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(57) An improved fiber optic backlighting panel provides uniform and increased background i1llumination 1n devices,

such as rubber keypads, membrane switches, liquid crystal displays, rigid panels or

the like. The fiber optic panel

comprises a light source and a layer of optical fibers arranged adjacent each other, w.

1ch transmit light to different

locations throughout the device, thereby providing efficient background illumination relative to the amount of
light beamed 1n. The optical fibers are selectively terminated at these locations by forming a series of angular cuts
through the layer of optical fibers with a laser, according to a predetermined geometric zig-zag or sawtooth

pattern stored 1n a computer memory. The zig-zag pattern extends across the entire
such that each optical fiber 1s cut only once to provide increased and consistent 1llumi

length and width of the panel
nation throughout the device.

In one specific embodiment, for application 1n liquid crystal displays, a layer of foam 1s used to diffuse the light to

provide uniform 1llumination.

I*I Industrie Canada  Industry Canada
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IMPROVED FIBER OPTIC BACKLIGHTING PANEL AND
Z2IG~-Z2AG PROCESS8 FOR MAKING SAME
ABSTRACT
An improved fiber.optic backlighting panel

provides uniform and increased background illumination
1n devices, such as rubber keypads, membrane switches,
liquid crystal displays, rigid.panels or the like. The
fiber optic panel comprises a light source and a layer
of optical fibers arranged adjacent each other, which
transmit light to different locations throughout the
device, thereby providing efficient background
illumination relative to the amount of light beamed in.
The optical fibers are selectively terminated at these
locations by forming a series of angular cuts through
the layer of optical fibers with a laser, according to a
predetermined geometric zig-zag or sawtooth pattern
stored i1n a computer memory. The zig-zag pattern
extends across the entire length and width of the panel
such that each optical fiber is cut only once to provide
increased and consistent illumination throughout the
device. In one specific embodiment, for application in
liquid crystal displays, a layer of foam is used to
diffuse the light to provide uniform illumination.
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IMPROVED FIBER OPTIC BACKLIGHTING PANEL AND
21G~-ZAG PROCESS FOR MAKING SAME

FIELD OF THE INVENTION

The present invention relates generally to the
field of providing background illumination in devices,
such as rubber keypads, membrane switches, liquid
crystal displays, rigid panels or the like. More
specifically, the present invention relates to an
lmproved fiber optic backlighting panel for providing
increased and uniform background illumination throughout
the device and a zig-zag process for making the same, by
providing angular cuts throughout the length and width
of the panel with a laser according to a predetermined
zig—-zag geometric pattern stored in a computer memory.

BACKGROUND OF THE INVENTION

Background i1llumination, otherwise referred to

as backlighting, 1s commonly used in information display
units, rubber keypads, membrane switches, liquid crystal
displays, rigid panels and the like, to make them more
discernible and to enhance their visibility. Some
exlsting techniques utilize fiber optics for this
purpose.

Typically, such prior backlighting devices
utilize a plurality of optical conductors, each having a
core surrounded by cladding, which are placed in
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intimate proximity to each other above an optically
reflecting surface. Light is beamed into the optical
conductors at one end using a simple light source, such
as a lamp. The light beamed in is propagated in the
core of the optical conductor by means of partial
internal refraction.

In accordance with one prior technique, at a
desired location on a portion of'the‘optical conductors
positioned behind the panel to be illuminated, abrasions
are formed in the surface, typically by using a hot
stamping machine. The stamping machine forms the
abrasions by pressing against the optical conductors at
the desired locations, in a random manner. As the light
passes down the optical conductors, a portion of the
light exits through each of the abrasions in the surface
and 1lluminates the location directly above that region.
Typically, the remaining light continues its travel
along the optical conductors and terminates at a
location remote from the abrasions, thus creating
inefficient illumination in the abraded area.

