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57 ABSTRACT

A light control device is disclosed that includes a two film
construction, each film having a plurality of light reflecting
regions. For example, the light absorbing elements can be a
series of grooves or column-like indentations in the films that
are filled or coated with a light reflecting material having a
lower index of refraction than that of the films. The two films
can be adjacently disposed so that their respective light
reflecting regions form a plurality of light reflecting elements
that extend along the thickness direction of the device.

755 750
g

10—

i 700

715

705 ——

structure

710 ——t——




Patent Application Publication = Mar. 19, 2009 Sheet 1 of 11 US 2009/0073570 A1

160

- 150
\ 100
130 f“/

AASHITITHIHHIITAMT Al it T T T Tl iR aaa.

N /W/////////W////

110\

m\%Z%&%%%QZQZ%%%%%V/

130
AU NSNS B YN NN NSNS NSNS NSNS SN ROAINYSSNNNSN

VOSSOV IV IO DI IO

140

FIG. 1
(PRIOR ART)

4 AL/~250

230
\t\\\\\ SN NN NSNS N NNOSONSIANAI NIRRT IS NN I TS SIS OSSN ’/J

Nz

N

230
\l\\\\ AN NUONN NN S S NSNS NSNS IS SOSOSONNIONOSOSNNSESSSS

(;)
240

FIG. 2
(PRIOR ART)



Patent Application Publication = Mar. 19, 2009 Sheet 2 of 11 US 2009/0073570 A1

(]
o
o
Wy
<O
(o8]
<o
o
o
—
e
(o
~
[ap]
]
po

330



Patent Application Publication = Mar. 19, 2009 Sheet 3 of 11 US 2009/0073570 A1

—t— 305

300
/
£IG. 4
33O
FIG 5B

320
3,0 3308
3300
0
3

310

FIG. 5 A

305
330a 330b 330c




US 2009/0073570 A1

Mar. 19,2009 Sheet 4 of 11

Patent Application Publication

600
605

X

Mﬂh,,/////////////VVVVVVVVVVMMMU
\/

\\\\\///\\\

//\/640

///// //////////7777777““%%“““

,,/////////////77/%7%%%%%%%%%

zzzzz //////////777%%%%%%%%%%%

-,//////////////Aﬂﬂﬁﬁ%%”””%%%

////// ////////%777700000000””%

zzzzz //////////Aﬂﬁﬁﬁﬁﬂﬂﬂﬁﬁﬁﬂ

ﬂfz////////////Aﬂﬂﬁﬁﬁﬂﬂﬂﬁﬂwww .

\\\Il/////f‘\\\\\ll}/////l!ll\\\\

FIG. 6



US 2009/0073570 A1

Mar. 19,2009 Sheet S of 11

Patent Application Publication

amjonns

00L

WOT

LR R S P

S0L

S1L

b 0EL.

o et LN

T TSNP AV e,

w......,......\.(.av:at.(»t:..»l.vt\;(.ltt.l;l('l‘l.-cl.l.t.t.l.:).\:\l:l-l-l'l.lrl..)\.l.l‘c.l...,.}L,I't.l,(,.......l.t:\.lf?x. TR D A A A LY % A A b
NP S Ol BASISLSAAS B A A A A A A A S A SIS e A A Ay e S q Tt A ﬁ“ld(“..(dn“{?.
N e T B N MDA MALLOAR LSRRI 00 et v Dy e D S S T T T L e e it e o e - T n o A T
, X e A e A o R Y e e g A e TR v vt tvibvadviis N v R, e A8, i, Necad. 04 ST SN ATT

N A A Dt o e oy o e T T e e o o e e S e A e oA mgo A A o o o i o
G O e e v v v Mot e e e o T e e T eI e T T I Sa T T s
L e S S St T A T A S I TN A A S A L A T A A s St A o ke e ST e T YT AR R N T e ]
T DT, e S T DR o o T S o N IO I e R DTG v P Fe e B Yo, %

TRt Rt g ot e R S g o N N Yt S ™ e e e ™ et ™
M“.(«(X}ﬂ..(-“..(l.( G A R T U U R G A T AT T A U AT o & AT T o o
A e i e s A At A Ty

B e e et N

2T T e

T e M T I W W e  w a w  l wt r  YeY NN UAA UN R A 8 LAY A o A A e g oo e N

>,

N NGNS WA DA DN L

PN S

.
A P dcal N, N.
oy BB PP

4
AN SR AR

T Rt

5T, 3
A P e 22 S0 v S iy B SN A SN N Lyl

v
A L A S

S Dot

AT W RS A R A DA
sy

f
.,.

ol G (LTSI AN
y e SEL

!

DId

SvL

01L



Patent Application Publication = Mar. 19, 2009 Sheet 6 of 11 US 2009/0073570 A1

s P
825~,i““ .FRONTL' 570




Patent Application Publication = Mar. 19, 2009 Sheet 7 of 11 US 2009/0073570 A1

...............................................

Ny FRONT GLASS{~PIASL

i = =~c1 IRy = === gy (=== gl (=== 1 o */805
=™~820

%0
N REAR POLARIZER 910




Patent Application Publication = Mar.

920

910

19,2009 Sheet 8 of 11 US 2009/0073570 A1

920

840

830

|

DIRECTION OF
LIGHT TRAVEL



Patent Application Publication = Mar. 19, 2009 Sheet 9 of 11 US 2009/0073570 A1

FI1G. 10
FIG. 11

1025

‘/////1000

7

1105

1030

/

1030

YV

1015
1015
1020 WE\'

1020
1005



Patent Application Publication = Mar. 19, 2009 Sheet 10 of 11 US 2009/0073570 A1

OPTICAL
RADIATION

44

o VICRO-LENSLET ARRAY

Ponans e Voraa s ¥ v Vo

REFLECTIVE | REFLECTIVE
VETAL LAYER | VETAL LAYER
PKOTOSENSITIVE PHOTOSENSITIVE
FILM SHA R
SUBSTRATE SUBSTRATE
REFLECTIVE
METAL LAYER
PHOTOSENSITIVE
FILW
SUBSTRATE

FIG. 12C



Patent Application Publication

PHOTORESIST
LAYER

/

PHOTOSENSITIVE
FILM

SUBSTRATE

FIG. 13A

PHOTORESIST
_AVER METAL FILM

PHOTOSENSITIVE
FILM

SUBSTRATE

FIG. 13C

Mar. 19, 2009 Sheet 11 of 11

PHOTORESIST

LAYER
\

US 2009/0073570 A1

EXPOSED
PHOTORESIST

PHOTOSENSITIVE
FILM

L] sussTrate
ﬁv ~NCMICRO-LENSLET ARRAY

OPTICAL
RADIATION

FIG. 13B

REFLECTIVE
METAL LAYER

PHOTOSENSITIVE
FILM

SUBSTRATE

FIG. 13D



US 2009/0073570 Al

LIGHT CONTROL DEVICES AND METHODS
OF MAKING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This applicationis a divisional of and claims priority
to U.S. patent application Ser. No. 10/688,785 filed Oct. 17,
2003, which claims the benefit of priority of U.S. Provisional
Application No. 60/419,142 filed on Oct. 17, 2002; both are
hereby incorporated by reference in their entirety herein.

