straight because the lenticular
elements are straight, the third edge and the fourth edge may be curved or straight.
When all lenticular elements are of the same length and aligned, the third edge and the
fourth edge are straight. In this case, the array (and thus also the lenticular lens) is of a
rectangular shape. When neighboring lenticular elements exhibit a gradual variation in
their lengths, then the third edge and the fourth edge may be curved edges.

Besides the first edge and the second edge of the array, there is also defined a central
line that is centered between these edges, i.e. it runs parallel to these edges. This line
typically coincides with one of the symmetry axes of the array when the array is
rectangular, and is right in front of a viewer who is viewing the lens in the center of the
field of view of the lens (when the lens is present in an autostereoscopic display
device). The middle point of this line then coincides with the center of the array.

In a lenticular lens according to the invention, the focal length of the different
lenticular elements is not the same along any straight line that runs from the center of
the array to the first edge of the array or to the second edge of the array. Assuming that

the preferred viewer position, when projected on the lens, lies somewhere at the central
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[0025]

[0026]

[0027]

[0028]

line (and preferably at the center point thereof), the lenticular lens is designed in such
way that the focal length of the lenticular elements gradually decreases from the first
edge of the array towards the central line as well as from the second edge of the array
towards the central line. The function of this gradual decrease is to eliminate negative
effects on the image quality due to the smaller viewing angles that occur near the edges
of the lenticular lens — when the lens is part of an autostereoscopic display device.

Figure 1 is a cross-section of a lenticular element with therein two groups of light
rays that deflect according to the optical design of the lenticular element. Each group
egresses from a different part of the lenticular surface and each ray egresses per-
pendicular to the lenticular surface. The rays of the first group (dotted lines) egress
normal to the main plane of the array of lenticulars, while the rays of the second group
(continuous lines) are oblique with respect to the main plane of the array (small
viewing angle). Figure 1 demonstrates that the focal point for either group of rays is at
a different distance from the lenticular surface, as is illustrated by the dotted arrow and
the continuous arrow at the bottom the figure. More generally, the focal point follows
the curve drawn in Figure 1 when the egression angle changes from normal to oblique.

Figure 2 is a cross-sectional view of a lenticular lens (1) in accordance with the
invention, wherein the lenticular lens (1) is part of an autostereoscopic display device
(5). At the left of the lenticular lens (1), a liquid crystal composition (6) is sandwiched
between the lenticular lens (1) and a transparent cover plate (7). At the right of the
lenticular lens (1), a pixelated display panel (8) is present. Again, two groups of light
rays are drawn. The upper group egresses from the lenticular element (2) under an
angle that is normal to the cover plate (7). This situation corresponds to a viewer who
is positioned right in front of the particular lenticular element (2). The focal point of
this lenticular element (2) coincides with the plane of the pixelated display panel (8),
and equals the lenticular thickness (9), which term will be further explained below.
The lower group of rays egresses from the lenticular element (2) under an oblique
angle to the cover plate (7). This situation corresponds to a viewer who is looking at
the lenticular element (2) under a small viewing angle. The focal point of this
lenticular element (2) coincides with the plane of the pixelated display panel (8), but is
longer than the lenticular thickness (9) because the light travels a longer distance from
the pixelated display panel (8) to the lens (1).

In principle, any subsequent element may have a gradually different focal length
when moving from the edges to the center of the lenticular lens. Usually, however, the
elements that are close to the central line do not have a gradient in the focal length, or
at least not a significant gradient, because the angles under which they are viewed lie
still close to the normal to the lenticular lens.

Thus, in a lenticular lens according to the invention, the gradual decrease of the focal
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length may be present in only a part of the distance from the first edge of the array to
the central line and in only a part of the distance from the second edge of the array to
the central line. In such case, the gradual decrease is highest at each of the edges and
reaches zero at a particular lenticular element that is present between the respective end
and the central line (between that particular element and the central line, there is then
no gradient in focal length). The lenticular element that forms the border between the
presence and the absence of a gradient may be located at a distance from the respective
edge of between 5 and 75 % of the distance from the respective edge to the central line,
in particular between 10 and 50 %, more in particular between 15 and 40 %.

