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LIGHT SOURCE FOR BACKLIGHTING
Background of the Invention

The present invention relates to a backlighting
apparatus for displays, particularly for small-area
liquid-crystal displays (LCDs), such as utilized in
virtual reality headsets. LCDs, which allow the display
of alphanumeric, graphic or other information, may
comprise a medium whose transmittance changes in response
to the application of an electrical potential across the
medium. The LCDs may be viewed even in an otherwise dark
environment by applying illumination uniformly to their
rear face. An exemplary backlighting apparatus for an
ICD is disclosed in U.S. Patent 4,043,636.

It is desirable for a baqklight for small-area LCDs,
such as those found in helmets of virtual reality
systems, to have certain attributes. Firstly, it must
have an acceptable level of brightness. Secondly, it is
preferable to have a spectral distribution that is as
white as possible, particularly if the LCDs display color
images. The light source must be compact, and preferably
require little maintenance. Lastly and most importantly,
the lighting system must provide wuniform illumination
across the entire area of the display. This latter need
translates into a requirement that the light emerging
from the 1light source be featureless and free of
distortions such as holes or rings. In practice, the
requirement of uniform illumination is difficult to
achieve, and prior art devices frequently fail to provide
a sufficiently uniform source of illumination for LCD
displays. Additionally, prior art devices frequently
relied on light guides to direct light to reflective
surfaces, necessitating complicated geometries and added
weight and expense.

An object of the present invention is therefore to

provide a simple, compact, lightweight means for
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backlighting a display, typically a small-area LCD
display, which provides highly uniform, high-intensity
illumination of the entire display panel.

Summary of the Invention

The light source of the present invention backlights
a rear surface of a display panel, and includes a housing
having diffusely reflective interior surfaces which form
a cavity. A device that emits light, for example, an
incandescent light bulb or LED array, is mounted in the
cavity with the interior surfaces of the cavity spaced
therefrom. The housing has an aperture juxtaposed with
the rear surface of the display panel which opens into
the cavity. The ratio of the area of the aperture to the
sum of (i) the area of said aperture and (ii) the
diffusely reflective surface area of the cavity is at
least 0.05 in a preferred embodiment of the present
invention. The ratio of the depth of the cavity to an
edge to edge dimension of the aperture is at least 0.1.
The aperture of the embodiment disclosed also has a
bisector dimension, defined as the edge-to-edge length of
the aperture along a line formed by the intersection of
the plane of the aperture and a plane normal to the plane
of the aperture extending through the bulb and bisecting
the aperture. The ratio of the depth of the cavity to
its bisector dimension is at least 0.1 in a preferred
embodiment of the present invention. In one embodiment
of the present invention, the depth of the cavity is not
substantially greater than the diameter of the envelope
of the light bulb.

The light source also comprises a diffuser placed
across the aperture and ©positioned to diffuse
illumination which passes through the aperture from the
cavity toward the display panel. A brightness enhancing
material for passing illumination within a viewing range
is disposed between the diffuser and the display panel.

In a preferred embodiment having orthogonally oriented



WO 95/10066

10

15

20

25

30

35

PCT/US94/11264

-3~

brightness enhancing films, the viewing range is 50
degrees. This range is the sum of a pair of angles of 25
degrees measured relative to lines normal to the plane of
the aperture.

If desired, a color filter may be included between
the cavity and the LCD. In the preferred embodiment, the
filter is placed between the brightness enhancing film
(BEF) and the rear surface of the display to increase the
color temperature of the light incident on the display.

In one embodiment of the present invention, the
light bulb is positioned in a portion of the cavity that
is outside of a viewing aperture portion, so that the
filament is not visible through the aperture within the
viewing angle. In another embodiment of the present
invention, the light bulb is located within the viewing
aperture portion of the cavity beneath the aperture. A
baffle in front of the lamp reflects light towards the
bottom of the cavity, and prevents the bulb from directly
emitting illumination through the aperture, thereby
preserving the uniformity of the light emerging from the
aperture. In yet another embodiment, the 1light is
produced by an LED array. The LEDS have colors (e.g.
red, blue, and green) and intensities which produce, in
combination, light that is white in color.