BACKGROUND OF THE INVENTION

[0002] This invention relates to all applications where there
is a requirement in which reflectivity of incident light (visible
through infrared) in one direction and transmissivity in the
opposite direction are simultaneously enhanced. That is, the
sum of the reflectivity of light from one side and the trans-
missivity of light from the other side exceeds 1.0.

[0003] An application of the present invention includes
using the device according to the present invention with any
non-emissive display technology—such as electrochromic,
ferroelectric, ferromagnetic, electromagnetic, and liquid
crystal—where it is desired to use both externally generated
light (ambient) and internally generated light (artificial) such
as a backlight system. The device is a replacement for the
transflective/reflective/transmissive element of the non-emis-
sive displays, where the replaced element is either indepen-
dent of or integral to the internally generated light (backlight
system). Use of this device will allow brightness contribu-
tions simultaneously from artificial light and ambient light
such that systems will see a significant decrease in power
usage. In systems where a battery is used for some or all of the
power supply, battery life can be increased by as much as
174%.

DESCRIPTION OF PRIOR ART

[0004] Non-emissive displays, particularly liquid crystal
displays, include either reflective displays or surface light
source displays (i.e., transmissive displays), commonly
denoted backlit displays. [llustrated in FIG. 1 is a conven-
tional reflective display 100. The conventional reflective dis-
play 100 includes a liquid crystal suspension 110 sandwiched
between glass plates 120, which are sandwiched between
polarizers 130. The glass plates 120 can include color filters,
common electrodes, TFT matrix, or other components. The
conventional reflective display 100 further includes a reflec-
tive layer 140 positioned at the bottom of the stack to redirect
light back through the other display elements. In operation,
light 150 from an ambient source (e.g., sunlight, artificial
light (office lighting)) or light 150 from a light source 160
attached to the top of the stack enters the reflective display
100, passes through the polarizers 130, the glass plates 120,
and the liquid crystal suspension 140, and is redirected from
the reflective film 150 back through the same layers to pro-
duce an image. This display 100 creates an image with avail-
able ambient light is limited by the available light. This dis-
play 100 is not very effective in producing high quality
graphic images and severely limits the quality of color images
in a variety of conditions.

[0005] Illustrated in FIG. 2 is a conventional backlit display
200. The conventional backlit display 200 includes a liquid
crystal suspension 210 sandwiched between glass plates 220,
which are sandwiched between polarizers 230. The glass
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plates 220 can include color filters, common electrodes, TFT
matrix, or other components. The conventional backlit dis-
play 200 further includes a backlight 240 positioned at the
bottom of the stack to produce light 250 and direct it through
the layers in the stack. Since this device 200 produces an
image with artificial light, it is somewhat limited by the
amount of ambient light and, in displays where a battery is
used some or all of the time to generate power, the battery life.
When ambient light is present, glare is created by light
reflecting off the various layers, as described above, without
passing through all the layers in the stack. To overcome this
glare and to produce an image that is palatable to a user, the
backlight gain should be increased to produce more usable
light, i.e. more light passing through the layers in the stack.
This increase in artificial light can cause an added drain on the
battery and, thus, reduces the usability of the system to which
the display is attached. As ambient light increases, glare
increases and, thus, at some point, the backlight becomes
ineffective in producing a palatable image.

[0006] Previous attempts to use simultaneously the ambi-
ent light and a backlight have resulted in applications that
compromise both the transmissive qualities and the reflective
qualities ofthe display. Hochstrate, in U.S. Pat. No. 4,196,973
discloses the use of a transtlector for this purpose. Weber, in
U.S. Pat. No. 5,686,979, discloses the limitations of the trans-
flector for this purpose and alternatively proposes a switch-
able window that at one time is wholly transmissive and at
another time is wholly reflective.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advantages of
the present invention will become better understood with
regard to the following description, appended claims, and
accompanying drawings where:

[0008] FIG.1 (priorart) is a diagram showing the operation
of'a conventional reflective display;

[0009] FIG. 2 (prior art) is a diagram showing the operation
of'a conventional backlight display;

[0010] FIG. 3 illustrates a cross-sectional view of one
embodiment of a device 300 having reflective and transmis-
sive properties;

[0011] FIG. 4 illustrates a perspective view of one embodi-
ment of the device 300;

[0012] FIG. 5A illustrates a bottom view of FIG. 4;
[0013] FIG. 5B illustrates another embodiment of a bottom
view of FIG. 4;

[0014] FIG. 6 illustrates a cross-sectional view of another

embodiment of a device 600 having reflective and transmis-
sive properties;

[0015] FIG. 7 illustrates a cross-sectional view of one
embodiment of an LCD display stack 700 utilizing a device
705 having reflective and transmissive properties;

[0016] FIG. 8 illustrates a cross-sectional view of one
embodiment of an LCD display stack 800 including a reflect-
ing layer 805 that is separated from a wave-guide layer 810;
[0017] FIG.9A illustrates a cross-sectional view of another
embodiment of an LCD display stack 900 including a reflect-
ing layer 805 that is separated from a wave-guide layer 810;
[0018] FIG. 9B illustrates a computer model of the wave-
guide layer 810 in use and its effect on light as it passes
through the reflecting structures 830 and exit control reflect-
ing structures 910;

[0019] FIG. 10 illustrates a cross-sectional view of one
embodiment of a collimating device 1000;
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[0020] FIG. 11 illustrates a cross-sectional view of another
embodiment of collimating device 1100 that also has reflec-
tive properties;

[0021] FIG. 12 illustrates a first process for making devices
discussed herein by forming the desired reflecting structures
in a photosensitive film; and

[0022] FIG. 13 illustrates a second process for making
devices discussed herein by forming the desired reflecting
structures in a photosensitive film.

DETAILED DESCRIPTION OF THE INVENTION

[0023] A device having reflective and transmissive proper-
ties can include (i) means for transmitting light arriving from
a first direction and emanating from a first, independent
source; and (ii) means for reflecting light arriving from a
second direction and emanating from a second, independent
source, wherein the sum of the percentage of light being
transmitted relative to the amount of light coming from said
first direction and the percentage of light being reflected
relative to the amount of light coming from said second
direction, is greater than 100 percent.

[0024] The term “light”, as used herein encompasses elec-
tromagnetic radiation with wavelengths corresponding to vis-
ible through infrared. The present invention is, however,
applicable to any electromagnetic radiation that is capable of
being reflected or refracted, subject to the ability to create
structures of a size and a material to do so. Specifically, the
present invention can find applicability in the radio, radar,
microwave, infrared, visible, ultraviolet, x-ray and gamma
forms ofradiation. Also, the present invention can have appli-
cability in other forms of energy.

[0025] R,=reflectivity from one side

[0026] T,=transmissivity from one side

[0027] A, =absorptivity from one side

[0028] R,=reflectivity from the other side

[0029] T,=transmissivity from the other side

[0030] A,=absorptive from the other side

[0031] From the conservation of energy: R,;+T,+A ;=1 and
R,+T,+A,=1

[0032] In the prior art of transflectors, R=R=R,; T=T,=T,;

and A=A=A,. It follows that in the prior designs, R+T=1
when A=0. Even where prior art claims to overcome the limit
of transflectors and where the disclosed transflector is meant
to channel or direct light, no overall transmittance or reflec-
tance is shown so that any possible gain cannot be determined
and is not apparent.