U.S. Patent No. 4,845,596 to Moussie discloses
one such technique whereby an outer sheath cof the
optical conductor is removed locally and a portion of
the light beamed through the optical conductors escapes
therefrom at those points. This emerging light reflects
Ooff the reflective backing and illuminates the surface
above.

In such prior devices, the light which exits
through the abrasions in the surface provides
backlighting of relatively low efficiency relative to
the amount of light beamed in. Also, the intensity of
light along the fiber optic cable diminishes as light is
refracted through the abrasions along the fiber optic
cable. Moreover, some light continues to the end.
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Thus, although such prior devices are known to serve
thelr purpose, they have not proven to be satisfactory.

In accordance with yet another technique,
optical conductors are held together by a thread which
1s tightly woven around the optical conductors, thereby
creating corrugations, the angled sides of which exceed
the acceptance angle or numerical aperture of the
cladding and allow some of the iight beamed through to
escape. The amount of light which escapes can be
limited by controlling the tightness of the weave. In
applications not requiring diffusion, such optical
conductors, in addition to providing relatively low
intensity of light, are difficult to use behind key pads
due to their thickness.

Most of the prior techniques involve manually
placing staggered layers of optical conductors which has
proved to be laborious, inefficient and economically
unfeasible.

A need thus exists for an improved fiber optic
backlighting panel and technique for making fiber optic
panels for providing increased and uniform background

1llumination in a device relative to the amount of light
beamed in.

SUMMARY OF THE INVENTION

The present invention is directed to an

improved fiber optic backlighting panel for providing
uniform and increased background illumination in
devices, such as rubber keypads, membrane switches,
liquid crystal displays, rigid panels or the like, and a
novel technique for making the same.

In a preferred embodiment of the invention,
the fiber optic panel comprises a light source, and a
layer of optical fibers arranged adjacent each other
which transmit the light from the source to different
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locations throughout the device to uniformly distribute
the light.

Each of the optical fibers are selectively
terminated at different locations by forming a series of
angular cuts through the layer of optical fibers with a
laser beam from a laser engraver, according to a
predetermined geometric zig-zag or sawtooth pattern
stored in a computer memory. The zlg—-zag pattern
extends across the entire length and width of the panel
such that each optical fiber is only cut once so as to
provide increased and consistent illumination throughout
the panel. The laser beam cuts completely through the
optical fiber at locations corresponding to the
predetermined zig-zag pattern. This technique solves
the problem of cutting fibers twice or missing a fiber.
The laser 1s activated according to the predetermined
zlg-zag pattern by a CAD (computer aided design)
program. |

In still another aspect of the invention, for
speclific application in liquid crystal displays, the
light is transmitted through a layer of foam to provide
uniform illumination by diffusing the light.

Tnese as well as other steps of the preferred
embodiment will become apparent from the detailed
description which follows, considered together with the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present
invention is shown in the following drawings, in which
like reference numerals indicate like parts and in
which:

Figure 1 is a perspective view of a winding
drum, showling the manner in which a single optical fiber
ls wrapped around the drum, in consecutive turns, to
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form a layer of optical fibers arranged proximate each
other, and strips of reflective material are secured to
the winding drum by upright pegs;

Figure 2 1s a plan view of a backlighting
panel, showing the manner in which the layer of optical
fibers around the winding drum is cut;

Figure 3 1s a cross sectional view taken along
line 3-3, showing the various layers comprising the
backlighting panel (the lavers shown in Figure 3 are of
equal dimension for purposes of illustration only and do
not represent actual dimensions);

Figure 4 1s a schematic representation of the
backlighting panel, a laser engraver and a computer
system, showing the manner in which the lasér engraver
makes angular cuts across the layer of optical fibers,
according to a predetermined zig—-zag pattern:;

Figure 5 1s an exploded view of a fragmentary
portion of the backlighting portion shown in Figure 4;

Figure 6 is a schematic cross sectional
representation of the layers in the backlighting panel
for specific application in a LCD; and