In all embodiments, the emitted light is diffusely
reflected within the interior surfaces of the cavity,
such that the cavity effectively functions as a
lambertian 1light source. The diffuser gives the
transmitted light a more uniform intensity distribution.
The brightness enhancing film (BEF) concentrates the
light emerging from the diffuser by projecting it into a
smaller angular viewing range, and thereby enhances the
intensity within the viewing angle. Finally, a coloxr
filter, which is typically blue for incandescent light,

may be used to change the color temperature of the
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incandescent light from 2800K-3300K to around 4500K-
5500K, thereby providing a whiter color.

The invention also encompasses a method of
backlighting a display panel comprising the step of
producing illumination from a substantially lambertian
light source having a cavity with internal walls and an
aperture. The producing step comprises the step of
directing light rays from the perimeter of the aperture
into the cavity such that the light exiting the aperture
is substantially uniform in intensity and color. The
method also includes the steps of using a diffuser to
diffuse light from the substantially lambertian light
source using a brightness-enhancing film to concentrate
the diffused light into a predetermined angular range
without ‘significantly reducing the uniformity of the
diffused light, and directing the concentrated diffused
light onto the display panel.

The backlighting apparatus of the present invention
produces illumination of a very uniform character, with
relatively high intensity and whiteness, in a device that
is both simple and compact.

Brief Description of the Drawings

FIG. 1 is a perspective view of a virtual reality
headset incorporating an LCD backlit by the light source
of the present invention.

FIG. 2 is a perspective view of an embodiment of the
light source of the present invention.

FIG. 3 is a cross-sectional view of the light source
of FIG. 2 taken along the lines 3-3 of FIG. 2.

FIG. 4 is . an end-on cross-sectional view of the
light source of FIG. 2 taken along the lines 4-4 of FIG.
2.

FIG. 5 is a plan view of the light source of FIG. 2
taken along the lines 5-5 of FIG. 3.
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FIG. 6 is a graph showing the intensity of light
emitted from the 1light source shown in FIGS. 2 as a
function of viewing angle.

FIG. 7 is a fragmentary view in cross section, of a
brightness enhancing film as shown in FIG. 3.

FIG. 8 is a cross sectional view of a second
embodiment of the present invention.

FIG. 9 is a plan view of the embodiment of FIG. 8.

FIG. 10 is an schematic view of the light source
showing the viewing angle.

FIG. 11 is a plan view of an alternate embodiment of
the light source which is identical in all respects to
the embodiment of FIG. 2 except that the light source is
mounted transversely to the configuration depicted in
FIG. 2. .

FIG. 12 is a cross-sectional view of an embodiment
utilizing an arrangement of red, blue, and green LEDs
which in combination produce white light.

FIG. 13 is a plan view of the light source of FIG.
12 taken along the lines 13-13 of Fig. 12.

Description of the Preferred Embodiments

As shown in FIG. 1, one preferred embodiment of the
present invention comprises a virtual reality headset 5
configured to be worn on the head of a user. The headset
5 has a pair of small-area color display panels 26
disposed within an interior cavity 7 of the headset.
Each of the panels 26 comprises an LCD with a front face
and a rear face of identical size. Each of the front
faces of the panels 26 is positioned behind an eyepiece
(not shown) that is directly in front of a respective eye
of the user so that each eye views the front face of a
single one of the panels. By way of example, each of the
faces of the display panels 26 is rectangular, having a
length of 1/2" and a width of 1/2" The headset is
configured to fit against the face of the |wuser

sufficiently tightly so that light from ambient sources
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cannot enter the cavity 7. When properly mounted on the
user’s head, the headset will always be in substantially
the same position relative to the user’s face, and the
display ©panels 26 will thus also always be in
substantially the same position with respect to the
user’s eyes. Accordingly, each time the headset is worn,
the eye of the viewer will have the same viewing position
with respect to the display screens 26.

Each of the panels 26 includes a backlighting
apparatus 10, as shown in FIG. 2 and 3. The backlight 10
is comprised of a bulb 12, located within a housing 14
having an aperture 18, covered by a diffuser 20, a
brightness enhancing film (BEF) 22, and a color filter
24. The diffuser 20, BEF 22, and color filter 24 are
placed in physical contact with each other, forming a
planar structure hereinafter referred to as a 1light
quality enhancing (LQE) apparatus 27. The LCD display
26, which 1is backlit by 1light emerging through the
aperture 18 from cavity surfaces 16, is juxtaposed with
the LQE apparatus 27, so that the display 26 may be
viewed from a position 28. Although the headset 5 has
not been shown in FIG. 2 for clarity of illustration, it
will be understood that the position 28 would be within
the interior cavity 7 of the headset 5.

