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Backlights containing low profile, side-emitting LEDs are 
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PATENT LAW GROUP LLP embodiment, the backlight comprises a Solid transparent 
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SANJOSE, CA 95134 (US) the lightguide, each opening containing a side-emitting LED. 

Prisms or other optical features are formed in the top wall of 
each opening to reflect light in the lightguide towards a light 
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LIGHTING COMPANY, LLC, LEDs do not appear as dark spots at the output of the back 
San Jose, CA (US) light. To avoid any direct emission from the sides of the LED 

s toward the output Surface of the lightguide appearing as 
bright areas, optical features are formed at the edges of the 

(21) Appl. No.: 11/863,167 opening or in the output Surface of the lightguide so that direct 
emission light is not output from the lightguide. Substantially 
identical cells may be formed in the lightguide using cellular 
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THIN BACKLIGHT USINGLOW PROFILE 
SIDE EMITTING LEDS 

FIELD OF INVENTION 

0001. This invention relates to backlights using light emit 
ting diodes (LEDs) and, in particular, to techniques for form 
ing thin backlights using side-emitting LEDs. 

BACKGROUND 

0002 Liquid crystal displays (LCDs) are commonly used 
in cell phones, personal digital assistants (PDAs), portable 
music players, laptop computers, desktop monitors, and tele 
vision applications. One embodiment of the present invention 
deals with a color or monochrome, transmissive LCD that 
requires backlighting, where the backlight may use one or 
more LEDs emitting white or colored light. The LEDs are 
distinguished from laser diodes in that the LEDs emit inco 
herent light. 
0003. In many small displays, such as for cellphones, it is 
important that the display and backlight be thin. In such small 
backlights, one or more LEDs are optically coupled to or near 
the edges of a solid transparent lightguide (also referred to as 
a waveguide). Light in the lightguide leaks out atop Surface of 
the lightguide to illuminate a back Surface of a liquid crystal 
display (LCD) panel. In such smallbacklights, the LCD panel 
does not overlie the LEDs since the LEDs would appear as a 
bright spot or, if the LEDs were only side-emitting, the LEDs 
would appear as a dark spot. Such edge-coupling to a solid 
lightguide is not practical for a large backlight due to the 
attenuation of light through the lightguide, making the center 
area much darker than the edge areas and/or reducing the total 
efficiency and light output. 
0004 For large backlights, such as for televisions, LEDs 
are typically distributed on the bottom surface of a reflective 
backlight box. The light from the array of LEDs is mixed in 
the box, to create a Substantially uniform light emission, by 
the light rays overlapping and the light being reflected off the 
walls of the box. Such a backlight box is rigid. Large back 
light boxes are difficult to handle and are expensive to manu 
facture. 
0005 What is needed is a backlight that can be scaled for 
large applications, yet does not have the drawbacks of large 
backlights formed using LEDs within a rigid backlight box. 