[0033] In this art, the value of the reflectance on one side of
the film is significantly decoupled from the value of the
reflectance on the other side, and the value of the transmis-
sivity on one side is significantly decoupled from the value of
the transmissivity on the other side. This newly disclosed film
allows R;=R,, T,=T,, and A;=A,. A specific embodiment
will be shown below in which T, R,, A, and A, are small. It
follows that R,+T,>1. This disclosed film multiplies the
transflecting effect. In the theoretical limit, for this non-emis-
sive version of the film, T,=R,=A =A,=0. Then R, +T,=2.
[0034] As used herein, a device having reflective and trans-
missive properties is capable of transmitting and reflecting
light. The sum of the percent of light capable of being
reflected, plus the sum of light capable of being transmitted,
will be greater than 100 percent.

[0035] FIG. 3 illustrates a cross-sectional view of one
embodiment of a device 300 having reflective and transmis-
sive properties. In one embodiment, the device 300 includes
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transmitting means such as a transparent material or substrate
305 having a first surface 310 and an opposing, second sur-
face 320. The device 300 can further include reflecting means
such as a plurality of reflective structures 330 positioned
within the transparent substrate 305. One example of a device
having reflective and transmissive properties is described and
illustrated in U.S. Pat. No. 6,473,220 owned by Trivium Tech-
nologies, Inc., which is hereby incorporated by reference in
its entirety herein.

[0036] For purposes of the present application, the terms
“reflective or reflection” as used herein, when discussing light
striking the body of the structure, also include “refractive or
refraction” where the difference in the index of refraction of
the materials, along with the angle of incidence, results in
substantial or near total reflection of the light striking the
structure. As used in this application, the term “structure” as
used herein refers to the shape of the element refracting or
reflecting light. The structure may be a physically separate
item mounted on or in the transmissive material, it may be
formed or represent a groove or indentation that has been cut
into the transmitting material, or it may be the end result of
treatment of portions of the transmissive material such that a
shape having a different index of refraction is formed. Where
the transmissive material is a gas or vacuum, the structure is
mounted “in” the material by means of a grid, wire, filament
or other such device, with the grid representing a surface of
the transflector.

[0037] Illustrated in FIG. 4 is a partial cutout perspective
view of a device 300 which has a light receiving side 310 (or
light transmissive side) and a light reflecting underside 320.
The example shows three light reflecting structures 330a,
3305, 330c¢ that are positioned side by side, but spaced apart
a selected dimension as described above. A view from the
under side 320 is shown in FIG. 5A. In this embodiment, the
reflective structures 330a-c have a shape that decrease in size
towards the transmissive side 310 and increase in size towards
the reflective underside 320. Although a triangular shape is
shown, any shape may be used which is generally smaller at
the light transmissive side 310 than at the light reflective side
320. It will be appreciated that the sidewalls of the reflective
structure 330a-c may or may not be smooth based on a desired
effect and manufacturing tolerances. Each structure 330a-c
has an elongated body that can extend the length of the device
300 or a sub-portion thereof. For example, FIG. 5B shows an
embodiment where the reflective structures 330 are formed or
deposited within the transmissive substrate 305 as smaller
units uniformly distributed and oriented in the device 300.
Each structure 330 is shown having a square base adjacent the
reflective side 320, however, any desired shape may be used
as the base and the structures 330 may be oriented in any
desired pattern including a random pattern. It will be appre-
ciated that dimensions in all illustrative figures are not to
scale.

[0038] In one embodiment, the cross-section of the reflec-
tive structures 330 is triangular shaped each having a base 340
and a pair of sidewalls 350. Each sidewall 350 is at an angle
relative to the base 340. In one embodiment, the base 340 is
associated with a reflective layer. The angle may be between
about 83 degrees and less than 90 degrees. If collimating film
is used in conjunction with the device, then the angle may be
between about 76 degrees and less than 90 degrees. In one
embodiment, the width of the base may be between about 2.
and 200p. The base of each structure may be separated by a
distance between about 1. and about 100u. In one embodi-
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ment, the structures may have a aspect ratio (i.e., the ratio of
the height to the base) of between about 2 and about 22.

[0039] The performance of the device 300 can be varied by
adjusting various factors such as the aspect ratio (i.e., the ratio
of the height to the base) of the reflecting structures 330, the
spacing between the reflecting structures 330, and the mate-
rials used to construct the device. These factors can deter-
mine: (1) the allowable incident angle of the energy entering
the device from one direction (transmissive), (2) the propor-
tion of energy transmitted from that direction, (3) the propor-
tion of energy reflected by the opposite side of the device, (4)
the distribution of energy emerging from the element, and (5)
the percentage of energy lost to internal absorption or scat-
tering. The aspect ratio of the reflecting structures 330 can
determine the relationship between the specific angle at
which the transmitted light enters the device and the angle at
which the transmitted light emerges from the device. The
spacing between the reflecting structures 330 can determine
the proportion of light reflected by the device (from the reflec-
tive side) and the distribution of transmitted light (from the
transmissive side). By increasing the spacing between the
reflecting structures 330, a smaller proportion of light is redi-
rected from the transmissive side while reflection of light
from the opposite direction is reduced. Conversely, by
decreasing the spacing between the reflecting structures 330,
a greater proportion of the transmitted light will be redirected
while a larger proportion of the light from the opposite direc-
tion will be reflected.

[0040] The cross-section of the reflecting structures 330
(and any other reflecting structure described herein) may
assume the shape of any polygon that may be arranged in a
variety of patterns. In one embodiment, the cross-section of
the reflective structures 330 is a triangle where the base of the
triangle is situated adjacent to the second surface and the apex
(i.e., tip) of the triangle is situated closer to the first surface of
the transparent substrate 305. It will be appreciated that the
structures may be replaced by a series of discrete objects such
as pyramids, cones, or any polyhedron, and likewise may be
arranged in a variety of patterns or randomly.

[0041] The reflecting structures 330 (and any other reflect-
ing structure described herein) may be repeated in parallel
and spaced across the area of the transparent substrate 305.
For example, the reflecting structures 330 can be arranged in
triangular cross-sectional rows within the transparent sub-
strate 305. The reflecting structures 330 (and any other
reflecting structure described herein) may be arranged in
varying shapes, heights, angles, or spacing before a pattern is
repeated. Furthermore, the aspect ratio and shape of the struc-
tures or discrete objects may vary periodically. By periodic, it
is meant that structures eventually repeat. For example, in the
case where there are three structures, first consider structure
one and structure two. The structures may have different
aspect ratios or shapes and be different distances from the
surface of the device. In addition, the distance between struc-
tures one and two may not be the same as between structures
two and three. However, structures four, five and six repeat
the distribution of structures one, two and three. Thus, even-
tually, the structures repeat and there can be long-range order
or periodicity. Varying the size, shape, and distance between
structures may be used to eliminate diffraction patterns due to
its ability to disrupt short-range periodicity. Varying the size,
shape, and distance between structures may also eliminate
diffraction patterns from causing distortions in larger dis-
plays greater than five inches in diagonal.
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[0042] In one embodiment, the cross-section of a single
reflecting structure 330 (and any other reflecting structure
described herein) is triangular and forms a row that can be
oriented in the transparent substrate 305 such that the base
340 of'the triangle is parallel to and coincident with the plane
of one surface of the transparent substrate 305 of the device
300. However, it will be appreciated that the base of the
reflecting structure (e.g., triangular cross-section) may be
recessed from the plane of the surface of the transparent
substrate of the device such that the reflecting structure is
embedded within the transparent substrate. In this case, the
embedded reflecting structure may be constructed in the fol-
lowing ways: 1) a solid reflective structure made of metal or
another reflective material; ii) a polymer structure (having a
lower index of refraction than the transparent film material)
coated with a reflective material at the base of the structure;
and iii) a solid polymer structure (having a lower index of
refraction than the transparent film material) and a reflective
layer separated from the solid polymer structure yet still
embedded within the transparent film material.