In one embodiment of the present invention, the
housing 14 has lateral internal dimensions of 13mm x
33mm, and the thickness or depth of the housing is 10mm,
slightly larger than the diameter of a standard
flashlight bulb. The aperture 18 is 13mm square in this
embodiment. The aperture 18 is preferably smaller than
2 inches square to ensure uniform illumination of the
cavity walls 16 opposite the aperture 18 by the
incandescent bulb 12.

The lamp 12 is preferably an incandescent light bulb
such as a common flashlight lamp powered by a power

source (not shown) connected to wires 19. The lamp 12 is
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preferably entirely enclosed in the housing 14 so that
only the wires 19 emerge from the housing 14. The wires
19 pass through a small passageway in a wall of the
housing 14. The passageway is Jjust large enough to
accommodate the wires 19 and is substantially smaller
than the diameter of the bulb, thereby minimizing light
leakage emanating from the annular space, if present,
between the wires and the housing 14.

Light radiating from the lamp 12 propagates within
the housing 14, which forms a cavity comprising diffusely
reflecting interior surfaces 16 preferably having a
reflectivity of at least 88%. The surfaces 16 may be
coated with white paint or more exotic materials such as
the Labsphere Corporation’s Spectraflect ' paint.
Spectraflect paint’s reflectivity is considerably higher
than house paint, roughly 98%, while the reflectivity of
house paint 1is approximately 92%. Additionally, ‘the
housing 14 may be entirely constructed from a diffusely
reflecting material, such as TiO, pigmented Lexan™
polycarbonate or Spectralon™ plastic, thereby avoiding
the need to apply a separate coating to the interior
surfaces 16 of the housing 14. The reflectivity of
Spectralon™ plastic is about 99%.

Light emerging from the lamp 12 typically undergoes
several reflections within the cavity formed by the
housing 14 before eventually emerging from the aperture
18. Because the interior surfaces 16 of the housing 14
are diffusely reflecting, the multitude of diffuse
reflections cause the interior surface of the housing 14
opposite the aperture 18 to be uniformly lit and act as
a substantially lambertian source, i.e., a light source
having the property that the radiance or brightness of
the interior cavity surfaces is constant as a function of
viewing angle.

In constructing the light source 10 of the present

invention, there are a number of factors to consider.
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One of these is the area of the aperture 18. Another is
the combined cavity area, that is the sum of (i) the
surface area of the cavity interior 16 and (ii) the area
of the aperture 18. For maximally efficient use of the
energy emitted from the bulb 12 and uniformity of the
emitted light from the aperture 18, it is important that
the ratio of the area of aperture 18 to the combined
cavity area be relatively high to ensure minimal energy
loss within the light source. Preferably, this ratio is
at least 0.05, and in the preferred embodiment the ratio
is close to 0.20. Referring to FIG. 4, the side cavity
walls 16 are curved; such an arrangement decreases the
combined cavity area, and thus increases the
aforementioned ratio of the area of the aperture to the
combined cavity area. The bottom cavity wall may also be
curved as well to decrease the angle 6 (shown in FIG. 3)
as a function of increasing distance from the bulb. The
angle 6 is the angle formed between a line drawn from the
filament of the bulb 12 and the outward-pointing normal
to a plane tangent to the cavity surface at each point.
Another parameter of importance shown in FIG. 5, is
the edge-to-edge dimension 31 of the aperture 18,
referred to herein as the bisector dimension. This
bisector dimension extends along a line formed by the
juncture of the plane of the aperture and a plane normal
to the plane 41 of the aperture 18 extending through the
bulb 12 and bisecting the aperture. The ratio of the
depth of the housing 14 to this bisector dimension
affects both the intensity and uniformity of the light
visible through the opening of the aperture 18. If this
ratio is too large, the aforementioned ratio of the area
of the aperture to the combined cavity area becomes too
small. With a small ratio, light from bulb 12 will also
undergo fewer reflections from the cavity walls 16 and
undergo 1/r? fall off, resulting in a less-uniform

intensity distribution. In the preferred embodiments of
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the present invention, the ratio is more than
approximately 0.10.

