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(57) ABSTRACT 
Illumination devices whose function are to inject light into 
backlights, particularly into backlights that incorporate a 
recycling cavity formed by a front (50) and back (52) reflec 
tor, are described. In some embodiments, the device includes 
a light source (59) disposed proximate the back reflector, and 
first (42) and second (44) reflecting structures. The first 
reflecting structure includes an inner reflective surface (41b) 
at least a portion of which is inclined to form a wedge with the 
back reflector. The wedge partially collimates and directs 
light from the light source generally away from the recycling 
cavity. The second reflecting structure receives light exiting 
the wedge and redirects Such light into an injection beam 
directed into the recycling cavity. 

15 Claims, 3 Drawing Sheets 
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COLLIMATING LIGHT INUECTORS FOR 
EDGE-LIT BACKLIGHTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage filing under 35 U.S.C. 
S371 of PCT/US2008/064125, filed on May 19, 2008, which 
claims priority to U.S. Provisional Application No. 60/939, 
082, filed on May 20, 2007, the disclosure of which is incor 
porated by reference in its/their entirety herein. 

FIELD 

The present invention relates to extended area light sources 
Suitable for illuminating a display or other graphic from 
behind, commonly referred to as backlights. The invention 
also relates to techniques for injecting light into Such back 
lights and into similar extended area light sources. 

BACKGROUND 

Historically, simple backlight devices included only three 
main components: light Sources or lamps, a back reflector, 
and a front diffuser. Such systems are still in use for general 
purpose advertising signs and for indoor lighting applica 
tions. 

Today, backlight devices and other extended area sources 
come in a wide variety of designs, some of which include 
many additional components besides the three mentioned 
above. The growth in the backlight industry has been due 
largely to the growth in the consumer electronics industry for 
products that incorporate liquid crystal displays (LCDs), Such 
as computer monitors, television monitors, mobile phones, 
digital cameras, pocket-sized MP3 music players, personal 
digital assistants (PDAs), and other hand-held devices. 

Although some of these consumer products can use ordi 
nary ambient light to view the display, most include a back 
light to make the display visible. In the case of LCD devices, 
this is because an LCD panel is not self-illuminating, and thus 
is usually viewed using an illumination assembly or back 
light. The backlight is situated on the opposite side of the 
LCD panel from the viewer, such that light generated by the 
backlight passes through the LCD to reach the viewer. The 
backlight incorporates one or more light sources, such as cold 
cathode fluorescent lamps (CCFLs) or light emitting diodes 
(LEDs), and distributes light from the sources over an output 
area that matches the viewable area of the LCD panel. Light 
emitted by the backlight desirably has sufficient brightness 
and sufficient spatial uniformity over the output area of the 
backlight to provide the user with a satisfactory viewing 
experience of the image produced by the LCD panel. 
LCD panels, because of their method of operation, utilize 

only one polarization state of light, and hence for LCD appli 
cations it may be important to know the backlight's bright 
ness and uniformity for light of the correct or useable polar 
ization state, rather than simply the brightness and uniformity 
of light that may be unpolarized. In that regard, with all other 
factors being equal, a backlight that emits light predomi 
nantly or exclusively in the useable polarization state is more 
efficient in an LCD application than a backlight that emits 
unpolarized light. Nevertheless, backlights that emit light that 
is not exclusively in the useable polarization state, even to the 
extent of emitting randomly polarized light, are still fully 
useable in LCD applications, since the non-useable polariza 
tion state can be easily eliminated by an absorbing polarizer 
provided at the back of the LCD panel. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Backlights can be considered to fall into one of two cat 

egories depending on where the internal light sources are 
positioned relative to the output area of the backlight, where 
the backlight "output area corresponds to the viewable area 
or region of the display device. The “output area of a back 
light is sometimes referred to herein as an "output region' or 
“output surface' to distinguish between the region or surface 
itself and the area (the numerical quantity having units of 
square meters, square millimeters, square inches, or the like) 
of that region or Surface. 
The first category is "edge-lit. In an edge-lit backlight, one 

or more light sources are disposed—from a plan-View per 
spective—along an outer border or periphery of the backlight 
construction, generally outside the area or Zone correspond 
ing to the output area. Often, the light source(s) are shielded 
from view by a frame or bezel that borders the output area of 
the backlight. The light Source(s) typically emit light into a 
component referred to as a “light guide particularly in cases 
where a very thin profile backlight is desired, as in laptop 
computer displays. The light guide is a clear, Solid, and rela 
tively thin plate whose length and width dimensions are on 
the order of the backlight output area. The light guide uses 
total internal reflection (TIR) to transport or guide light from 
the edge-mounted lamps across the entire length or width of 
the light guide to the opposite edge of the backlight, and a 
non-uniform pattern of localized extraction structures is pro 
vided on a surface of the light guide to redirect some of this 
guided light out of the light guide toward the output area of the 
backlight. Such backlights typically also include light man 
agement films, such as a reflective material disposed behind 
or below the light guide, and a reflective polarizing film and 
prismatic BEF film(s) disposed in front of or above the light 
guide, to increase on-axis brightness. 
The second category is “direct-lit.” In a direct-lit backlight, 

one or more light sources are disposed—from a plan-View 
perspective—Substantially within the area or Zone corre 
sponding to the output area, normally in a regular array or 
pattern within the Zone. Alternatively, one can say that the 
light Source(s) in a direct-lit backlight are disposed directly 
behind the output area of the backlight. A strongly diffusing 
plate is typically mounted above the light Sources to spread 
light over the output area. Again, light management films, 
such as a reflective polarizer film, and prismatic BEF film(s), 
can also be placed atop the diffuserplate for improved on-axis 
brightness and efficiency. 