SUMMARY 

0006 Various types of thin side-emitting non-lasing LEDs 
are described herein for creating a thin, flexible backlight for 
backlighting an LCD. The LEDs are flip-chips, with the cath 
ode and anode electrodes on the mounting Surface of the 
LED. No wire bonds are used in the preferred embodiment. 
The LEDs may have a thickness of less than 0.5 mm. The total 
thickness of an LED and a Submount may be less than 1 mm. 
0007. The backlight is a solid transparent lightguide, such 
as a polymer (e.g., PMMA), with an array of the side-emitting 
LEDs positioned within openings formed in a bottom Surface 
of the lightguide. The bottom surface of the light guide is 
reflective, by means of a reflective foil formed on the bottom 
surface or the lightguide being located in a reflective tub. 
Distributed on the bottom surface of the lightguide are micro 
prisms, or other light scattering features, that reflect light 
toward a top output Surface of the lightguide opposite to the 
bottom surface. 
0008. In order for the side-emitting LEDs to not appear as 
dark spots at the output of the lightguide, at least one prism (or 
other light scattering feature) is formed in the lightguide over 
the LED. The prism forms part of the top surface of the 
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opening for the LED. In Such a configuration, the optical 
properties of the lightguide over the LED are virtually iden 
tical to the optical properties elsewhere in the lightguide, so 
no dark or bright spots are discernable at the output of the 
backlight. 
0009. Some light emitted from the sides of the LED is 
directed toward the output surface of the lightguide. To pre 
vent such light from appearing as bright areas around the 
LED, at least one light scattering feature is located at the 
edges of the opening or on the output Surface of the lightguide 
to prevent such direct light from being output above the LED, 
which is a much more efficient alternative than absorbing the 
light with an absorbing material. 
0010. The side-emitting LEDs may be mounted on a flex 
ible circuit that interconnects the LEDs, and the transparent 
lightguide may be made very thin, such as about 1 mm in 
thickness. Therefore, the backlight may be flexible and can be 
formed in a continuous roll. The continuous roll may be cut to 
any size for a particular size LCD. 
0011. In one embodiment, the LEDs in a column of LEDs 
(along a width dimension of the lightguide roll) may be 
mounted on a flexible circuit that interconnects the LEDs in a 
column. The ends of the flexible circuit for multiple columns 
of LEDs may then be coupled together in series and/or par 
allel and connected to a current Supply for energizing the 
LEDs in the backlight. Such a system could also be used for 
other applications such as general illumination. 
0012. In one embodiment, the lightguide is positioned in a 
reflective tub when assembling the LCD so that any light 
escaping from the sides or base surface is redirected back into 
the lightguide. The reflective tub also provides structural Sup 
port for the flexible backlight and helps align the LCD panel 
with respect to the backlight. 
0013. In another embodiment, typically for large back 
lights, the backlight may be up to 10 mm thick and not 
flexible. Increasing the thickness typically improves the mix 
ing of light from separated LEDs for better color and bright 
ness uniformity across the backlight. 
0014. In one embodiment, each LED is identical and emits 
white light by the use of a blue LED die with a phosphor layer 
that contributes red and green components. 
0015. In one embodiment, the light from various LEDs is 
mixed in the transparent lightguide. 
0016. In another embodiment, each LED is surrounded by 
specular or diffusing reflecting walls that essentially create a 
rectangular cell around each LED, so there is limited mixing 
of the light from multiple LEDs. In one variation, the walls do 
not extend completely between the top and bottom surfaces of 
the backlight so as to let light from one cell enter other cells. 
In another variation, the LEDs are in line with the walls 
thereby dividing the light between multiple cells. For 
example, one LED at the corner of four cells may be equally 
shared by the four cells. In another embodiment, each wall of 
a cell shares an LED with an adjacent cell, and another LED 
is in the middle of each cell, thereby providing light from five 
LEDs for each cell. Any combinations of the embodiments 
are envisioned. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1A is a cross-sectional view of a low profile, 
side-emitting LED in accordance with an embodiment of the 
invention. 