Usually, each elongate lenticular element as such has a focal length that is constant
over its entire length. In particular cases, however, the lenticular elements, inde-
pendently of one another, may have a focal length that gradually decreases or increases
from the ends of the lenticular elements towards their middle. The advantage of such
gradient is also an improved angular performance of the lenticular lens. Moreover, it
provides a reduction of the visibility of the black matrix under different angles, leading
to less moir€ effects.

There are different ways to achieve the gradual decrease of the focal length from the
first edge of the array towards the central line and from the second edge of the array
towards the central line. It may for example be the result of a gradient in the refractive
index of subsequent lenticular elements, i.e. subsequent elements have a different re-
fractive index. The extremities between which the refractive index varies in a gradual
manner may be expressed by the ratio of both extremities. For example, the ratio of the
refractive index of a lenticular element at an edge of the array and the refractive index
of a lenticular element at the central line of the array is in the range of 0.50 to 0.99.
The ratio is in particular in the range of 0.65 to 0.97, more in particular in the range of
0.75 to 0.95.

The gradual decrease of the focal length may also be the result of a gradient in the
curvature of subsequent lenticular elements, i.e. subsequent elements have a different
shape. This is illustrated in the cross-sectional view of Figure 3, displaying a con-
ventional lenticular lens (bottom picture) and a lenticular lens (1) according to the
invention (top picture). The lenticular lens (1) according to the invention comprises an
array of elongate lenticular elements (2). The array has a first edge (3a) and a second
edge (3b), between which all the elongate lenticular elements (2) are present. A central
line (4) is present in the array, which is centered between the first edge (3a) and the
second edge (3b) of the array. Figure 3 demonstrates that in a lenticular lens (1)
according to the invention, the height of subsequent lenticular elements (2) decreases
from the central line (4) towards the edges (3a, 3b). As a result, the focal length of

subsequent lenticular elements (2) decreases from the edges (3a, 3b) of the lenticular
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lens (1) towards its central line (4). In contrast, the lenticular elements in the con-
ventional lenticular lens have equal heights and therefore no gradient in focal length is
present in such lens.

Yet another method to achieve the gradient in focal length concerns the application
of alayer of a different material onto a conventional lenticular lens (i.e. one wherein
each lenticular element has the same focal length). The layer is then applied with a
thickness that varies from one lenticular element to another. In this way, a gradual
decrease or increase of the thickness can be implemented for each subsequent
lenticular element, i.e. from the element at the first edge of the array towards the
central line as well as from the element at the second edge of the array towards the
central line. Such layer may have a refractive index that is different from that of the
lenticular lens and so generate a gradient in the focal length.

Thus, in a lenticular lens of the invention, the lenticular elements may comprise
lenticular support elements that are covered with a layer of a second material that has a
refractive index that is different from that of the lenticular support elements, wherein
the thickness of the layer gradually decreases or increases for each subsequent
lenticular element from the first edge of the array towards the central line as well as
from the second edge of the array towards the central line.

This function of an additional layer on the lenticular lens may be combined with
another function of such layer, which is the function of aligning liquid crystal
molecules in a liquid crystal composition. The material of the layer may therefore also
have liquid crystal alignment properties. For example, the material is a polyimide.

Alternatively, a layer with a thickness that varies for different lenticular elements
may be of the same material as the lenticular lens and solely function as a modifier of
the lens curvature. Such material may e.g. be printed on top of the lenticular surface of
the lenticular lens, to thereby yield a lenticular surface with a gradient in curvature of
the lenticular elements.

The invention further relates to an autostereoscopic display device comprising

-a display panel having an array of display pixel elements for producing a display
output; and

-a lenticular lens as described hereinabove which is provided over the display panel
in a way wherein it can transmit the display output;

wherein the autostereoscopic display device has a lenticular thickness that is defined
as the distance between the apex of the lenticular elements and the pixels of the display
panel (i.e. measured perpendicular to the elements and the display panel).