In some cases, a direct-lit backlight may also include one or 
Some light Sources at the periphery of the backlight, or an 
edge-lit backlight may include one or some light Sources 
directly behind the output area. In Such cases, the backlight is 
considered “direct-lit' if most of the light originates from 
directly behind the output area of the backlight, and "edge-lit’ 
if most of the light originates from the periphery of the output 
area of the backlight. 

BRIEF SUMMARY 

The present application discloses, inter alia, illumination 
devices whose function are to inject light into backlights, 
particularly into backlights that incorporate a recycling cavity 
formed by a front and back reflector, where the front reflector 
is partially transmissive to permit some of the light circulating 
in the cavity to escape through the output area of the backlight 
toward the viewer. 
The application discloses, for example, an illumination 

device for injecting light into a hollow light recycling cavity 
formed by a front and back reflector, the front reflector being 
partially transmissive to provide an extended output area. The 
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device includes a light source disposed proximate the back 
reflector, and first and second reflecting structures. The first 
reflecting structure is disposed between the front and back 
reflector, and has an inner reflective Surface at least a portion 
of which is inclined to form a first wedge with the back 
reflector. The first wedge partially collimates and directs light 
from the light source generally away from the recycling cav 
ity. The second reflecting structure is offset laterally from the 
extended output area, and is oriented to receive light exiting 
the first wedge and redirect Such light into an injection beam 
directed into the recycling cavity. 

In exemplary embodiments, the injection beam is "direc 
tional” in that its angular distribution is much more limited 
than a Lambertian distribution. This is referred to herein as 
being collimated or partially collimated. The injection beam 
may, for example, have an average flux deviation angle rela 
tive to a transverse plane in a range from 0 to 40 degrees or 0 
to 30 degrees, where the transverse plane is parallel to the 
output area of the backlight. 

These and other aspects of the present application will be 
apparent from the detailed description below. In no event, 
however, should the above summaries be construed as limi 
tations on the claimed subject matter, which subject matter is 
defined solely by the attached claims, as may be amended 
during prosecution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Throughout the specification reference is made to the 
appended drawings, where like reference numerals designate 
like elements, and wherein: 

FIG. 1 is a schematic side view of a generalized recycling 
backlight or similar extended area source: 

FIG. 2 is a schematic side view of a light injector disposed 
to inject light into a recycling cavity, and FIG. 2a is a front 
view of the light injector; 

FIG. 3 is a schematic side view of another light injector, 
and FIG.3a is a schematic top view of same: 

FIG. 4 is a schematic side view of a laminate stack offilms 
used in an example; 

FIG. 5 is a cross-sectional view of one of the light injectors 
constructed for the examples; and 

FIG. 6 is a schematic side view of the backlight, including 
opposed light injectors, constructed for the examples. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

In FIG. 1 we see a generalized backlight 10, in which a 
front reflector 12 and a back reflector 14 form a recycling 
cavity 16. The backlight 10 emits light over an extended 
output area or Surface 18, which in this case corresponds to an 
outer major surface of the front reflector 12. The front and 
back reflectors are shown plane and parallel to each other, and 
coextensive over a transversedimension 13, which dimension 
also corresponds to a transverse dimension Such as a length or 
width of the output area 18. The separation H between the 
front and back reflectors defines the cavity depth. The front 
reflector reflects a substantial amount of light incident upon it 
from within the cavity, as shown by an initial light beam 20 
being reflected into a relatively strong reflected beam 20a and 
a relatively weaker transmitted beam 20b. Note that the 
arrows representing the various beams are schematic in 
nature, e.g., the illustrated propagation directions and angular 
distributions of the different beams are not intended to be 
completely accurate. Returning to the figure, reflected beam 
20a is strongly reflected by back reflector 14 into a beam 20c. 
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4 
Beam 20c is partially transmitted by front reflector 12 to 
produce transmitted beam 20d, and partially reflected to pro 
duce another beam (not shown). The multiple reflections 
between the front and back reflectors help to support trans 
verse propagation of light within the cavity, indicated by 
arrow 22. The totality of all transmitted beams 20b, 20d, and 
so on add together incoherently to provide the backlight out 
put. 
A Small area light source 24 is shown in an edge-lit position 

and is provided with a reflective structure 26 to help collimate 
(at least partially) light from the source 24 by virtue of the 
inclined reflective surfaces of the structure 26 and their place 
ment relative to the relatively small source 24. The interior of 
the structure 26 is preferably highly reflective, such as by 
lining the interior with 3MTM VikuitiTM Enhanced Specular 
Reflector (ESR) film, or another specularly reflective material 
of high reflectivity. Reflective side surfaces (not shown, other 
than reflective structure 26) would typically also be provided 
generally at the endpoints of dimension 13, preferably con 
necting the front and back reflectors 12, 14 in a sealed fashion 
for minimum cavity losses. 