[0043] The discrete faces (e.g., the base 340 and side walls
350) of the reflecting structure 330 (and any other reflecting
structure described herein) may be planar, concave, convex,
or pitted such that light reflecting from any face may be
controlled. In other embodiments, one or more of the discrete
faces of the row of reflecting structures, or discrete shapes,
may be planar, concave, convex, and/or pitted. Additionally,
micro-structures (e.g., pyramids or cones) may be deposited
on the flattened base of each reflecting structure to further
control the direction of reflected energy and to focus the
diffused ambient energy in a forward direction, increasing the
effective reflectivity. Also, anon-flat surface on the base of the
reflecting structure (e.g., concave dimples) can reduce specu-
lar reflections. In one embodiment, the height of the dimples
is between about 0.1y and 1p (u=micron). Additionally, the
base of a triangular cross-sectional reflecting structure may
have different features than the other faces (i.e., the side
walls) of that very same reflecting structure. These features
may include planar, concave, convex, pitted, or dimpled sur-
faces. Furthermore, the discrete faces of each reflecting struc-
ture may converge to form either a sharp point or a radius of
curvature. A radius of curvature applied on the structure’s
reflective coating will eliminate sharp edges. Such edges may
create unwanted diffraction effects in this application. A
radius applied to the edges of the exterior reflective surface
adjacent to the window opening can be used to minimize or
eliminate such diffraction effects.

[0044] The transparent substrate 305 (and any other trans-
parent substrate described herein) can include any light trans-
missive polymer, glass, or other composite material. The
transparent substrate 305 should be highly optically transmis-
sive to visible, ultraviolet, and/or near infrared light between
about 300-2,500 nanometers, stable to ultraviolet light,
impervious to moisture, non-hygroscopic, scratch resistant,
and easy to keep clean, with an appropriately chosen refrac-
tive index to match the other elements of the system in which
it is a part. In one embodiment, the transparent substrate 305
can have specific properties that minimize absorption and
redirection of energy—such as internal scattering. If an adhe-
sive is used to secure the device in an application, the adhesive
should be highly optically transmissive to light between about
300-2,500 nanometers and stable to ultraviolet light.

[0045] By using basic geometry and a rudimentary under-
standing of geometric optics, one skilled in the art can calcu-
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late what aspect ratio and width between structures is neces-
sary to preferably redirect light striking near the tip no more
than twice before exiting. For example, a light ray striking a
triangular row of structures near the tip will have the most
number of redirections before possibly exiting the element. A
geometric plot of the light ray path can be used to derive the
relationships between the various parameters, including the
constraints of the system. The height of the structure will be
determined by several factors, among which is the thickness
of the transparent material. If the requirement of a specific
application is to transmit light through the transflector within
10 degree of perpendicular, then assuming a height, one can
plotor calculate the apex angle. The apex angle and the height
will give the aspect ratio and thus the width of the base of the
structure.

[0046] The general relationship between the aspect ratio of
height to base for the reflecting structures and the spacing
between structures is illustrated in the following examples:

EXAMPLE 1

[0047] A single structure is triangular in cross section and
extends along the full length of the device from one side to the
other. The above structure is repeated at regular intervals such
that one side of the entire body of the device is covered with
the bases of alternating triangular rows and spaces in-be-
tween. If the specific application requirement for the device
calls for approximately 66.6% of the energy from one side
(the reflecting side) is to be reflected and the transmitted
energy from the opposite side is restricted to emerge about 5°,
than the aspect ratio must be a minimum of 11.5:1. The
spacing between the structures in this example will be
approximately halfthe dimension ofthe base of a structure. In
this example, the sum of potentially useful reflected energy
from one side R plus the sum of potentially useful transmitted
energy from the opposite side T is approximately 1.66
(R+T=1.66). This can be restated as 66.6% of the energy
entering the device from the reflective side is reflected and
100% of energy entering the element from the transmissive
side is transmitted (R=66.6% and T=100% so that
R+T=166%).

EXAMPLE 2

[0048] Assume that the structures are the same as in
example 1 and that the specific application requirements call
for maximizing the amount of transmitted energy indepen-
dent of any specific angle of emergence. Also assume that the
energy entering the element from the transmissive side is
uniformly collimated within about 10°. of perpendicular to
the plane of the device. In this example, the requirements are
for reflection of about 80% of the energy in one direction (the
reflecting side) and for transmission of more than 95% of the
energy from the opposite side (the transmitting side). A
device with an aspect ratio of 15:1 will be approximately
96.8% transmissive, assuming a perfectly reflecting material
for the structures. The spacing between the structures is about
one-fourth the dimension of the shaped structures. In this
example, the sum of potentially useful reflected energy from
one side R plus the sum of potentially useful transmitted
energy from the opposite side T is approximately 1.77
(R+T=1.77).

[0049] Illustrated in FIG. 6 is a cross-sectional view of
another embodiment of a device 600 having reflective and
transmissive properties. In this embodiment, the device 600
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includes reflective structures 605 having an aspect ratio of
about 14.3, a spacing between the structures 605 of about
25% of the base width, and the structures 605 evenly spaced
across the body of the device 600. This device can produce a
transmissivity of about 94% of light rays entering the device
600 perpendicular to the plane from the side closest to the
apex (tip) 610 of the structures 640 (transmissive side). Addi-
tionally, the device 600 can provide the additional benefit of
reflecting about 76% of light striking the device 600 from the
opposite direction (reflective side). In this example, about
20% of light entering from the transmissive side can pass
through the device 600 without redirection, about 40% will
pass through the device 600 with a single redirection (4
degrees relative to perpendicular to the plane of the element)
and about 40% of the light will have two redirections (8
degrees relative to perpendicular to the plane of the element).
Accordingly, this embodiment can provide an R+T of up to
1.70.

[0050] Inoperation, light ray 620 can enter the device 600
perpendicular to the plane of the device 600, passes through
the device 600 without striking a structure 605, and can exit
the device 600 without redirection. Light ray 625 can enter the
device 600 perpendicular to the plane of the device 600,
strikes the midpoint of a structure 605, and is minimally
redirected (4 degrees relative to perpendicular to the plane of
the device 600) such that it exits the device 600 without
striking an adjacent structure 605. Light ray 630 can enter the
device 600 perpendicular to the plane of the device 600, strike
astructure 605 near the apex (tip), and is minimally redirected
(4 degrees relative to perpendicular to the plane of the device
600) such that it can strike an adjacent structure 605 near the
base of the structure 605, and is again minimally redirected
(as above) such that the total redirection of the light ray 630 is
8 degrees from the perpendicular to the plane of the device
600 upon exiting the device 600. Light ray 635 can enter the
device 600 at an angle greater than 10 degrees of perpendicu-
lar to the plane of the device 600 and strikes a structure 605
above the midpoint and is minimally redirected (4 degrees
relative to perpendicular to the plane of the device 600). Due
to the increased angle of entry of light ray 635, multiple
redirections occur before the light ray 635 exits the device
600. In this example, seven redirections are necessary for
light ray the 635 to exit the element—the cumulative redirec-
tion is about 28 degrees. Light ray 640 is reflected by a
structure 605 at an angle equal to the angle of incidence. Light
ray 645 can enter the device 600 at a steep angle relative to the
perpendicular to the plane and strikes a structure 605 near the
apex (tip). Due to the cumulative redirection, light ray 645
cannot exit the opposite side of the device 600.