Figure 7 is a schematic cross sectional
representation of the layers in the backlighting panel
for specific application in a LCD showing two layers of
optical fibers.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT
Figures 1 and 2 show generally the technique
for making an i1mproved fiber optic backlighting panel 10
(shown in Figure 4) 1in accordance with the present
invention. The i1mproved fiber optic backlighting panel
constructed in accordance with the novel technique
provides increased and uniform background illumination

i1n devices, such as rubber keypads, membrane switches,

liquid crystal displays, rigid panels or the like.
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The backlighting panel 10, when manufactured in
accordance with the technique cf the present invention,
advantageously provides an even and increased
distribution of background illumination throughout the
device 1n order to enhance perceptibility.

Referring to Figures 1, 2 and 3, a single
optical fiber 24 from a spool (not shown) is wrapped
around a winding drum 14 or the 1ike, which is
cylindrical in shape, in consecutive turns to form a
layer of optical fibers 24 arranged adjacent each other.
As best shown 1in Figure 3, the optical fibers 24 are
arranged in intimate proximity to each other. The
optical fiber 24 can be of any commercially available
type and can have any suitable diameter. For example,
the optical fiber 24 has a diameter of 10 mils
(thousands of an inch).

To prevent the consecutive turns of the
optical fiber 24 from overlapping, the optical fiber 24
is guided from the spool to the winding drum 14 by a
positioning eyelet 28. The positioning eyelet 28 is
preferably a needle-like device, having a central
orifice 28a for receiving the optical fiber 24. In a
preferred embodiment, the central orifice 28a has a
diameter greater than the diameter of the optical fiber,
preferably 11 mils. The position of the eyelet 28 is
controlled by a linear motor (not shown) which in turn
1s controlled by a computer system 29 (shown in Figure
4).

After the optlical fiber 24 is wound around the
winding drum 14, any overlapping of the optical fibers
24 can be adjusted manually. Alternatively, the winding
of the optical fiber 24 1tself can be controlled
manually or in accordance with any other technique known
for wrapping wire around a spool.
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Strips of a suitable reflective backing 15,
such as mylar or the like, are positioned at spaced
intervals, indicated at 13, around the winding drum 14.
The strips of reflective backing 15 can be of any
sultable width desired by those skilled in the art. The
winding drum 14 has a plurality of upright pegs or other
such protruding means, indicated at 16, disposed at
evenly spaced locations about its peripheral ends 18.
The pegs 16 project along an axis perpendicular to the
axilis along which the optical fibers 24 extend.

The strips of reflective backing 15 have
registration holes 20 (best shown in Figure 2) formed at
thelr ends 21. The registration holes 20 are punched
preferably at the time of manufacturing or before the
strips of reflective backing 15 are positioned around
the drum 14. The strips of reflective backing 15 are
secured to the winding drum 14 by anchoring the
registration holes 20 over the pegs 16.

Referring to Figure 3, the reflective backing
15 1s adhered onto the layer of optical fibers 24 by a
layer of adhesive 22 applied on a surface of the
reflective backing facing the optical fibers 24. The
layer of adhesive 22 is applied prior to positioning the
strips of reflective backing 15 around the drum 14. The
adhesive 22 is preferably a suitable conventional
adhesive. The reflective backing 15 can also optionally
have a layer of adhesive 23 on its back surface to
facilitate mounting the backlighting panel 10 to a
surface, such as a circuit board. A release paper 23a
placed over the layer of adhesive 23 to the reflective
backing 15 advantageously protects the adhesive 23.
Thus, prior to mounting the backlighting panel 10 onto a
surface, the release paper 23a is simply peeled away.

Each of the strips of reflective backing 15 is
subsequently removed from its respective pegs 16, by
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severing the layer of optical fibers 24 in the spaces 13
extending between two strips of reflective backing 15.
For example, the layer of optical fibers 24 can be
severed along the broken line A-A. The reflective
backing 15 now has free ends 27 of the layer of optical
fibers 24 extending therefrom. Alternatively, the layer
of optical fibers 24 extending between two strips of
reflective backing 15 can be cut at one location and the
entire arrangement removed from the winding drum 14
before each of the strips 15 are individually separated.
The strips 15 can be cut vertically or horizontally as
desired to create panels of any size.