Still another parameter of the present invention is
the ratio of the diameter 30 of the envelope of the lamp
12 (typically the width of the bulb) to the depth 32 of
the cavity formed by the housing 14. 1In the preferred
embodiment of the present invention, this ratio is
sufficiently high to achieve compactness. The housing 14
is preferably constructed so that the depth 32 is not
substantially greater than the diameter 30 of the bulb.
By way of example, the ratio may be 0.60.

While the housing 14 and the aperture 18 basically
function as a source of uniform light intensity even in
the absence of the diffuser 20, in the preferred
embodiment of present invention the diffuser 20 is
advantagéously placed in the opening of the aperture 18
to remove residual nonuniformities such as cosmetic
imperfections in the interior surfaces 16 of the cavity.
The diffuser is comprised of translucent material,
typically a readily available thin plastic surface or
volume diffuser. Both of these materials are preferred
because they are characterized by very low absorption,
thus minimizing energy losses.

To avoid wasting optical energy, it is preferable to
match the numerical aperture of the backlight with the
numerical aperture of the optics (e.g., the eyepiece of
the headset &) that receives the 1light from the
backlight. Because the cavity acts as a substantially
lambertian source, it 1s necessary to decrease the
numerical aperture of the backlight, and thereby
concentrate the light emanating from the aperture. In
particular, the backlight 10 employs the BEF 22 placed
between the diffuser 20 and the display 26 to concentrate
the illumination, and thereby increases the brightness.

It is helpful for present purposes to define an

angle which characterizes the performance of BEF 22.
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This angle, 6, (shown at 39 in FIG. 10), is the semi-angle
from a normal 36 to the plane of the aperture 18. More
specifically, the BEF 22 transmits light rays within §,.
Except for weak side lobes, no light will be transmitted
by the BEF beyond the angle 6..

A second angle, the viewing angle 6, shown at 41,
subtends twice the angle 6, of the BEF 22. Consequently,
6,=20,.

It will be understood that concentration of the
illumination by the BEF 22 (within the angle §.), shown in
FIG. 10, is symmetrical omnly in the sense that
concentration occurs within a plane coincident with the
plane of the paper in FIG. 10. The BEF 22 does not
provide concentration within the orthogonal plane. 1In
some applications of the invention, it is preferable to
concentrate the illumination.in both of the orthogonal
planes. This may be accomplished by including a second
BEF oriented orthogonally to the BEF shown in FIG. 10.
Such an arrangement would provide a boundary line 37 at
each of the four edges of the aperture 18 and thereby
concentrate the illumination so that substantially no
radiation beyond the angle 6, is transmitted from the
aperture 18.

Referring to FIG. 7, the BEF of the preferred
embodiment is a commercially available thin film having
linear pyramidal structures 38. In principle, the
structures 38 transmit only those rays from the cavity
that satisfy the incidence angle <criteria for
transmission into the transmission region bounded by the
boundary lines 37. All other rays will be reflected back
into the cavity, where they are diffusely reflected again
by the cavity walls. In effect, the reflected rays are
"recycled" until they are incident on the BEF at an angle
which permits them to pass through the BEF into the

transmission region.
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The fraction f of 1light retroreflected by the
pyramidal structures 38 of the BEF 22 satisfies the
relationship 1-f=sin 6.. The brightness-enhancing effect
results from the fact that many of the retroreflected
rays are themselves diffusely reflected and eventually
are transmitted by the BEF 22. Because the BEF 22 is
designed so that 6.<90 degrees, it concentrates light
within the display range, thereby increasing the
intensity of light seen within this range. Using

pyramidal structures, a 40% gain over an unenhanced

" lambertian source has been observed. If a film having

orthogonally oriented rows is used, a gain of as much as
80% may be possible. The use of orthogonally oriented
films produces the enhancing effect in two orthogonal
planes rather than only along the axis perpendicular to
the pyramidal structures, as is the case when only one
set of pyramidal structures 38 is used. In the preferred
embodiment, the structure of the film is sufficiently
fine that it is imperceptible to the viewer of the
display 26 and the light intensity resulting therefrom is
as uniform as possible. Referring to FIG. 7, the BEF 22
may be a film having an apex angle o (typically about
100°) . Such film is available from 3M. As an
alternative to two orthogonally oriented lenticular films
of the type shown in FIG. 7, an array of two-dimensional
micro lenses may be utilized.