(0018 FIG. 1B illustrates the side-emitting LED of FIG. 
1A with collimation optics. 
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0019 FIG. 2 is a partial cross-sectional view of a backlight 
cut through the LEDs in accordance with an embodiment of 
the invention. Also shown is an LCD panel separated from the 
backlight. 
0020 FIG.3 is a top down view of the backlight of FIG.2, 
showing additional LEDs. 
0021 FIG. 4 is a partial cross-sectional view of a backlight 
cut through the LEDs where the backlight is divided into 
cells, in accordance with another embodiment of the inven 
tion. 
0022 FIG.5 is a top down view of the backlight of FIG.4, 
showing additional LEDs. 
0023 FIG. 6 is a partial cross-sectional view of a backlight 
cut through the LEDs where the backlight cell walls do not 
completely extend between the top and bottom surfaces of the 
backlight, in accordance with another embodiment of the 
invention. 
0024 FIG. 7 is a partial cross-sectional view of a backlight 
cut through the LEDs where the LEDs are in line with the 
backlight cell walls so that light from each LED is divided 
amongst two cells, in accordance with another embodiment 
of the invention. 
0025 FIG. 8 is a top down view of the backlight of FIG. 7, 
showing additional LEDs, where the LEDs can be optionally 
individually addressed. 
0026 FIG.9 is a top down view of a portion of a backlight 
illustrating how the LEDs may be positioned at the corners of 
four cells, in accordance with another embodiment of the 
invention. 
0027 FIG. 10 is a cross-section of the edge of a cell, or 
segment, and illustrates how the edges of each cell may have 
angled edges for reflecting light toward the output Surface. 
0028 FIG. 11 is similar to FIG. 10 and shows a slightly 
different cell edge. 
0029 FIG. 12 illustrates how the top surface of the light 
guide may have optical features, such as prism-shaped 
indents, that increase the light extraction over a side-emitting 
LED so that there is no dark spot over the LED. 
0030 FIG. 13 illustrates a potential problem with a bright 
pattern from the side-emitting LED appearing at the output of 
the lightguide due to some of the side-emitting LED light 
being emitted upward. 
0031 FIG. 14 illustrates a fix to the problem of FIG. 13 
where refraction features are located at the top edges of the 
lightguide indent for the side-emitting LED. 
0032 FIG. 15 illustrates another fix to the problem of FIG. 
13, where total internal reflection (TIR) features are formed 
on the output Surface of the lightguide. 
0033 FIG. 16 illustrates a variation of the TIR features of 
FIG. 15. 
0034 FIG. 17 illustrates a blue light side-emitting LED 
within an indent in the bottom of a lightguide, with a white 
light phosphor layer (e.g.,YAG) over the output surface of the 
lightguide so that the emitted light is white. 
0035 FIG. 18 is a cross-sectional view of side-emitting 
lens shape, which is symmetrical around a central axis, that 
may be used instead of a metal reflector layer over the semi 
conductor LED. 
0036 FIG. 19 illustrates how the lightguide may be rolled 
after fabrication for ease of handling. 
0037 Elements that are similar or identical in the various 
figures are labeled with the same numeral. 

DETAILED DESCRIPTION 

0038 Embodiments of the present invention comprise low 
profile side-emitting LEDs in conjunction with thin light 
guide designs for providing a uniform light emitting Surface. 
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A typical application for the invention is as a thin backlight in 
an LCD or general illumination. 
0039 FIG. 1A is a cross-sectional view of one embodi 
ment of a thin, side-emitting LED 10. Other embodiments of 
thin, side-emitting LEDs that may be used in the backlight 
embodiments can be found in U.S. application Ser. No. 
1 1/423.419, entitled Low Profile Side Emitting LED, filed 
Jun. 9, 2006, by Oleg Shchekinet al., assigned to the present 
assignee, and incorporated herein by reference. 
0040. The active layer of the LED 10 in one example 
generates blue light. LED 10 is formed on a starting growth 
substrate, such as sapphire, SiC, or GaN. Generally, an 
n-layer 12 is grown followed by an active layer 14, followed 
by a p-layer 16. The p-layer 16 is etched to expose a portion 
of the underlying n-layer 14. Reflective metal electrodes 18 
(e.g., silver, aluminum, or an alloy) are then formed over the 
surface of the LED to contact the n and players. When the 
diode is forward biased, the active layer 14 emits light whose 
wavelength is determined by the composition of the active 
layer (e.g., AlInGaN). Forming such LEDs is well known and 
need not be described in further detail. Additional detail of 
forming LEDs is described in U.S. Pat. No. 6,828,596 to 
Steigerwald et al. and U.S. Pat. No. 6,876,008 to Bhat et al., 
both assigned to the present assignee and incorporated herein 
by reference. 
0041. The semiconductor LED is then mounted on a sub 
mount 22 as a flip chip. The Submount 22 contains metal 
electrodes 24 that are soldered or ultrasonically welded to the 
metal electrodes 18 on the LED via solder balls 26. Other 
types of bonding can also be used. The solder balls 26 may be 
deleted if the electrodes themselves can be ultrasonically 
welded together. 
0042. The submount electrodes 24 are electrically con 
nected by metal vias to pads on the bottom of the submount so 
the Submount can be surface mounted to metal pads on a 
flexible circuit 28 or printed circuit board. The flexible circuit 
28 comprises a verythin polymer insulator with printed metal 
traces ultimately connected to a power Supply. The Submount 
22 may be formed of any suitable material. Such as ceramic, 
silicon, aluminum, etc. If the Submount material is conduc 
tive, an insulating layer is formed over the Substrate material, 
and the metal electrode pattern is formed over the insulating 
layer. The Submount 22 acts as a mechanical Support, pro 
vides an electrical interface between the delicate n and p 
electrodes on the LED chip and the power Supply, and pro 
vides heat sinking. Submounts are well known. 
0043. To cause the LED 10 to have a very low profile, and 
to prevent light from being absorbed by the growth substrate, 
the growth substrate is removed, such as by CMP or using a 
laser lift-off method, where a laser heats the interface of the 
GaN and growth substrate to create a high-pressure gas that 
pushes the substrate away from the GaN. In one embodiment, 
removal of the growth substrate is performed after an array of 
LEDs are mounted on a submount wafer and prior to the 
LEDS/Submounts being singulated (e.g., by sawing). 
0044. After the growth substrate is removed, a planar 
phosphor layer 30 is positioned over the top of the LED for 
wavelength-converting the blue light emitted from the active 
layer 14. The phosphor layer 30 may be preformed as a 
ceramic sheet and affixed to the LED layers, or the phosphor 
particles may be thin-film deposited, such as by electrophore 
sis. The phosphor ceramic sheet may be sintered phosphor 
particles or phosphor particles in a transparent or translucent 
binder, which may be organic or inorganic. The light emitted 
by the phosphor layer 30, when mixed with blue light, creates 
white light or another desired color. The phosphor may be a 
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YAG phosphor that produces yellow light (Y--B-white), or 
may be a red and green phosphor (R--G+B=white). 
0045. With a YAG phosphor (i.e., Ce:YAG), the color tem 
perature of the white light depends largely on the Ce doping 
in the phosphoras well as the thickness of the phosphor layer 
3O. 
0046. A reflective film 32 is then formed over the phosphor 
layer 30. The reflective film 32 may be specular or diffusing. 
A specular reflector may be a distributed Bragg reflector 
(DBR) formed of organic or inorganic layers. The specular 
reflector may also be a layer of aluminum or other reflective 
metal, or a combination of DBR and metal, or titanium oxide 
particles in a Solgel solution. A diffusing reflector may be 
formed of a metal deposited on a roughed Surface or a diffus 
ing material Such as a suitable white paint. The phosphor layer 
30 also helps to diffuse the light to improve light extraction 
efficiency. 
0047 Although side-emitting lenses are sometimes used 