Referring now to Figures 4 and 6, the layer of
optical fibers 24 are selectively terminated at a
plurality of different locations on the upper surface
of the reflective backing 15. This is achieved by
forming angular cuts 30 with a laser engraver 32, which
can be of any conventional type. The laser engraver 32
forms the angular cuts 30 by directing a laser bean,
lndicated at 32a, across the layer of optical fibers 24.
In order to ensure that the optical fibers 24 are cut
angularly, the backlighting panel 10 is properly aligned
by the registration holes 20, which prevent the panel 10
from being misaligned by any inadvertent movement. The
laser beam 32a 1s directed by a CAD (computer aided
design) program to cut the optical fibers 24 according
to a zig-zag or sawtooth geometric pattern, indicated at
31. The CAD program can be executed by the computer 29,
of any conventional type, which controls the laser
engraver 32a. The zig-zag or sawtooth geometric pattern
31 1s mapped and stored in a computer memory (shown as
part of the computer 29).

The angular cuts 30 according to the zig-zag
pattern 31 preferably extends across the entire width
and length of backlighting panel 10. Preferably, the
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number of angular cuts 30 are maximized to increase
illumination. However, if converging lines 35 of the
zlg=-zag pattern 31 are too close, there is a greater
risk of inadvertently forming misaligned angular cuts.
Thus, 1n the preferred embodiment, the converging lines
35 of the zig-zag pattern intersect at an angle A,
preferably in the range of 3-~5 degrees, to avoid
misalignment of fibers 24 or the risk of inadvertently
cutting the wrong fiber, as shown in Figure 6. Thus,
each fiber 24 is completely cut through once, thereby
maximizing efficiency. Also, the zig-zag pattern
provides maximum uniformity. This technique generally
avolids the problem of cutting optical fibers 24 twice or
missing an optical fiber 24.

Referring again to Figure 3, once all the
angular cuts 30 are formed, a sheet of clear plastic 25,
preferably clear Mylar, is laminated over the layer of
optical fibers 24.

The fiber optic backlighting panel 10 has been
primarily described herein for providing backlighting in
a display panel, indicated at 33 or the like. However,
the invention may also be used to provide backlighting
ln membrane switches, liquid crystal displays (LCDs),
rigid panels, vehicle panels and other devices which
will be obvious to those skilled in the art.

Referring now to Figures 6 and 7, in a
specific application, the backlighting panel 10 is used
to provide uniformly distributed background illumination
in a LCD. An adhesive layer 58 is applied over the
reflective backing 15, the layer of optical fibers 24
and the clear plastic 25. A layer of foam 60,
preferably polyethylene or the like, is securely
disposed over the adhesive layer 58, which is again
covered with another sheet of clear plastic 62,
preferably Mylar. The sheet of plastic 62 can be
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wrapped around all the other layers to keep all the
layers intact.

The bubble~-like formations in the foam 60
scatter the light, causing it to diffuse so as to
provide uniform illumination or glow throughout the
device. The foam is preferably white in color and
translucent. The density of the bubbles is preferably
.35 gm/cubic inch and the foam 62 is preferably 253% to
30% transmissive.

As shown 1n Figure 7, two or more different
layers of optical fibers 24 can also be used. A layer
of adhesive 63 is applied over the reflective backing 15
and layer of optical fibers 24. Over the layer of
adhesive 63, a second layer of optical fibers 24a is
arranged 1in accordance with the technique described
previously. The clear plastic 25, preferably Mylar, is
laminated over the second layer of fibers 24a. A layer
of adhesive 58 is applied over the clear plastic 25.
The diffuser foam 60 is disposed over the layer of
adhesive 58 and the sheet of clear plastic, preferably
Mylar, 1is again laminated over the diffuser foam 60.