The concentrating effect of the BEF 22 is depicted
in FIG. 6, which is a graph of the brightness of light
observed as a function of viewing angle ¢ (here, viewing
angle ¢ is defined as the angle the eye of the observer
makes with the plane of the aperture 18). Graph 40
illustrates the intensity as a function of viewing angle
without the BEF 22, while graph 42 shows a distribution
achieved with the BEF 22. It can be seen that the
intensity achieved within the window 6,=26, degree wide is

greater than that achieved by use of the diffuser alone.
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It is also important to note that the BEF is placed
between the diffuser and the display, since the latter
has a spreading effect on the angular distribution of
light, while the former concentrates it.

FIG. 6 also illustrates an advantageous feature of
the present invention, namely the uniformity of the
distribution of illumination throughout the viewing range
60. It can be seen that the graph 42 of the light
intensity emerging from the BEF 22 as a function of
viewing angle ¢ is highly uniform throughout the entire
viewing angle 0.

Light emerging from the BEF 22 passes through the
color filter 24 in a preferred embodiment of the present
invention. The color temperature of the flashlight bulb
that comprises the lamp 12 is only about 2800K. However,
color LCD displays require a higher color temperature to
achieve ideal color purity. Consequently, when an
incandescent source is employed as the lamp 12, a filter
may be used to shift the color distribution as desired.
The filter 24 of the preferred embodiment is a blue
absorbing filter that shifts the color temperature to
between about 4500K and 5500K. Light passing through the
filter 24 continues through the LCD 26 to the eye of the
viewer located at the position 28. The gaps between
elements 20, 22, and 24 in FIG. 1 are depicted only for
clarity; the thicknesses of and separation between each
of the various elements are minimized for the sake of
compactness.

In the embodiment of the backlight illustrated in
FIGS. 2-3, the lamp 12 is situated in the housing 14 so
that it is outside of a viewing aperture portion 17. As
used herein, the term "viewing aperture portion" refers
to the portion of the cavity that lies directly beneath
the aperture 18. Placement of the lamp 12 outside the
viewing aperture portion 17 prevents most of the light

rays emanating from the lamp 12 from reaching the
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aperture 18 without first being reflected off a surface
of the cavity. Since only glancing rays from the bulb 12
directly impinge on the LQE 27 and the diffuser 20
scatters these rays, this arrangement allows the
intensity distribution of 1light emerging from the
aperture 18 to be relatively uniform. An alternate
embodiment of the backlighting system allowing even more
compact construction is illustrated in FIGs. 8-9, in
which corresponding numbers denote like parts. The lamp
12 is placed in a different portion of the housing 14.
In this embodiment, the lamp 12 is placed directly within
the viewing aperture portion 17. The lamp 12 is shielded
from the aperture 18 by an opaque baffle 56. The baffle
56 has two diffusely reflecting outer surfaces which are
coated with one of the diffusely reflecting materials
described above. The diffusely reflecting surfaces of
the baffle 56 prevent the lamp 12 from directly
illuminating the aperture 18, while reflecting 1light
incident thereon, such as any rays reflected back toward
the aperture from the diffuser and the BEF, thus
preserving the uniformity of the light distribution.
Since the lamp 12 is directly beneath the aperture, as
opposed to being set back in the housing 14 outside
viewing aperture 17, the housing 14 can be more laterally
compact than that of the embodiment of FIG. 2.
Additionally, the embodiment of FIG. 8 allows a higher
ratio of the aperture surface area to the combined cavity
area, thus allowing even greater efficiency in the use of
energy emanating from the bulb 12. Aside from this
placement of the lamp, all details of this embodiment,
such as the coating of the interior surfaces of the
housing 14 and the placement of the diffuser, BEF and
filter, are identical to those of FIG. 2.