Usually, the lenticular lens in such display device is of a rectangular shape (including
a square shape), but a shape with a curved third edge and a curved fourth edge is in

principle also possible. In any case, however, it is preferred that the direction of the
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lenticular elements is such that viewing of the display by a viewer occurs with the
lenticular elements extending perpendicular to the imaginative line that connects both
eyes of a viewer. The reason for this is that the gradual change of the focal length of
subsequent lenticular elements is preferably equal in all mutually opposite directions
from the center of the display. A viewer that is centered to the display then experiences
from e.g. each corner of the display the same gradual change in focal length and thus
the same image quality. For a display device that is oriented in vertical position to suit
a viewer that is also in a vertical position (or is at least in a position wherein the
imaginative line that connects both viewer’s eyes is horizontal), this requires that the
lenticular elements are directed vertically when the device is viewed at, and are not
slanted (although columns of pixels may indeed be slanted with respect to the vertical
lenticular elements).

A lenticular element has an apex, which is the highest point of the lenticular element
relative to the base of the lenticular lens in case the lens is of a convex shape.
Conversely, the apex is the lowest point of the lenticular element in case the lens is of a
concave shape. Given the elongated nature of the lenticular elements, the apex is in
fact a line that extends in the longitudinal direction of the lenticular element.

In an autostereoscopic display device of the invention, the presence of the lenticular
lens over the display panel inherently has the effect that the apex of the lenticular
elements is at a certain distance from the pixels of the display panel. This distance may
be considered as the thickness of the packing that is present on the pixels, wherein at
least part of this packing is formed by the lenticular lens. For the purpose of the
invention, this distance is characterized as the “lenticular thickness”. This is illustrated
in Figure 2.

When the viewing angle is large (i.e. there is only a small deviation from the normal
to the display), the focal length of the lenticulars is ideally equal to the lenticular
thickness. At smaller viewing angles, however, the focal length of the lenticulars has to
be longer than the lenticular thickness, because the light travels a longer distance from
the pixel to the apex than the lenticular thickness. This means that in such cases the
focal point of the lenticular element has to fall behind the plane of the pixels to
compensate for the longer travel distance. This is illustrated by the curve that crosses
the display panel in Figure 2; it falls behind the display panel for large viewing angles,
and coincides with the display panel at a smaller viewing angle.

It is hard to make general statements about the absolute values for ranges wherein the
focal length gradually decreases, because they are highly dependent on the design pa-
rameters of the autostereoscopic display device in which the lenticular lens is in-
corporated. In a relative manner, however, it can be stated that the shortest focal length

in the array (which is present at its central line) equals the lenticular thickness, and that
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the longest focal length in the array (which is present at its edges) is at least 1.05 times
the lenticular thickness, for example at least 1.10 times, at least 1.20 times, at least

1.30 times, at least 1.40 times or at least 1.50 times the lenticular thickness. Usually, it
is in the range of 1.1-1.6 times the lenticular thickness, in particular it is in the range of
1.2—1.5 times the lenticular thickness.

The invention further relates to a method for the manufacture of a lenticular lens,
comprising

-filling a lenticular mold with a heat-curable composition; then

-curing the composition to form the lenticular lens;

characterized in that the curing is performed by applying a temperature gradient, in
particular a temperature gradient from the first edge of the array towards the central
line as well as from the second edge of the array towards the central line.

The invention further relates to a method for the manufacture of a lenticular lens
comprising an array of elongate lenticular elements extending parallel to one another,
the array comprising a first edge and a second edge extending parallel to the elongate
lenticular elements and a central line that is centered between the first edge and the
second edge, the method comprising

-providing a non-gradient lenticular lens wherein the lenticular elements have equal
focal lengths; then

-changing the curvature of the lenticular elements by adding a layer of a certain
material on top of the lenticular elements, wherein the material is the same as the
material of the non-gradient lenticular lens.