to divert all light emitted by an LEDs top surface into a 
circular side-emission pattern, such lenses are many times the 
thickness of the LED itself and would not be suitable for an 
ultrathin backlight. 
0048. In a non-preferred embodiment of a side-emitting 
LED (not shown), two mirror layers (e.g., reflective films) are 
formed over opposite sides of the phosphor layer, perpendicu 
lar to the semiconductor LED layers, to sandwich the phos 
phor layer. The LED would then be positioned within a light 
guide such that the major face of the LED semiconductor 
layers is perpendicular to the top and bottom surfaces of the 
lightguide, with the mirror Surfaces being parallel with the top 
and bottom surfaces of the lightguide. Light then exits the 
three open sides of the phosphor layer generally parallel to the 
mirror layers to enter the backlight lightguide. 
0049 Any LED that emits most of its light within a low 
height/area or within a narrow or restricted angle between the 
top and bottom Surfaces of the backlight lightguide is consid 
ered a side-emitting LED in this disclosure. If the reflective 
layer(s) on the LED are very thin, some light may leak 
through the reflective layer(s); however, this leakage is typi 
cally less than 10%. A suitable side-emitting LED may even 
be an LED having a lens that redirects the light primarily 
within the plane of the lightguide. The lens may use total 
internal reflection, collimation optics, or any other technique. 
0050 FIG. 1B illustrates a side-emitting LED 10 that 
includes collimation optics 33. A support surface 34 may 
support the optics 33. The collimation optics 33 collimate the 
light before the light enters the lightguide. In another embodi 
ment, a Fresnel lens may be formed on a side of the LED for 
collimating the light. 
0051 Processing of the LED semiconductor layers may 
occur before or after the LED is mounted on the submount 22. 