A further embodiment, illustrated in FIG. 11, is
identical to the embodiment shown in FIGS. 1-5, except
for the orientation of the bulb 12. Accordingly, like
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numbers designate like parts. In the embodiment of FIG.
i1, the bulb is oriented so that a line extending along
its longitudinal axis is parallel to, but spaced from,
the aperture (as opposed to the embodiment shown in FIG.
5, where a line extending along the longitudinal axis of
the bulb passes beneath the aperture). Thus, the bulb in
FIG. 11 is rotated 90° relative to the bulb in FIG. 5.
Yet another embodiment of a lambertian light source
is shown in FIGS. 12 and 13. 1In this embodiment, red,
blue, and green light from light emitting diodes (LED) is

" mixed together in a manner well known in the art to

produce white light. For clarity of illustration, parts
corresponding to like parts of prior embodiments will be
designated using 1like numbers that are primed. As
illustrated, a housing 14’ comprises a diffusively
reflecting cavity having interior cavity walls 16’ and an
aperture 18’ which opens into the cavity. The dimensions
of the aperture 18’ are 16.1mm by 14.1lmm for the
particular arrangement shown, which uses 2 red LEDs
12’ (r), 4 blue LEDs 12’ (b), and 18 green LEDs 12’ (g). As
shown in FIG. 13, the LEDs are mounted around the
periphery of the aperture 18’ within a channel 70 that
extends around the entire perimeter of the aperture 18'.
The channel 70 is formed by a small baffle 72 that
extends from the edge of the aperture 18 a short distance
into the cavity and along the entire perimeter of the
aperture 18'. Preferably, the distance by which the
baffle 72 extends into the cavity is no greater than is
necessary to prevent the LEDs from being viewed through
the aperture 18’. In any event, the baffle 72 is spaced
from the cavity walls 16 by a sufficient distance to
permit light from the LED’s to diffusively reflect into
the portion of the cavity beneath the aperture 18’. 1In
preferred embodiments, the depth of the cavity is 5-10
mm. As is typical of light-emitting diodes, the LEDs 12’

comprise tiny cubes of solid-state material that emit
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light. In the embodiment shown, the solid-state material
is not encased in a housing, and no directional
reflectors are used such that the emission is allowed to
propagate multidirectionally from plural faces of the
solid-state cubes. Such multifaceted emission enhances
the uniformity of the intensity of light exiting the
aperture 18’. ‘
The LEDs 12' are positioned so that for each color
(red, blue, green) the output from the aperture 18’ is
substantially uniform with respect to intensity. 1In the
preferred embodiment, the LEDs 12’ are positioned
symmetrically, with an equal number of diodes 12’ of like
color on opposite edges of the rectangular aperture 18'.
Thus, as viewed from FIG. 13, the top edge of the
aperture 18’ has nine green diodes 12’ (g) and one fed
diode 12’ (r), while the bottdm edge of the aperture also
has nine green diodes 12’ (g) and one red diode 12’ (r).
Similarly, the left edge of the aperture has two blue
diodes 12’ (b), while the right edge also has two blue
diodes 12’ (b). In addition to symmetry with respect to
opposite edges of the aperture 18’, the diodes preferably
have substantial symmetry with respect to sides of the
same edge of the aperture 18’. Thus, for example, the
single red diode 12’ (r) at the top edge in FIG. 13 is
placed substantially in the center of that top edge With
five green diodes 12’ (g) on the left side and four green
diodes 12’ (g) on the right side. The bottom edge
embodies the same symmetry except that the four green
diodes are on the left side of the red diode and the five
green diodes are on the right side. 1In regard to the
left aperture edge (as seen in FIG. 13), each of the two
blue diodes 12’ (b) is positioned so that it is the same
distance from an end of the left aperture edge as it is
from the other blue diode. The blue diodes 12’ (b) at the
right aperture edge have this same symmetry with respect

to the right aperture edge.
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' As mentioned above, the combination of LEDs 12’ 1is
selected to provide white light. Thus, while a diffuser
20’ and BEF 22’ are included, as shown in FIG. 12, no
color filter is necessary because the combination of red,
blue and green colors produces 1light of sufficient
whiteness. However, in some cases it may be necessary to
underdrive some of the LEDs in order to obtain the
desired color balance and desired whiteness. If so, it
is preferable that all LED’s of the same color be
underdriven by the same amount so as to preserve color
uniformity at the aperture 18’. Because the illumination
produced by the symmetrical arrangement of LEDs and the
diffusively reflecting cavity yields a substantially
uniform intensity output at the aperture 18’ for each
color, the light source produces a high-quality color
image. '