Although the invention has been described in
terms of a preferred embodiment thereof, other
embodiments that are apparent to those of ordinary skill
1n the art are also within the scope of the invention.
Accordingly, the scope of the invention is intended to

be defined only by reference to the appended claims.
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WHAT IS CLAIMED IS:
1. A method for making a fiber optic backlighting

panel to provide efficient and uniform background
l1llumination of a surface comprising the steps of:
providing a layer of optical fibers, said
optical fibers arranged in intimate proximity
to each other; and
cutting through the layer of optical
fibers to form angular cuts at locations
corresponding to a predetermined zig-zag
pattern so that each fiber is cut only once,

and 1s cut through completely at that one
location.

2. A method for making a fiber optic backlighting
panel to provide efficient and uniform background
l1llumination of a surface as defined in Claim 1,
comprising the step of:

providing a reflective backing; and

adhering said layer of optical fibers to
sald reflective backing.

3. A method for making a fiber optic backlighting
panel to provide efficient and uniform background
illumination of a surface as defined in Claim 1, further
comprising the step of:

placing a layer of diffusing material

over sald layer of optical fibers to diffuse
the light. |
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4. A method for making a fiber optic backlighting
panel to provide efficient and uniform background
l1llumination of a surface as defined in Claim 1, further
comprising the step of:
forming angular cuts across the width and
length of said layer of optical fibers
according to said zig-zag pattern to provide
uniform and consistent illumination throughout

the surface.

5. A method for making a fiber optic backlighting
panel to provide efficient and uniform background
1llumination of a surface as defined in Claim 1, further
comprising the step of:
forming said layer of optical fibers by
winding a single optical fiber in consecutive
turns;
arranging said optical fibers adjacent
each other without any overlapping of said
turns.
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6. A method for providing efficient and uniform
background illumination of a surface, comprising the
steps of:
providing a layer of optical fibers:
selectively terminating each optical
fiber in said layer by making angular cuts
with a laser beam in each of said optical
fibers according to a predetermined zig-zag
pattern; and
beaming light from a light source through
sald layer of optical fibers to a plurality of
different locations on the surface, said
angular cuts enabling the light conducted by
the optical fibers to exit therefrom and

provide uniform illumination throughout the
surface.
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A method for making a fiber optic backlighting

panel to provide efficient and uniform background

illumination of a surface comprising the steps of:

8.

providing a winding drum having a
plurality of pegs disposed about peripheral
ends thereof;

wrapping an opticél fiber around said
winding drum and forming a layer of
consecutive turns of said optical fiber:;

securing strips of reflective backing
having registration holes formed therein to
sald pegs:

cutting said layer of optical fibers
between sald pegs and removing said strips of
reflective backing from said pegs; and

aligning said strip with said
regilstration holes and directing a laser bean
over sald strip to make angular cuts in said
layer of optical fibers according to a
predetermined zig-zag pattern.

An 1mproved fiber optic panel for providing

efficient and consistent background illumination of a

surface, comprising:

a layer of optical fibers for
transmitting light to a plurality of different
locations on the surface, said optical fibers
having angular cuts formed by a laser beam
according to a zig-zag pattern extending
substantially the width and length of said
layer of optical fibers, the angular cuts
completely terminating each optical fiber once
to provide efficient and uniform illumination
of the surface.
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9. An 1mproved fiber optic panel for providing
efficient background illumination of a surface as
defined in Claim 8, further comprising:
means for diffusing disposed over said
layer of optical fibers to diffuse the light
to provide uniform illumination throughout the

surface.

10. An improved fiber optic panel for providing
efficient background illumination of a surface as
defined in Claim 9, wherein said diffusing means is a
layer of polyethylene foan.

11. An improved fiber optic panel for providing
efficient background illumination of a surface as
defined in Claim 9, wherein said layer of optical fibers
1s adhered to a reflective backing.
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