Further information on exemplary recycling-cavity based 
backlights and components thereof can be found in the fol 
lowing PCT Patent Applications: “Thin Hollow Backlights 
With Beneficial Design Characteristics’ PCT/US2008/ 
064096: “Recycling Backlights With Semi-specular Compo 
nents’ PCT/US2008/064115: “White Light Backlights and 
the Like With Efficient Utilization of Colored LED Sources’ 
PCT/US2008/064129; and “Backlight and Display System 
Using Same” PCT/US2008/064133. At least some of the 
backlights described in these applications have some or all of 
the following design features: 

a recycling optical cavity in which a large proportion of the 
light undergoes multiple reflections between Substan 
tially coextensive front and back reflectors before 
emerging from the front reflector, which is partially 
transmissive and partially reflective; 

overall losses for light propagating in the recycling cavity 
are kept extraordinarily low, for example, both by pro 
viding a substantially enclosed cavity of low absorptive 
loss, including low loss front and back reflectors as well 
as side reflectors, and by keeping losses associated with 
the light sources very low, for example, by ensuring the 
cumulative emitting area of all the light sources is a 
Small fraction of the backlight output area; 

a recycling optical cavity that is hollow, i.e., the lateral 
transport of light within the cavity occurs predominantly 
in air, Vacuum, or the like rather than in an optically 
dense medium such as acrylic or glass; 

in the case of a backlight designed to emit only light in a 
particular (useable) polarization state, the front reflector 
has a high enough reflectivity for Such useable light to 
Support lateral transport or spreading, and for light ray 
angle randomization to achieve acceptable spatial uni 
formity of the backlight output, but a high enough trans 
mission into the appropriate application-useable angles 
to ensure application brightness of the backlight is 
acceptable; 

the recycling optical cavity contains a component or com 
ponents that provide the cavity with a balance of specu 
lar and diffuse characteristics, the component having 
Sufficient specularity to support significant lateral light 
transport or mixing within the cavity, but also having 
sufficient diffusivity to substantially homogenize the 
angular distribution of steady state light within the cav 
ity, even when injecting light into the cavity only over a 
narrow range of angles (and further, in the case of a 
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backlight designed to emit only light in a particular 
(useable) polarization state, recycling within the cavity 
preferably includes a degree of randomization of 
reflected light polarization relative to the incident light 
polarization state, which allows a mechanism by which 
non-useable polarized light is converted into useable 
polarized light); 

the front reflector of the recycling cavity has a reflectivity 
that generally increases with angle of incidence, and a 
transmission that generally decreases with angle of inci 
dence, where the reflectivity and transmission are for 
unpolarized visible light and for any plane of incidence, 
and/or for light of a useable polarization state incident in 
a plane for which oblique light of the useable polariza 
tion state is p-polarized (and further, the front reflector 
has a high value of hemispheric reflectivity while also 
having a Sufficiently high transmission of application 
useable light); 

light injection optics that partially collimate or confine 
light initially injected into the recycling cavity to propa 
gation directions close to a transverse plane (the trans 
verse plane being parallel to the output area of the back 
light), e.g., an injection beam having an average flux 
deviation angle from the transverse plane in a range from 
0 to 40 degrees, or 0 to 30 degrees, or 0 to 15 degrees. 

FIG. 2 shows a schematic side view of a different light 
injector 30 disposed at one end of the above-described recy 
cling cavity 16. Like the combination of source 24 and reflec 
tive structure 26, injector 30 includes a small area light source 
32 and a wedge-shaped reflective structure 34 that cooperate 
to inject directed light into the cavity 16. Source 32 is depicted 
as an LED device having an integral encapsulant lens. The 
lens can help provide some collimation to light emitted by the 
encapsulated LED die, typically directing more light (emitted 
in a Lambertian angular distribution from Surfaces of the 
encapsulated LED die) closer in direction to an LED axis 32a. 
In the figure, the LED axis is oriented substantially parallel to 
the output area 18 of the backlight. The inclined reflective 
surfaces of the reflective structure 34 provide further collima 
tion of emitted light, as shown by the oblique ray depicted in 
the figure as being reflected to a propagation direction more 
closely aligned with LED axis 32a. The amount of collima 
tion provided is a function of the design variables of the 
wedge-like structure, i.e., the relative dimensions D1, D2, and 
D3 depicted in the figure, and can be tailored as desired. Note 
that the reflective structure 34 may have rotational symmetry 
about the axis 32a and thus have a conical nature, or it may be 
linear in form, extending along an entire open edge of the 
cavity 16. A front view of such a linearly extending embodi 
ment of the light injector 30 is shown in FIG.2a. There, the 
Sources 32 may all be the same, e.g., all white light emitting 
LEDs, or they may emit different colors of light that when 
combined produces white light, such as with red/green/blue 
LED combinations. 
The inner surfaces of the structure 34 are preferably highly 