0.052. In one embodiment, the submount 22 has a thick 
ness of about 380 microns, the semiconductor layers have a 
combined thickness of about 5 microns, the phosphor layer 30 
has a thickness of about 200-300 microns, and the reflective 
film 32 has a thickness of about 100 microns, so that the LED 
plus the submount is less than 1 mm thick. Of course, the LED 
10 can be made thicker. The length of each side of the LED is 
typically less than 1 mm. 
0053. If the LED need not be ultra-thin, the efficiency of 
the side emission may be increased by adding a clear light 
guiding layer over the n-layer 12, a scattering layer over the 
phosphor layer incorporating reflective particles or a 
roughed/prism Surface, and a dichroic mirror or a one-way 
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mirror (like a dichroic mirror) below the phosphor layer 30 so 
that the wavelength-converted light downwardly reflected by 
the reflective film 32 is not absorbed by the semiconductor 
layers. 
0054 Side-emitting flip-chip LEDs provide a number of 
advantages when used in lighting systems. In backlights, 
side-emitting flip chip LEDs allow utilization of thinner light 
guides, fewer LEDs, better illumination uniformity, and 
higher efficiency due to better coupling of light into a light 
guide. 
0055 FIG. 2 is a partial cross-sectional view of a backlight 
40 using the LEDs 10 and cut across two LEDs 10. FIG. 3 is 
a top down view of the fullbacklight 40. 
0056. A polymer sheet (e.g., PMMA) forms a transparent 
lightguide 42. In one embodiment, the thickness of the light 
guide 42 is 1-2 mm so that it is flexible and can be rolled up. 
In another embodiment, the lightguide 42 is up to 10 mm 
thick for larger backlight applications to increase the light 
mixing for improved color and brightness uniformity across 
the backlight. 
0057 Molded into the bottom surface of the lightguide are 
prisms 44 that reflect light upward toward the top of the 
lightguide 42. Instead of prisms, other Surface shapes may be 
formed that redirect light upwards, such as a random rough 
ening of the bottom Surface by etching or sandblasting to form 
pits. The distribution of the prisms 44 is such that the upward 
light, when diffused by a thin diffuser sheet 46, creates a 
Suitably uniform light emission across the light output Surface 
of the backlight 40. The diffuser sheet 46 may be positioned 
directly on the lightguide 42 or separated from the lightguide 
42. 
0.058 Indentations 48 (or holes or openings) are also 
molded into the bottom of the lightguide 42 in which are 
inserted the side-emitting LEDs 10. The submounts 22 do not 
need to be inserted into the indentations 48, so the indenta 
tions 48 can be very shallow, such as 0.3-0.5 mm. If the 
submount has about the same dimensions as the LED, the 
indentions 48 can be made deeper, and the LED and at least a 
portion of the submount may be fitted within an indentation 
48. This may increase the incoupling efficiency into the light 
guide. 
0059. Since the side-emitting LEDs 10 emit little upward 
light, a prism 44 (or other reflector) is also molded into the top 
wall of the indentations 48 so that the light emission over an 
indentation area appears no different from any other area of 
the backlight 40. Without the prism 44 over the LED 10, LED 
area could appear as a dark spot at the output of the backlight 
40. 