[0051] One application of a device having reflective and
transmissive properties is use a non-emissive display system,
such as a liquid crystal display (LCD), or other device in
which light is directed for the purpose of creating an image.
Ilustrated in FIG. 7 is a cross-sectional view of one embodi-
ment of an LCD 700 utilizing a device 705 having reflective
and transmissive properties. As shown in FIG. 7, an LCD
stack includes a backlight assembly 710 and a liquid crystal
module (LCM), which includes a rear polarizer 715, a liquid
crystal suspension 720, and front polarizer 725. In one
embodiment, the LCM may include a rear glass plate 730
provided in between the rear polarizer 715 and the liquid
crystal suspension 720, and a front glass plate 735 provided in
between the front polarizer 725 and the liquid crystal suspen-
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sion 720. The glass plates 730, 735 can include color filters,
common electrodes, TFT matrix, or other components.
[0052] In one embodiment, the device 705 can be posi-
tioned in between the backlight 710 and the rear polarizer 715
such that its reflective surface faces the LCM and its trans-
mitting surface faces the backlight assembly 710. The device
705 may be a component of the backlight 710, or may be
attached to a component of the remainder of the LCM or
LCD.

[0053] Inoneembodiment, the device 705 can be used in an
LCD stack or any other type of display. For example, the
device 705 can be positioned within the liquid crystal module
itself in three configurations: (1) at the back (surface) of the
rear glass of the liquid crystal module and in front of the
polarizer, (2) at the back (surface) of the rear glass of the
liquid crystal module and behind the polarizer, or (3) inside
the rear glass of the liquid crystal module at the pixel level.
For a two-polarizer liquid crystal display system, only the
second configuration is possible in order for the display to
process the light. For a single polarizer liquid crystal display
system, all three configurations are possible as the display can
process the light.

[0054] A process for manufacturing a liquid crystal module
is disclosed whereby the device 705 is a foil or a component
within or adhered to the existing LCD stack. “Within or
adhered to” includes: (1) at the back (surface) of the rear glass
of'the liquid crystal module and in front of the polarizer, (2) at
the back (surface) of the rear glass of the liquid crystal module
and behind the polarizer, or (3) inside the rear glass of the
liquid crystal module at the pixel level. The LCD manufac-
turing process can be done on a roll-to-roll and/or assembled-
by-layer basis for any of the embodiments described and the
device is an integral part of the stack. The layers of the LCD
stack are produced and/or assembled on a roll-to-roll basis,
and the device is inherent as a part of the glass, pixel, colli-
mator, or polarizer. The device construction is based on lay-
ering functional components onto a liquid crystal module
substrate, allowing the device to be constructed as part of the
overall liquid crystal module manufacturing process. Such
elements may be glued or epoxied to the layered components.
Elements such as 14 wave plate, linear polarizers, collimating
film, brightness enhancement film, polarizer film and light
recycling elements may also be integrated into the liquid
crystal displays or other displays such as, but not limited to, a
color super twisted nematic.

[0055] Inoperation, ambient light ray 740 can pass through
the various layers of polarizers 715, 725, glass plates 730, 735
(if present), and the liquid crystal suspension 720 and can be
redirected by the reflective structures in the device 705 back
through the various layers of the LCM. At the same time,
artificial light ray 745 generated from the backlight assembly
710 can pass through the transparent substrate of the device
705 without striking a reflective structure, and exit the device
700 without redirection. Also, artificial light ray 750 can enter
the device 705 perpendicular to the plane of the device 705,
strike a structure near the apex (tip) and is minimally redi-
rected such that it strikes an adjacent structure near the base of
the structure, and is again minimally redirected as the light
ray 750 exits the device 705.

[0056] As described above, the reflective material may be
provided on the transparent substrate above the reflective
structure, part of the fill for grooves in the transparent sub-
strate, or provided on the base of the reflective structure. In
another embodiment, the device may include two separate
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components: 1) a wave guide layer (which includes the reflec-
tive structures) and 2) areflecting layer having reflective areas
with apertures there between, which is separate from the
wave-guide layer. The reflective areas of the reflecting layer
can be associated with (e.g., lined up with), but separated
from, the base of the reflective structures in the wave-guide
layer. Illustrated in FIG. 8 is a cross-sectional view of one
embodiment of an LCD display stack including a reflecting
layer 805 that is separated from a wave-guide layer 810. In
this embodiment, the reflecting layer 805 can include reflect-
ing portions 820 separated by apertures 825 and the wave-
guide layer 810 can include spaced apart reflective structures
830 (e.g., indentations filled with air or other material, struc-
tures made from different materials having different indexes
of refraction, etc.) provided in a transparent substrate 835
defining apertures 840 between each reflective structure 830.
When used in an LCD display, there can be greater efficiency
in the reflecting layer 805 by locating it on the interior side of
a LCD rear glass (or polymer) so that the reflecting portions
820 are only microns from the pixels. In this embodiment, the
reflective layer 805 can be provided at the pixel level. For
example, a portion of the bottom surface of each pixel can be
reflective. The portion of the pixel not part of the reflective
layer allows for the transmissive portion of the liquid crystal
display and is aligned with the apertures of the reflective
structures 830 in the wave-guide layer 810. The wave-guide
layer 810 can be located adjacent or attached to the backlight
assembly in an LCD display system.

[0057] In one embodiment, the reflective structures 830 in
the wave-guide layer 810 can be triangular in cross-section as
shown in FIG. 8. In this embodiment, the side of the wave-
guide layer 810 having the apex of the triangular-shaped
reflective structures 830 would face the backlight assembly of
an LCD system, while the side of the wave-guide layer 810
having the bases of the triangular-shaped reflective structures
830 would face the reflective layer 805. The apertures 840
between the reflective structures 830 in the wave-guide layer
810 can be, for example, aligned with the apertures 825
between the reflective portions 820 of the reflecting layer 805.
This can allow for the highest degree of transmission through
the reflecting layer 805.

[0058] In one embodiment, a glass (or polymer) and a
polarizer may be provided between the reflecting layer 805
and the wave-guide layer 810. In another embodiment, colli-
mating film may be provided between the reflective layer 805
and the wave-guide layer 810, alone or in combination with
other components, to direct the device-generated light (i.e.,
backlight assembly) in a maximally efficient manner to the
apertures 825 of the reflecting layer 805. The collimating film
may be provided as an entire layer between the reflective layer
805 and the wave-guide layer 810 or may be provided in
portions that are generally aligned with the apertures 840
between the reflective structures 830 in the wave-guide layer
810.