specularly reflective to achieve the desired collimation func 
tion. Alternatively, however, different degrees of specularity 
or diffusivity can be provided on the different inner surfaces. 
This can be done to reduce or avoid the undesirable phenom 
enon of "headlamping.' Headlamping occurs when light from 
the light sources is emitted from the output area of the back 
light in a highly localized region in position and viewing 
angle. For example, note that the inclined surface 34a is 
disposed proximate the front reflector 12, but much of the 
light reflected from the surface 34a is directed downward 
towards the back reflector 14. On the other hand, inclined 
Surface 34b, opposed to Surface 34a, is disposed proximate 
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6 
the back reflector 14 but reflects a substantial amount of light 
upward towards the front reflector 12. In order to avoid an 
undesirable bright band at the edge of the output area 18 
proximate the light source resulting from “one bounce' 
reflections of LED light from the lower inclined surface 34b, 
i.e., headlamping, that Surface 34b can be made to have a 
balance of specular and diffuse characteristics to soften or 
spread the light striking the front reflector 12. The upper 
inclined surface 34a may however still have a more purely 
specular characteristic, resulting in an asymmetric wedge 
design. For information on components that provide a bal 
ance of specular and diffuse characteristics, reference is made 
to a PCT Patent Application referenced above, “Recycling 
Backlights With Semi-specular Components’ PCT/US2008/ 
O64115. 

In one embodiment, inclined surface 34a is covered with 
(or is itself) the ESR film mentioned above, and inclined 
surface 34b is covered with (or is itself) an embossed ESR 
film, the embossing providing a Surface texture that has a 
diffusing effect. The inclined surface 34b can alternatively be 
segmented or divided into a first portion or strip, proximate 
the input end of the wedge, being highly specular as with ESR 
film, and an adjacent second portion or strip, proximate the 
output end of the wedge, being partially specular and partially 
diffuse, or completely diffuse. The size of the diffusive por 
tion and the amount of diffusivity can be desirably selected to 
simultaneously avoid or reduce reflected image artifacts 
while also achieving a high optical luminous efficiency. A 
vertical surface 34c of the structure 34 can be diffusely reflec 
tive, e.g., 2x-TIPS film available from 3M Company. 
An alternative light injector 40 is shown in FIG. 3. This 

injector combines two reflecting structures first reflecting 
structure 42 and second reflecting structure 44 that cooper 
ate to both collimate the LED source light, and fold the light 
path from the LED sources to the recycling cavity (if desired), 
thus permitting the Sources to be repositioned to be slightly 
within the recycling cavity, i.e., directly behind the output 
area of the backlight. This repositioning beneficially reduces 
the width needed for the bezel or frame surrounding the 
output area. This repositioning also beneficially increases the 
mixing length of the injection wedge, which can help provide 
better uniformity. Because of the proximity of the light 
Sources to the edge or boundary of the output area, designs 
such as the one shown in FIG.3 may be considered to fall 
within the category of edge-lit backlights. 

In the schematic side view of a backlight 51 shown in FIG. 
3, a recycling cavity is provided between a front reflector 50 
and a back reflector 52, with a vertical side reflector 54 also 
being provided to seal the right edge of the cavity. As before, 
the front reflector 50 is partially transmissive to define an 
output area or region 56, which terminates on one end at side 
reflector 54 and at the opposite end at the reference plane 58, 
where it abuts the second reflecting structure 44. The back 
reflector 52 is slightly larger in size than the front reflector, 
extending from the side reflector 54 on one end to an edge E 
at which it abuts the (asymmetrically shaped) second reflect 
ing structure 44. One or more light sources 59, typically 
LEDs, are disposed on or project light through apertures in 
the back reflector 52. 
A first reflecting structure 42 covers or shields the light 

sources from directly illuminating the front reflector 50. 
Structure 42 includes a vertical member having an inner 
reflective surface 41a and an outer reflective surface 43a, and 
connected thereto an inclined member having an inner reflec 
tive surface 41b and outer reflective surface 43b. In exem 
plary embodiments, the inclined and Vertical members each 
have substantially the same reflectivity characteristics on 
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opposed sides thereof, and the reflectivity of the inclined 
member can be the same as that of the vertical member such 
as when they have the same construction or when they are two 
parts of a continuous film, but alternative embodiments are 
also contemplated. The outer reflective surfaces 43a, 43b 
desirably have the same or similar reflective characteristics as 
the back reflector 52, since they are exposed to light being 
recycled within the cavity. The inner reflective surface 41b is 
inclined relative to the back reflector 52 so as to form a wedge 
therebetween. This wedge partially collimates and directs 
light from the light source generally away from the recycling 
cavity, i.e., generally to the left in the figure. 
A second reflecting structure 44 is also provided that 

receives the light emitted by the wedge formed by the first 
reflecting structure, and redirects that light back into the 
recycling cavity, forming an injection beam depicted gener 
ally at 57. The structure 44 includes first and second inclined 
reflective surfaces 45a, 45b whose geometric arrangement, in 
conjunction with the first reflecting structure 42, are selected 
to provide the desired injection beam. 

In some embodiments, the second reflective structure 44 
can include an optional third reflective surface 45c that 
extends between the first and second reflective surfaces 45a, 
45b. The third reflective surface 45c can be any suitable 
shape, e.g., planar, curved, etc. Any Suitable material or mate 
rials can be used to form the third reflective surface 45c., e.g., 
those materials described for the first and second reflective 
surfaces 45a, 45b. In some embodiments, the first and second 
reflective surfaces 45a, 45b can be shaped to form the third 
reflective surface 45c. 
A top view of backlight 51 is shown in FIG.3a. A plurality 

of light Sources 59 are disposed in a row along an axis that is 
parallel to the left edge of the output area 56, such edge 
coinciding with the reference plane 58. The first and second 
reflecting structures 42, 44 likewise extend along the same 
aX1S. 