The present invention thus comprises a highly
uniform, efficient, and compact 1light source for
demanding applications such as small color LCD displays
in virtual reality systems. However, it also has
application in other small-area backlighting systems as
well, such as in digital watches or automotive gauges.
It is understood that the present disclosure of the
preferred embodiment may be changed in the combination
and arrangement of parts without departing from the

spirit and scope of the invention hereinafter claimed.
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WHAT IS CLAIMED IS:
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An apparatus comprising:

a display having a rear surface and a front
surface, said display panel being at least partially
transmissive such that at least a portion of
illumination on said rear surface is transmitted to
said front surface;

a light source for backlighting said

display panel, said light source comprising:

a device that emits light;

a housing having diffusive reflective
interior surfaces forming a cavity, said
cavity having a depth, said light emitting
device mounted in said cavity, said
housing having an aperture which opens
into said cavity, said aperture juxtaposed
with said rear surface of said display
panel to illuminate said rear surface,
said cavity having a diffusive reflective
surface area and said aperture having an
area, the ratio of said area of said
aperture to the sum of (i) said area of
said aperture and (ii) said surface area
of said cavity being at least 0.05, said
aperture having an edge to edge dimension,
the ratio of said depth to said edge-to-
edge dimension being at least 0.1;

a diffuser at said aperture, said diffuser

positioned to diffuse illumination which passes
through said aperture from said cavity toward
said display panel;

a brightness enhancing material disposed

between said diffuser and said display panel,
said material concentrating illumination within
a viewing angle so as to enhance the brightness

of the display panel.
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2. The apparatus of Claim 1, wherein said light
emitting device comprises an incandescent light bulb.

3. The apparatus of Claim 2, wherein said
dimension is a bisector dimension.

4. The apparatus of Claim 2, wherein said
apparatus additionally comprises a color filter having
characteristics selected to increase the whiteness of
light from said incandescent bulb, whereby said color
temperature is above 4,000°K.

5. The apparatus of Claim 2, wherein said
incandescent bulb has a filament enclosed by an envelope,
and wherein the ratio of the depth of said housing to the
diameter of said envelope enclosed by said filament is
less than 1.8. _

6. The apparatus of Claim 2, wherein said
incandescent bulb has a filament enclosed by an envelope,
and wherein the depth of said housing is not
substantially greater than the diameter of said envelope
enclosed by said filament.

7. The apparatus of Claim 1, wherein the interior
surfaces of said cavity are coated with white paint
having a reflectance higher than 88 percent.

8. The apparatus of Claim 1, wherein the
reflective interior surfaces of said housing further
comprise high-reflectance plastic.

9. The apparatus of Claim 4, wherein the color
filter is disposed between said cavity and said display
panel.

10. The apparatus of Claim 1, wherein said
brightness enhancing material comprises a film of linear
pyramidal structures.

11. The apparatus of Claim 10, wherein said viewing
angle is no more than about 35 degrees.

12. The apparatus of Claim 10, wherein said
brightness enhancing material further comprises a second

film of linear pyramidal structures disposed in a
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direction orthogonal to said film of linear pyramidal
structures.

13. The apparatus of Claim 2, wherein said
incandescent bulb is disposed within said cavity outside
of a viewing aperture portion of said cavity.

14. The apparatus of Claim 1, wherein the ratio of
said depth to said dimension is at least 0.2.

15. The apparatus of Claim 2, wherein said
incandescent bulb 1s disposed within a viewing aperture
portion of said cavity and wherein said housing further
comprises a baffle positioned between the bulb and said

aperture. ,

16. The apparatus of Claim 1, wherein said aperture
is rectangular, and wherein none of the sides of said
aperture exceeds 2 inches in length.

17. A method of backlighting a display panel,
comprising:

producing illumination from a substantially
lambertian light source comprising a cavity with
internal walls and an aperture, said step of
producing illumination comprising the step of
directing 1light rays from the perimeter of the
aperture into the cavity such that the light exiting
the aperture is substantially uniform in intensity
and color;

using a diffuser to diffuse light from said
substantially lambertian light source;

using a brightness enhancing film to
concentrate the diffused light into a predetermined
angular range without significantly reducing the
uniformity of the diffused light; and

directing the concentrated, diffused light onto
said display panel.

18. The method of Claim 17, further comprising the

step of using a color filter to increase the color
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temperature of said concentrated, diffused light to a

value above approximately 4,000°K.
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