[0059] Illustrated in FIG. 9A is a cross-sectional view of
another embodiment of an LCD display stack including a
reflecting layer 805 that is separated from a wave-guide layer
810. This embodiment is similar in structure to the embodi-
ment described above and illustrated in FIG. 8; however, the
wave-guide layer 810 in this embodiment includes exit con-
trol reflective structures 910 (e.g., indentations filled with air
or other material, structures made from different materials
having different indexes of refraction, etc.) to control the
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distribution of artificial light (exiting from the backlight
assembly) as it passes through the wave-guide layer 810.

[0060] As shown in FIG. 9A, the exit control reflecting
structures 910 can be associated with the reflecting structures
830. For example, exit control reflecting structures 910 can
extend from and be aligned with the reflecting structures 830.
In one embodiment, the cross-sectional shape of the exit
control structures 910 can be isosceles trapezoids or truncated
isosceles triangles. However, it will be appreciated that the
exit control structure may take the form of any shape. In one
embodiment, the exit control reflecting structures 910 can
share a base 915 with the reflective structures 830. For
example, the base of each exit control reflecting structure 910
and the base of each reflective structure 830 can be contigu-
ous with each other. In one embodiment, the width of the base
of each exit control reflecting structure 910 is equal to the
width of the base of each reflecting structure 830. Optionally,
the width of the base of each exit control reflecting structure
910 is less than the width of the base of each reflecting
structure 830 to account for any misalignment if the exit
control reflecting structures 910 and the reflecting structures
830 are provided in separate components (e.g., glass or poly-
mer where the structures are filled with air or other material
having a lower index of refraction than the substrate of the
glass or polymer).

[0061] Each exit control reflecting structure 910 can
include a pair of sidewalls 920 oriented at a predetermined
sidewall angle (with respect to the base of the exit control
reflecting structure 910) that modifies both the direction and
angle of reflection. The predetermined sidewall angle can be
less than 90 degrees but greater than 0 degrees. Optionally,
along the sidewalls 920 of the exit control reflecting structure
910, a repeated series of miniature right angle structures may
be repeated. Although the illustrated geometric shape of the
exit control reflecting structure 910 is a trapezoid, the exit
control reflecting structure 910 may take the form of many
shapes or combination of shapes such as a triangle where the
top of the exit control reflecting structure 910 is pointed. The
sidewalls 920 can be made reflective through coating with
metal or by total internal reflection (e.g., with two different
index of refraction polymers or a polymer to air boundary).
[0062] Inuse, artificial light (from the backlight assembly)
can exit the reflecting structures 830 of the wave-guide layer,
strike the sloped sidewalls 920 of the adjacent exit control
reflecting structures 910, and be reflected at an angle equal to
the incident angle plus twice the angle of the sidewall 920 as
measured from a line perpendicular to the base of the exit
control reflecting structure 910. Essentially, the exit control
reflecting structures 910 can control the collimation of the
light as it exits the reflecting structures 830 as shown in FIG.
9B, which is a model that illustrates the effect on light as it
passes through the exit control reflecting structures 910 and
the reflecting structures 830.

[0063] Illustrated in FIG. 10 is a cross-sectional view of one
embodiment of a collimating device 1000. The collimating
device 1000 can include spaced apart reflective structures
1005 (e.g., indentations filled with air or other material, struc-
tures made from different materials having different indexes
of refraction, etc.) provided in a transparent substrate 1010
defining apertures 1015 between each reflective structure
1005. The transparent substrate 1025 can be glass or any type
of polymer as described above. In one embodiment, the
reflective structures 1005 can be triangular in cross-section.
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However, it will be appreciated that the reflecting structure
may take the form of any shape including a trapezoidal cross
section.

[0064] The device 1000 can further include exit control
reflective structures 1020 (e.g., indentations filled with air or
other material, structures made from different materials hav-
ing different indexes of refraction, etc.) provided in a trans-
parent substrate 1025 to control the distribution of light as it
exits the reflective structures 1005. The transparent substrate
1025 can be glass or any type of polymer as described above.
The transparent substrates 1010, 1025 can be laminated
together or can be bonded together using an optical adhesive.
In one embodiment, the transparent substrates 1010, 1025
have the same index of refraction, though it is possible that
they can differ.

[0065] In one embodiment, the reflective structures 1005
and the exit control structures 1020 have the same index of
refraction though it is possible that they can differ. In one
embodiment, the reflective structures 1005 and the exit con-
trol structures 1020 have an index of refraction that is less
than the index of refraction of the transparent substrates 1010,
1025.

[0066] As shown in FIG. 10, the exit control reflecting
structures 1020 can be associated with the reflecting struc-
tures 1005. For example, the exit control reflecting structures
1020 can be aligned with the reflecting structures 830. In one
embodiment, the cross-sectional shape of the exit control
structures 1020 can be isosceles trapezoids or truncated isos-
celes triangles. However, it will be appreciated that the exit
control reflecting structure may take the form of any shape
including an isosceles triangular cross-section. In one
embodiment, the width of the base of each exit control reflect-
ing structure 1020 is equal to the width of the base of each
reflecting structure 1005. Optionally, the width of the base of
each exit control reflecting structure 1020 is less than the
width of the base of each reflecting structure 1005 to account
for any misalignment during the assembly process of the two
substrates 1010, 1025. However, it will be appreciated that the
reflective structures 1005 and the exit control reflecting struc-
tures 1020 can be provided in the same substrate preventing
possible misalignment issues.

[0067] Each exit control reflecting structure 1020 can
include a pair of sidewalls 1030 oriented at a predetermined
sidewall angle (with respect to the base of the exit control
reflecting structure 1020) that modifies both the direction and
angle of reflection. The predetermined sidewall angle can be
less than 90 degrees but greater than 0 degrees. Optionally,
along the sidewalls 1030 of the exit control reflecting struc-
ture 1020, a repeated series of miniature right angle structures
may be repeated. Although the illustrated geometric shape of
the exit control reflecting structure 1020 is a trapezoid, the
exit control reflecting structure 1020 may take the form of
many shapes or combination of shapes such as a triangle
where the top of the exit control reflecting structure 910 is
pointed. The sidewalls 1030 can be made reflective through
coating with metal or by total internal reflection (e.g., with
two different index of refraction polymers or a polymer to air
boundary).

[0068] In use, light can exit the reflecting structures 1005,
strike the sloped sidewalls 1030 of the adjacent exit control
reflecting structures 1020, and be reflected at an angle equal
to the incident angle plus twice the angle of the sidewall 1030
as measured from a line perpendicular to the base of the exit
control reflecting structure 1020. Essentially, the exit control
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reflecting structures 1020 can collimate the light as it exits the
reflecting structures 1005 as shown in FIG. 9B.

[0069] Illustrated in FIG. 11 is a cross-sectional view of one
embodiment of collimating device 1100 that also has reflec-
tive properties. This embodiment is similar in structure to the
embodiment described above and illustrated in FIG. 10; how-
ever, a reflective material 1105 is provided on the exit control
reflecting structure 1020. In one embodiment, the exit control
reflecting structure 1020 can be made entirely from a reflec-
tive metal (where the aperture 1015 exists to allow the trans-
mission of light) or can be filled with air and the reflective
material 1105 can be made from metal or other reflective
material.