In an alternative embodiment to light injector 40, the ver 
tical member of the structure 42 can be omitted, and the 
inclined member can then be extended to contact the back 
reflector 52. Such a design alternative covers up more of the 
back reflector 52, but avoids the abrupt discontinuity pro 
vided by the vertical member, which may give rise to unde 
sirable brightness variations in the output area. 
The backlight 51 is depicted as a one-sided edge-lit back 

light, since light sources are provided along only one edge of 
the output area 56. The backlight can however, readily be 
converted to a two-sided edge-lit backlight, by eliminating 
side reflector 54 and replacing it with a light injector substan 
tially the same as light injector 40, but rotated so as to inject 
light properly into the recycling cavity in a direction opposite 
that of light injector 40. The opposed light injectors may be of 
the same or different designs. 

Other Contemplated Features, Embodiments, and 
Alternatives 

The disclosed extended area sources are suitable for use as 
a backlight for an LCD display. The backlight is preferably 
hollow in the sense that it consists of a hollow cavity with 
various objects inserted into the cavity, and/or around the 
cavity to serve as light-directing components. The backlight 
is preferably thin in the sense that the length and width dimen 
sions of the cavity, spanning the viewing or output Surface, are 
significantly larger than the depth of the backlight. In an 
exemplary embodiment, the ratio of the length of the cavity 
from the illuminated edge to the distal edge (for single-sided 
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8 
illumination) or illuminated edge to opposite illuminated 
edge (for two-sided illumination) to the depth of the cavity is 
greater than 10:1. 

Light for the backlight is provided using a light source Such 
as one or more light emitting diodes (LEDs) and/or cold 
cathode fluorescent lamps (CCFLs). 

Preferably, light is injected into the backlight by placing 
the light Sources inside one or more light-injection wedges. 
The wedge may be composed of piecewise-planar compo 
nents as depicted in FIG. 3, or it may comprise non-planar 
components such as a partial-parabolic mirror or similarly 
shaped structure. The wedge may be inserted partially or 
completely in the backlight cavity, and/or positioned partially 
or completely in bezels around the edges of the cavity. The 
wedges are reversed in the sense that they can point from the 
center of the cavity towards the edges of the cavity, where 
"point implies that light exiting a given wedge travels ini 
tially on average in the direction of pointing. The wedges are 
pointed towards reflecting structures (light redirectors) 
inserted at the edges of the cavity, and/or attached to the edges 
of the cavity or bezels around the edges of the cavity. The light 
redirectors can comprise multiple faceted and/or curved Sur 
faces and/or prisms and/or lenses. 

If a wedge has a distinct vertical or otherwise abrupt sur 
face, it can be covered with an additional tapered surface that 
smoothes out the abrupt feature at the back of the wedge. The 
tapered surface does not have to be coincident with the top 
inclined Surface of the wedge, but can be inclined at a shal 
lower angle. The tapered surface may intersect the backlight 
cavity at the back reflector, or at a vertical side reflective 
Surface. 

In exemplary embodiments, each wedge is translation 
invariant with respect to the edge of the cavity towards which 
the wedge points. Further, each light redirector and tapered 
Smoothing Surface (if present) is translation-invariant with 
respect to the edge towards which they respectively point. 

Fill material can be used in the light redirectors to support 
or provide a backing for the reflective surfaces. The fill mate 
rial can be an optical material Such as a glass, plastic, or 
composite, and/or a structural material Such as metal, plastic, 
or composite. The fill material can also be omitted and 
replaced with air. 

In exemplary embodiments, the interior and exterior Sur 
faces of the wedges are covered with (or are) a specular 
reflecting material having a high reflectivity. 

In one exemplary embodiment, the front reflector of the 
recycling cavity is a highly reflective material with partially 
polarizing transmission, and the upper- or outer-most Surface 
may also include a bead-coating, while the back reflector is a 
semi-specular reflecting material with high specular reflec 
tivity and small diffuse reflectivity. 

In another exemplary embodiment, the front reflector of 
the recycling cavity is a highly reflective material with par 
tially or highly polarizing transmission, with a gain diffuser 
resting on top and set apart from the highly reflective material 
by an air gap, and the back reflector is a specular reflecting 
material having a high reflectivity. 

In another exemplary embodiment, the front reflector of 
the recycling cavity is a highly reflective material with par 
tially collimating transmission, with again diffuser resting on 
top and set apart from this highly reflective material by an air 
gap, and the back reflector is a specular reflecting material 
having a high reflectivity. 

In addition to the described film configurations for the front 
and back reflector, an absorbing polarizer spaced from the top 
reflector by an air gap, and an LCD panel atop the absorbing 
polarizer, can be provided. 
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The back reflector of the recycling cavity can be considered 
to include all exterior reflective surfaces of the wedges and/or 
the tapered Smoothing Surfaces (if any) that lie inside the 
cavity. 