The invention further relates to a method for the manufacture of a lenticular lens
comprising an array of elongate lenticular elements extending parallel to one another,
the array comprising a first edge and a second edge extending parallel to the elongate
lenticular elements and a central line that is centered between the first edge and the
second edge, the method comprising

-providing a non-gradient lenticular lens wherein the lenticular elements have equal
focal lengths; then

-changing the curvature of the lenticular elements by removing part of the surface of

the non-gradient lenticular lens.
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Claims

Lenticular lens (1) comprising an array of elongate lenticular elements
(2) extending parallel to one another, the array comprising

-a first edge (3a) and a second edge (3b) extending parallel to the
elongate lenticular elements (2);

-a central line (4) that is centered between the first edge (3a) and the
second edge (3b);

wherein the elongate lenticular elements (2) have

-a length, which is the distance between their two ends;

-a middle, which is centered between the two ends;

-a focal length, which allows the elements to converge or diverge light;
characterized in that

the focal length of the lenticular elements (2) gradually decreases from
the first edge (3a) of the array towards the central line (4) as well as
from the second edge (3b) of the array towards the central line (4).
Lenticular lens (1) according to claim 1, wherein the gradual decrease
of the focal length is present in a part of the distance from the first edge
of the array to the central line and in a part of the distance from the
second edge of the array to the central line, wherein the gradual
decrease is highest at each of the edges and reaches zero at a lenticular
element that is present at a distance from the respective edge of
between 10 and 60 % of the distance from the respective edge to the
central line.

Lenticular lens (1) according to claim 1 or 2, wherein the gradual
decrease of the focal length from the edges of the array towards the
central line is the result of a gradient in the refractive index of
subsequent lenticular elements.

Lenticular lens (1) according to claim 3, wherein the ratio of the re-
fractive index of a lenticular element at an edge of the array and the re-
fractive index of a lenticular element at the central line of the array is in
the range of 0.65-0.99, in particular in the range of 0.75-0.95.
Lenticular lens (1) according to claim 1 or 2, wherein the gradual
decrease of the focal length from the edges of the array towards the
central line is the result of a gradient in the curvature of subsequent
lenticular elements.

Lenticular lens (1) according to claim 1 or 2, wherein the lenticular

elements comprise lenticular support elements that are covered with a
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[Claim 12]

[Claim 13]
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layer of a second material that has a refractive index that is different
from that of the lenticular support elements, wherein the thickness of
the layer gradually decreases or increases for each subsequent lenticular
element from the first edge of the array towards the central line as well
as from the second edge of the array towards the central line.
Lenticular lens (1) according to claim 6, wherein the layer of a second
material has liquid crystal alignment properties.

Lenticular lens (1) according to claim 6 or 7, wherein the second
material is a polyimide.

Lenticular lens (1) according to any one of claims 1-8, wherein the
lenticular elements have a focal length that is constant over the length
of the lenticular elements.

Lenticular lens (1) according to any one of claims 1-8, wherein the
lenticular elements, independently of one another, have a focal length
that gradually decreases from the ends of the lenticular elements
towards their middle.

Autostereoscopic display device (5) comprising

-a display panel (8) having an array of display pixel elements for
producing a display output; and

-a lenticular lens (1) according to any of claims 1-10 provided over the
display panel (8) in a way wherein it can transmit the display output;
wherein the autostereoscopic display device (5) has a lenticular
thickness (9) that is defined as the distance between the apex of the
lenticular elements (2) and the display pixel elements of the display
panel (8).

Autostereoscopic display device (5) according to claim 11, wherein
-the shortest focal length of the lenticular elements in the array equals
the lenticular thickness; and

-the longest focal length of the lenticular elements in the array is in the
range of 1.1-1.5 times the lenticular thickness.

Method for the manufacture of a lenticular lens (1) according to any
one of claims 1-10, comprising

-filling a lenticular mold with a heat-curable composition; then

-curing the composition to form the lenticular lens;

characterized in that the curing is performed by applying a temperature
gradient, in particular a gradient from the first edge of the array towards
the central line as well as from the second edge of the array towards the

central line.
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Method for the manufacture of a lenticular lens (1) according to any
one of claims 1-10, comprising

-providing a non-gradient lenticular lens wherein the lenticular
elements have equal focal lengths; then

-changing the curvature of the lenticular elements by adding a layer of
a certain material on top of the lenticular elements, wherein the material
is the same as the material of the non-gradient lenticular lens.

Method for the manufacture of a lenticular lens (1) according to any
one of claims 1-10, comprising

-providing a non-gradient lenticular lens wherein the lenticular
elements have equal focal lengths; then

-changing the curvature of the lenticular elements by removing part of

the surface of the non-gradient lenticular lens.
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