[0070] The device 1100 having reflective and transmissive
properties is capable of transmitting and reflecting light. The
sum of the percent of light capable of being reflected, plus the
sum of light capable of being transmitted, can be greater than
100 percent.

[0071] In one embodiment, the device 1100 can be used in
an LCD stack or any other type of display. For example, the
device 1100 can be positioned within the liquid crystal mod-
ule itself in three configurations: (1) at the back (surface) of
the rear glass of the liquid crystal module and in front of the
polarizer, (2) at the back (surface) of the rear glass of the
liquid crystal module and behind the polarizer, or (3) inside
the rear glass of the liquid crystal module at the pixel level.
For a two-polarizer liquid crystal display system, only the
second configuration is possible in order for the display to
process the light. For a single polarizer liquid crystal display
system, all three configurations are possible as the display can
process the light.

[0072] A process for manufacturing a liquid crystal module
is disclosed whereby the device 1100 is a foil or a component
within or adhered to the existing LCD stack. “Within or
adhered to” includes: (1) at the back (surface) of the rear glass
of'the liquid crystal module and in front of the polarizer, (2) at
the back (surface) of the rear glass of the liquid crystal module
and behind the polarizer, or (3) inside the rear glass of the
liquid crystal module at the pixel level. The LCD manufac-
turing process can be done on a roll-to-roll and/or assembled-
by-layer basis for any of the embodiments described and the
device is an integral part of the stack. The layers of the LCD
stack are produced and/or assembled on a roll-to-roll basis,
and the device is inherent as a part of the glass, pixel, colli-
mator, or polarizer. The device construction is based on lay-
ering functional components onto a liquid crystal module
substrate, allowing the device to be constructed as part of the
overall liquid crystal module manufacturing process. Such
elements may be glued or epoxied to the layered components.
Elements such as %4 wave plate, linear polarizers, collimating
film, brightness enhancement film, polarizer film and light
recycling elements may also be integrated into the liquid
crystal displays or other displays such as, but not limited to, a
color super twisted nematic.

[0073] There are numerous methods of manufacturing the
devices discussed above. First, the device can be manufac-
tured utilizing a mechanical process such as embossing or
molding, or a chemical process such as etching. Utilizing any
of these processes, the reflecting structures may be formed in
the body of'the transparent substrates by creating indentations
(voids) in the transparent substrates. These indentations may
then be filled with either a reflective material or a material that
has a lower index of refraction than that of the transparent
substrates. In one embodiment, the indentations may be
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embedded in the transparent substrates such that the base of
each shape is approximately parallel to and coincident with,
or slightly recessed from, the transparent substrates.

[0074] To accommodate either of these processes, the
transparent substrate may require specific properties neces-
sary for etching, molding, embossing, or other processes that
alter the body of the device. Examples of suitable materials
are polymers such as polycarbonate and PMMA (polymeth-
ylmethacrylate) and glass.

[0075] Regarding the reflective material for filling the
indentations, suitable materials include metal or other mate-
rial with a high reflectivity such as aluminum, gold, silver,
nickel, chrome, a dielectric or other metallic alloy with a
reflectivity of 80% or greater. The fill material for the reflec-
tive structures should be optimized to minimize absorption
and have highly reflective properties for the controlled redi-
rection of energy. Where the indentations are filled with a
reflective material, a single material or composite material
may be used to create the above-mentioned triangular cross-
sectional rows. For example, a material that has a lower index
of refraction than that of the transparent substrate may be a
clear composite paste, composite material (e.g., polymer), or
multiple composite materials with different refractive indices
or reflective qualities. Additionally, no material (e.g., gas, air,
orvacuum) may be used to fill the indentations. The minimum
difference in index of refraction between the fill and the body
of the element is estimated to be 0.01.

[0076] Inoneembodiment, the indices of refraction are the
same for each reflective structure in the device. However, it
will be appreciated that the indices of refraction for each
reflective structure in the device may be different. Further-
more, if the reflective structures have a base (such as the base
of a triangle), the material making up the base of the structure
may be different than the rest of the fill material provided in
the structure. For example, the base of a triangular cross-
sectional structure may be constructed of aluminum, while
the rest of the structure may be filled with a clear polymer
having a lower index of refraction than that of the transparent
substrate.

[0077] Another method of manufacturing the device
includes two processes that are capable of producing the
desired reflective structures in a transparent photosensitive
film. The desired reflective structures can be produced by
changing the index of refraction in specific areas of the body
of the transparent photosensitive film.

[0078] FIG. 12 illustrates a first process for making adevice
having reflective and transmissive properties by forming the
desired structures in a photosensitive film. As shown in FIG.
4, the process includes providing a transparent photosensitive
film on the surface of a substrate. The transparent photosen-
sitive film may be constructed of any clear material that, when
exposed to light, changes its optical properties. The photo-
sensitive material should exhibit favorable optical and
mechanical properties. In addition to a sufficient photo-in-
duced refractive index change, a suitable set of “writing”
wavelengths (typically in the ultraviolet), optical transpar-
ency, thin film formability, and mechanical behavior are of
great importance. Such materials may be OLED’s or organic
polymers that have optimized mechanical behavior, or
organic-inorganic hybrids that combine the chemical versa-
tility of organic polymers, i.e. polysilanes, polygermanes,
and/or their sol-gel hybrids. Other materials include organic
polymer such as specially modified polyethylene, polycar-
bonate, polyvinylcinnamate, and polymethylmethacrylate.
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Other materials include the combination a transparent poly-
mer matrix and a polymerable photo-reactive substance com-
prising a photopolymerizable monomer. The transparent
polymer matrix may be selected from the group consisting of
polyolefins, synthetic rubbers, polyvinyl chloride, polyester,
polyamide, cellulose derivatives, polyvinyl alcohol, poly-
acrylates, polymethacrylates, polyurethane, polyurethane
acrylate, and epoxy acrylate resin. The photo-reactive sub-
stance comprises a photo-reactive initiator which has a refrac-
tive index regulating activity and said film has a distribution
of a refractive index. The photopolymerizable monomer may
be selected from the group consisting of tri-bromophenoxy-
ethyl acrylate and trifluoroethyl acrylate.

[0079] A thin layer of reflective material is then deposited
on the surface of the photosensitive transparent film opposite
the substrate. The preferred reflective material for the thin
layer of reflective metal is a metal composite or other material
with a high reflectivity such as aluminum, gold, silver, nickel,
chrome, a dielectric or other metallic alloy with a reflectivity
01'80% or greater. Preferably, the reflectivity of the material is
95% or greater. Predetermined regions of the reflective metal
deposition are then removed by ablating the reflective mate-
rial to expose the photosensitive film in the predetermined
regions. These predetermined regions are then exposed to a
light source to change the optical characteristics of the pho-
tosensitive film in the predetermined regions to alter the index
of refraction of the photosensitive film in the predetermined
regions to thereby form altered refractive index areas. The
steps of ablating the reflective metal and changing the optical
characteristics of the photosensitive are accomplished by a
light source (that faces the metal reflective layer) that may
produce ultraviolet light. The light source may comprise an
optical radiation source that irradiates light, at a specific
wavelength and of sufficient intensity, through a micro-lens-
let array so as to ablate the reflective metal layer and change
the optical characteristics of the photosensitive film. In one
embodiment, the radiation source is an excimer laser.