Examples of specular reflecting materials having a high 
reflectivity include 3M multilayer optical films such as 
VikuitiTM ESR. Examples of highly reflective materials with 
partially polarizing transmission include the multilayer 
reflective films described in the PCT Patent Application men 
tioned above, “Backlight and Display System Using Same' 
PCT/US2008/064133. An example of a highly reflective 
material with high polarizing transmission includes advanced 
polarizing film (APF) available from 3M Company. 
Examples of semi-specular reflecting material with high 
specular reflectivity and small diffuse reflectivity include 3M 
multilayer optical films such as ESR coated with a suitably 
chosen bead coating. An example of Such a bead coating is 
PMMA beads, such as Sekisui MBX20 beads, in an index 
matched PMMA binder coated at 20gm/m or 40gm/m with 
a sag of 60%. Examples of a highly reflective material with 
partially collimating transmission include the multilayer 
reflective films described in the “Backlight and Display Sys 
tem. Using Same' patent application just mentioned. An 
example of a gain diffuser is Keiwa gain diffuser BS702. 

Headlamping is a visual effect where light from light 
Sources illuminating a backlight is emitted from the backlight 
in a highly localized spatial region of the backlight. The 
region of emission may lie near the exit Surface(s) of the 
wedge(s) and/or light redirector(s). Also, the region of emis 
sion may lie in a highly localized region or regions of viewing 
angle. This may result in undesirable non-uniformities in 
backlight brightness versus position and viewing angle. 

The design features of the disclosed backlights can desir 
ably be selected to minimize or eliminate headlamping. For 
example, the design features can be selected to minimize 
non-uniformity of on-axis brightness of the backlight, and/or 
maximize the total on-axis brightness of the backlight given a 
fixed amount of source lumens, and/or minimize the width of 
bezels extending outside the cavity. Minimization or elimi 
nation of headlamping can be accomplished by redirecting 
light that would otherwise comprise an imaging or partial 
imaging of the source(s) away from the backlight output 
Surface and directly into the backlight cavity, and/or into a 
range of near-grazing incidence angles on the front reflector. 
Near-grazing incidence angles refer to angles at which light is 
strongly reflected by the front reflector, and in some cases it 
can be light whose incidence angle is greater than 60 degrees. 

In some cases, an edge-lit backlight or similar device 
requiring an extended row of many LED sources may have 
sufficient real estate “width' or “depth' to accommodate 
more than one row in parallel. For example, any of the dis 
closed light injectors may accommodate two rows of clus 
tered LEDs, such as the following clustered RGGGGBLEDs: 

RGGGGB 
RGGGGB 

RGGGGB 
RGGGGB 

RGGGGB 
RGGGGB 

RGGGGB 
RGGGGB. 

The rows need not be identical to each other, as in the follow 
ing arrangement: 

RB 
GGGG 

RB 
GGGG GGGG GGGG 
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10 
Example 1 

A first example was tested in a custom LED backlight test 
bed. The testbed was designed to simulatean LED-based area 
backlight for a 813 mm (32") diagonal, 16:9 aspect-ratio, 
LCD television. The hollow test bed backlight cavity had a 
bent sheet metal shell forming side walls and rear walls, with 
the long axis of the frame being placed horizontally. Slots 
were cut into the back reflector to allow for insertion of LED 
light engines. The internal cavity depth was 19 mm, with an 
approximately 5 mm bend radius at the back wall to side wall 
interface. The sheet metal used was commercial grade 
brushed aluminum with a thickness of 1 mm. 

Selected multilayer optical front reflector films were lami 
nated to a 0.005" (0.127 mm) thick 12% Haze polycarbonate 
(PC) sheet using 3M OPT1TM optical transfer adhesive (3M 
Corp, Maplewood, Minn.). A laminate stack as illustrated in 
FIG. 4 was made by repeated (5 times) lamination of a mul 
tilayer optical film (MOF), hereafter referred to as TOP (thin 
one-packet) film (described immediately below), and 3M 
OPT1TM optical transfer adhesive. The final layer on the lami 
nate stack was Keiwa OpalusTMBS-702 available from Keiwa 
Corp., Tokyo, Japan. 
The individual TOP multilayer film, which is an asymmet 

ric reflective film (ARF), is composed of 274 alternating 
microlayers of birefringent 90/10 coPEN and non-birefrin 
gent of PET-G. The 274 alternating microlayers are arranged 
in a sequence of "/4 wave layer pairs, where the thickness 
gradient of the layers is designed to provide a strong reflection 
resonance broadly and uniformly across bandwidth from 
approximated 410 nm to 940 nm wavelength for one polar 
ization axis, and a weaker reflection resonance for the 
orthogonal axis. There are no skin layers on the individual 
multilayer optical films. The TOP film (by itself, before the 5x 
lamination) exhibits a pass-axis transmissivity of approxi 
mately 73%, and a block axis reflectivity of 98% or higher. 
The stack of 5 TOP films, laminated together (and referred to 
as 5xARF), exhibits a pass axis transmissivity of about 38%. 
The overall thickness of the laminate or stack, including the 
alternating microlayers, protective boundary layers, and 
adhesive layers, is approximately 260 microns. The measured 
(at 633 nm) birefringent refractive index values for the alter 
nating microlayers of 90/10 coPEN are NX=1.830, 
Ny=1.620, and NZ–1.500, while those of the PET-G are 
Nx=Ny=Nz=1.563. 
The low-birefringence, low haze, polycarbonate film used 