[0080] The unchanged portions of the photosensitive film
comprise unaltered refractive index areas (i.e., structures)
having a lower index of refraction than the altered refractive
index areas. In one embodiment, the unaltered refractive
index areas are triangular cross-section structures each hav-
ing a base, a height, and a pair of sidewalls each having an
outside surface. The base can be associated with the reflective
metal layer and each sidewall is at an angle relative to the
base. Preferably, the angle is between 76 degrees and less than
90 degrees. Preferably, the width of the base has a value of
between about 2 and 200 microns. Preferably, the triangular
cross-section structures have a height-to-base aspect ratio of
between about 2 and 22. Preferably, each base of the triangu-
lar cross-section structures is separated by a distance having
a value between about 1 micron and 100 microns. In one
embodiment, the outside surface of the pair of sidewalls is
planar. However, it will be appreciated that the outside surface
of'the pair of sidewalls can be concave, convex, and/or pitted.
Preferably, the triangular cross-section structures are parallel
to each other.

[0081] FIG. 13 illustrates a second process for making a
device having reflective and transmissive properties by form-
ing the desired structures in a photosensitive film. As shown
in FIG. 13, the second process also includes forming a pho-
tosensitive film on the surface of a substrate. The transparent
photosensitive film may be constructed of the same materials
as discussed above. A photoresist layer is then formed on the
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photosensitive film. Predetermined regions of the photosen-
sitive film and the photoresist layer are then exposed to a light
source (that faces the substrate) to change the optical charac-
teristics of the photosensitive film in the predetermined
regions and to alter the index of refraction of the photosensi-
tive film in the predetermined regions to thereby form altered
refractive index areas in the photosensitive film. The light
source may comprise an optical radiation source that irradi-
ates light, at a specific wavelength and of sufficient intensity,
through a micro-lenslet array so as to ablate the reflective
metal layer and change the optical characteristics of the pho-
tosensitive film. Preferably, the radiation source is an excimer
laser. The exposed photoresist layer in the predetermined
region is then removed using a suitable etchant that creates an
opening to the photosensitive film. A thin layer of reflective
material is then deposited in the openings previously occu-
pied by the exposed photoresist layer. The preferred reflective
material for the thin layer of reflective metal is a metal com-
posite or other material with a high reflectivity such as alu-
minum, gold, silver, nickel, chrome, a dielectric or other
metallic alloy with a reflectivity of 80% or greater. Preferably,
the reflectivity of the material is 95% or greater. Finally, the
residual photoresist layer is washed away and lifted off.

[0082] The unchanged portions of the photosensitive film
comprise unaltered refractive index areas (i.e., structures)
having a higher index of refraction than the altered refractive
index areas. In one embodiment, the altered refractive index
areas are triangular cross-section structures each having a
base, a height, and a pair of sidewalls each having an outside
surface. The base can be associated with the reflective metal
layer and each sidewall is at an angle relative to the base.
Preferably, the angle is between 76 degrees and less than 90
degrees. Preferably, the width of the base has a value of
between about 2 and 200 microns. Preferably, the triangular
cross-section structures have a height-to-base aspect ratio of
between about 2 and 22. Preferably, each base of the triangu-
lar cross-section structures is separated by a distance having
a value between about 1 micron and 100 microns. In one
embodiment, the outside surface of the pair of sidewalls is
planar. However, it will be appreciated that the outside surface
of'the pair of sidewalls can be concave, convex, and/or pitted.
Preferably, the triangular cross-section structures are parallel
to each other.

[0083] In other embodiments related to utilizing a photo-
sensitive transparent material, discrete structures may be
arranged in varying structures, heights, angles, or spacing and
one or more of the discrete faces of a structure, including the
triangular rows, may be concave, convex, and/or pitted. Addi-
tionally, micro-shapes (such as pyramids or cones) may be
deposited on one side of the body of the element directly over
the base of each structure, either as part of a deposition
process, described above, or as an independent process, to
further control the direction of reflected energy. In other
embodiments, the indices of refraction may be different for
each discrete structure such that various alternating patterns
are produced across the body of the element to achieve spe-
cific effects. In other embodiments, a combination of struc-
tures created by filled indentations and altering the refractive
index of a photosensitive material may be used to create
various patterns across the body of the element. In one
embodiment, a reflective material such as metal or any mate-
rial with the equivalent of a zero index of refraction may be
inserted underneath the polymer-cladding layer (layer of
lower index of refraction material) to reflect light exceeding
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the cladding’s index of refraction critical angle. This will
reflect light normally lost by reflecting light back into the
wave-guide region. This technique may be used for all struc-
ture sizes defined above.
[0084] While specific embodiments according to the
present invention have been described and illustrated herein,
it will be apparent to those skilled in the art that variations and
modifications are possible, such alterations shall be under-
stood to be within the broad spirit and principle of the present
invention which shall be limited solely by the scope of the
claims appended hereto.
What is claimed:
1. A light control device comprising:
a first light transmissive film comprising a first plurality of
light reflecting regions extending into a surface thereof;

and a second light transmissive film disposed adjacent the
first light transmissive film and comprising a second
plurality of light reflecting regions extending into a sur-
face thereof,

wherein the first plurality of light reflecting regions and the

second plurality of light reflecting regions are relatively
positioned such that light entering the device is colli-
mated as it exits the device.

2. The device of claim 1, wherein the first plurality of light
reflecting regions comprises a plurality of grooves.

3. The device of claim 1, wherein the first and second
plurality of light reflecting regions each comprise a plurality
of grooves.

4. The device of claim 3, wherein the first and second
plurality of light reflecting regions are mutually aligned.

5. The device of claim 1, wherein the first and second light
transmissive films are substantially refractive index matched.

6. The device of claim 1, wherein the first and second light
transmissive films are laminated together.

7. The device of claim 1, wherein the first and second light
transmissive films are bonded together using an optical adhe-
sive.

8. The device of claim 1, wherein the first plurality of light
reflecting regions exhibit an index of refraction that is less
than the refractive index of the first light transmissive film.
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9. A process for making a light control device comprising
the steps of:

forming a first light transmissive film having a first plural-
ity of indentations extending into a surface thereof;

forming a second light transmissive film having a second
plurality of indentations extending into a surface
thereof;

rendering the first and second plurality of indentations light
reflecting; and

adjacently disposing the first and second light transmissive
films, wherein the first and second plurality of indenta-
tions arerelatively positioned such that light entering the
device is collimated after it exits the device.

10. The process of claim 9, further comprising the step of
mutually aligning the first and second plurality of indenta-
tions.

11. The process of claim 9, wherein the step of rendering
the first and second plurality of indentations light reflecting
comprises filling the first and second plurality of indentations
with a material having an index of refraction less than the
index of refraction of the first and second light transmissive
films.

12. The process of claim 9, wherein the step of adjacently
disposing the first and second light transmissive films com-
prises laminating the first and second light transmissive films
together.

13. The process of claim 9, wherein laminating is per-
formed using an optical adhesive.

14. The process of claim 9, wherein the step of rendering
the first and second plurality of indentations light reflecting is
performed before the step of adjacently disposing the first and
second light transmissive films.

15. The process of claim 9, wherein the step of rendering
the first and second plurality of indentations light reflecting is
performed after the step of adjacently disposing the first and
second light transmissive films.
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