was 0.005" thick (0.127 mm) with a 12% haze level (Iupi 
lonTM Film, Grade FE-2000 M05, Mitsubishi Engineering 
Plastics Corp., Tokyo, Japan). In all cases it was laminated to 
the panel with the textured surface facing in towards the 
adhesive. 
The plates were attached to the hollow backlight cavity 

such that the beaded gain diffuser faced into the hollow cavity 
and the polycarbonate Surface formed the outermost emissive 
surface of the test bed. The outer surface of the plate serves as 
the output surface for the testbed (i.e., the output area of the 
backlight). 

Four LED bars (“engines”) were affixed to the backside, 
bottom edge of the cake pan. In addition, 4 LED bars were 
affixed to the backside, top edge of the cake pan. The bars 
were arranged in a single row spanning the width of the 
backplane. Each bar had 4 red, 2 blue, 6 green, and 6 white 
Lambertian Cree XR-E LEDs (Cree Inc., Durham, N.C.) 
arranged in a GRGBGR-WWWWWW-RGBGRG pattern in 
a single line on a standard flexible printed-circuit. Model 
numbers for the LEDs were as follows: Red (XR7090RD-L1 
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0001), Green (XR7090GR-L1-0001), Blue (royal blue, 
XR7090RY-L1-0001), and White (XREWHT-L1-0802). 

The center-to-center spacing between LEDs on a single bar 
was about 9.5 mm. The total length of a single light engine 
(bar) was 170 mm. The center-to-center pitch between light 
engines was approximately 175 mm. 
On a single bar, the red, green, blue, and white LEDs were 

electrically connected in a single series. Each bar was run at 
700 mA current using a current regulated power Supply. Each 
flex circuit was thermally mounted to a heat sink using ther 
mally conductive adhesive. Fans were used to cool the heat 
sinks to an approximate 50 degrees C. operating temperature 
at the base of the heat sink. 
A light injector of the type described generally in connec 

tion with FIG.3 above was constructed from Aluminum base 
material, and used to direct the light from each LED light 
engine into the hollow recycling cavity. This geometry of one 
of the light injectors is depicted in FIG. 5, where the dimen 
sions provided in the figure are expressed in inches. FIG. 6 
shows a side view of the opposed light injector arrangement 
used, but unlike FIG. 5, is not necessarily to scale. 

The LED engines were mounted on the backside of the 
cavity, with the LEDs protruding somewhat into the cavity 
through drilled holes as illustrated in FIG. 5. The back reflec 
torplate had holes to allow the LED lenses to extend through 
the plate. When mounted, the top surface of the plate was 
aligned with the bottom of the LED lenses. 
A high-reflectivity, specular reflector film (VikuitiTM ESR 

film from 3M) was laminated to all inner surfaces of the 
hollow cavity including the inside of the wedge and the redi 
rector mirrors. 

Thus mounted, the film layer was substantially flat on each 
face of the wedge and acted as a focusing or collimating 
reflector directing the LED light into the cavity. 
The cavity was placed behind an LCD panel obtained from 

a Samsung 32 inch diagonal TV. The LCD panel was turned 
on and driven in the fully on white state. An image was 
collected with a Prometric digital camera. The calculated 
VESA-9 point uniformity was 70%. See PCT Patent Appli 
cation No. PCT/US2008/064133 for a description of the 
VESA-9 point Standard. The average brightness was 432 
cd/m. The color uniformity was very good and no bright 
banding or headlamping was observed. 

Example 2 

A second example was constructed in a similar fashion to 
Example 1. In this example, a 23 inch diagonal monitor was 
retrofitted with a hollow edgelit LED lightguide. Width and 
height dimensions were adjusted to fit the 23 inch diagonal 
monitor; however, the thickness remained 19 mm. The moni 
tor was an Apple Cinema Display made by Apple Computer, 
Cupertino, Calif., and was originally backlit by CCFL bulbs. 
The CCFL backlight was removed as were all optical films 
behind the LCD. 

The LEDs used in this case were OSRAM G6-SP series 
RGB LEDs. Configuration was GRGBGRG with 6 repeat 
units per light engine. 

The light injector construction of Example 1 was used. The 
light injector had the same dimensions as in Example 1. 
The LCD panel was turned on and driven in a fully on white 

state. An image was collected with the Prometric camera. The 
calculated VESA-9 point uniformity was 84%. Average 
brightness was 150 cd/m. The color uniformity was very 
good, and no bright banding was observed. 

Unless otherwise indicated, references to “backlights' are 
also intended to apply to other extended area lighting devices 
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12 
that provide nominally uniform illumination in their intended 
application. Such other devices may provide either polarized 
or unpolarized outputs. Examples include light boxes, signs, 
channel letters, and general illumination devices designed for 
indoor (e.g., home or office) or outdoor use, sometimes 
referred to as “luminaires.” Any suitable backlights can be 
used with the embodiments of the present disclosure, e.g., 
backlights that include Solid light guides, edge-lit backlights, 
direct-lit backlights, etc. Note also that edge-lit devices can be 
configured to emit light out of both opposed major Surfaces— 
i.e., both out of the “front reflector” and “back reflector' 
referred to above in which case both the front and back 
reflectors are partially transmissive. Such a device can illu 
minate two independent LCD panels or other graphic mem 
bers placed on opposite sides of the backlight. In that case the 
front and back reflectors may be of the same or similar con 
struction. 
The term “LED” refers to a diode that emits light, whether 

visible, ultraviolet, or infrared. It includes incoherent encased 
or encapsulated semiconductor devices marketed as “LEDs.” 
whether of the conventional or super radiant variety. If the 
LED emits non-visible light such as ultraviolet light, and in 
Some cases where it emits visible light, it is packaged to 
include a phosphor (or it may illuminate a remotely disposed 
phosphor) to convert short wavelength light to longer wave 
length visible light, in some cases yielding a device that emits 
white light. An “LED die” is an LED in its most basic form, 
i.e., in the form of an individual component or chip made by 
semiconductor processing procedures. The component or 
chip can include electrical contacts suitable for application of 
power to energize the device. The individual layers and other 
functional elements of the component or chip are typically 
formed on the wafer scale, and the finished wafer can then be 
diced into individual piece parts to yield a multiplicity of LED 
dies. An LED may also include a cup-shaped reflector or other 
reflective Substrate, encapsulating material formed into a 
simple dome-shaped lens or any other known shape or struc 
ture, extractor(s), and other packaging elements, which ele 
ments may be used to produce a forward-emitting, side-emit 
ting, or other desired light output distribution. 

Unless otherwise indicated, references to LEDs are also 
intended to apply to other sources capable of emitting bright 
light, whether colored or white, and whether polarized or 
unpolarized, in a small emitting area. Examples include semi 
conductor laser devices, and Sources that utilize solid state 
laser pumping. 

Unless otherwise indicated, all numbers expressing feature 
sizes, amounts, and physical properties used in the specifica 
tion and claims are to be understood as being modified by the 
term “about.” Accordingly, unless indicated to the contrary, 
the numerical parameters set forth in the foregoing specifica 
tion and attached claims are approximations that can vary 
depending upon the desired properties sought to be obtained 
by those skilled in the art utilizing the teachings disclosed 
herein. 

Various modifications and alterations of this disclosure 
will be apparent to those skilled in the art without departing 
from the scope and spirit of this disclosure, and it should be 
understood that this disclosure is not limited to the illustrative 
embodiments set forth herein. All U.S. patents, patent appli 
cation publications, unpublished patent applications, and 
other patent and non-patent documents referred to herein are 
incorporated by reference in their entireties, except to the 
extent any subject matter therein directly contradicts the fore 
going disclosure. 
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What is claimed is: 
1. An illumination device for injecting light into a hollow 

light recycling cavity formed by a front and back reflector, the 
front reflector being partially transmissive to provide an 
extended output area, the device comprising: 

a light source disposed proximate the back reflector; 
a first reflecting structure disposed between the front and 
back reflector, and having an inner reflective Surface at 
least a portion of which is inclined relative to the back 
reflector to form a first wedge there between that par 
tially collimates and directs light from the light Source 
generally away from the recycling cavity; and 

a second reflecting structure that is offset laterally from the 
extended output area, and oriented to receive light exit 
ing the first wedge and redirect such light into an injec 
tion beam directed into the recycling cavity. 

2. The device of claim 1, wherein the light source is an 
LED. 

3. The device of claim 1, wherein the first reflecting struc 
ture is elongated along an axis that is Substantially parallel 
with a peripheral edge of the extended output area. 

4. The device of claim 1, wherein the light source is one of 
a plurality of light Sources arranged in a row that extends 
parallel to a peripheral edge of the extended output area. 

5. The device of claim 4, wherein the light sources are 
LEDS. 

6. The device of claim 5, wherein the light source is dis 
posed proximate the back reflector and within the recycling 
cavity. 

10 

15 

25 

14 
7. The device of claim 4, wherein the first and second 

reflecting structures are each elongated along an axis that is 
substantially parallel with the peripheral edge. 

8. The device of claim 7, wherein the light source is dis 
posed proximate the back reflector and within the recycling 
cavity. 

9. The device of claim 1, wherein the front reflector reflects 
oblique-angle light more than normally incident light, and the 
injection beam provides more oblique-angle light than nor 
mally incident light. 

10. The device of claim 9, wherein the light source is 
disposed proximate the back reflector and within the recy 
cling cavity. 

11. The device of claim 1, wherein the inner reflective 
Surface also has a Substantially vertical portion that connects 
the inclined portion to the back reflector such that the first 
wedge is a truncated wedge. 

12. The device of claim 1, wherein a first reflecting struc 
ture has an outer reflective surface at least a portion of which 
is inclined relative to the back reflector. 

13. The device of claim 12, wherein the inclined portion of 
the outer reflective surface is substantially parallel to the 
inclined portion of the inner reflective surface. 

14. The device of claim 1, wherein the second reflecting 
structure has inclined reflective Surfaces forming a generally 
concave shape. 

15. The device of claim 1, wherein the light source is 
disposed proximate the back reflector and within the recy 
cling cavity. 