0060. The indentions 48 may have vertical orangled side 
walls. 
0061. A reflective film 49 may be formed or placed over 
the back Surface of the lightguide 42 and side Surfaces to 
reflect all light back into the lightguide 42 and generally 
towards the top surface. The film 49 may be Enhanced Specu 
lar Reflector (ESR) film available from 3M Corporation. 
Alternatively, the backlight 40 is positioned in a shallow 
reflective tub for reflecting all light back into the lightguide 42 
and for providing structural Support when assembling the 
LCD. The reflective box may also align the LCD panel over 
the backlight. The reflector may be specular or diffusing. 
0062 Various light rays 51 are shown, illustrating the gen 
eral principle of upward reflection of the side emission from 
the LEDs by the prisms 44 and reflective bottom surface. The 
side-emissions from all the LEDs mix together within the 
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lightguide 42, and the mixed light leaks out through the top 
surface of the backlight 40 for a uniform emission across the 
output surface of the backlight 40 (which includes the diffuser 
sheet 46). 
0063. If the reflective film 32 is very thin, some light will 
leak through the reflective film 32. Generally, for a side 
emitting LED, less than 10% of the light leaks through the 
reflector. In order to prevent Such leakage being seen as a light 
dot at the top surface of the backlight, the top wall of the 
indentions 48 may have light scattering features 53, such as 
by molding in Small prisms, Scallop shaping, roughening, or 
providing light absorbing areas. Thereby, any upward light 
from the LED through the reflective film 32 will be spread out 
and not be noticeable. In addition, the diffuser sheet 46 can be 
patterned and optimized to compensate for any non-unifor 
mities in the light extracted from the lightguide. 
0064. The LEDs 10 may be electrically connected 
together and connected to a current supply 50 using a flexible 
circuit 28. Such a flexible circuit 28 comprises a thin insulat 
ing sheet or ribbon with metal traces terminating in a connec 
tor. The metal traces may interconnect the LEDS in series 
and/or parallel. The flexible circuit may be adhesively affixed 
to the bottom surface of the lightguide 42 for fixing the LEDs 
in place, and/or the LEDs may be separately adhesively 
secured within each indentation 48 using silicone or any other 
suitable adhesive. 
0065. The flexible circuits 28 should provide adequate 
heat conduction between the LEDs and a heat sinking Surface 
on which the backlight is positioned when assembling the 
LCD. 
0066. One or more thin brightness enhancement films 
(BEF) 54 are positioned over the diffuser sheet 46 for direct 
ing the diffused light within a certain viewing angle for 
increasing the brightness within that angle. 
0067. A conventional liquid display panel 56 is then posi 
tioned over the backlight 40 to create an LCD for displaying 
color images. The LCD can produce color images using pixel 
shutters (e.g., a liquid crystallayer in combination with a TFT 
array), polarizers, and RGB filters. Such LCD panels are well 
known. 
0068 FIG. 3 is a top view of the backlight 40 illustrating 
an array of 16 LEDs, where each column of LEDs is con 
nected together in series by a flexible circuit 28. Alternatively, 
all the LEDs 10 may be interconnected by a single flexible 
circuit sheet in series and/or parallel. The flexible circuit 
conductors may be terminated with a connector 58 and con 
nected to a current supply 50. The lightguide 42 is either 
mounted in a reflective tub, or reflective foil surrounds the 
back and side Surfaces. 

0069. In one embodiment, each LED emits white light. In 
another embodiment, there are red, green, and blue emitting 
LEDs distributed around the backlight whose light is mixed in 
the lightguide to create white light. 
0070 FIG. 4 is a partial cross-sectional view of another 
type of backlight 60, where each LED 10 is located in an 
optical cell 61. The cell walls 62 are diffusively reflective, or 
translucent, so that almost all light emitted by an LED within 
a cell is emitted only by that cell. In another embodiment, the 
cell walls are specular. The cell walls 62 may be formed in 
various ways, such as by separately forming the lightguide 
cells and adhesively securing the cells to the diffuser sheet 46 
or to the reflective foil 49 with the cell wall material in 
between the cells, or by molding the lightguide to have wall 
openings and filling the openings with a white diffusing mate 
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rial, or by forming the walls at the same time as forming the 
transparent portions of the lightguide, or by creatinga Support 
structure having the walls and then forming the lightguide 
layer over the Support structure and walls, or by forming the 
walls using any other Suitable means. The walls may even be 
formed by molding a large reflective prism around each LED 
cell. By forming each cell identically, each cell will output the 
same light to form a very uniform light emission after diffu 
sion by the diffuser sheet 46. 
(0071. In a variation of FIG. 4, there are multiple LEDs 
within each cell, and the light from the multiple LEDs mix 
within the cell. There may be 2, 3, 4, or more LEDs per cell. 
(0072 FIG.5 is a top down view of the backlight 60 of FIG. 
4, with the LEDs 10 electrically coupled to a current supply 
50 using a flexible circuit and connector 58. 
(0073 FIG. 6 illustrates a variation of the backlight of FIG. 
4, where the walls 66 extend only partially through the light 
guide 61 thickness. In this embodiment, there is much more 
mixing of light from LEDs in different cells since some light 
passes over the walls into different cell areas. As in all 
embodiments, the diffuser sheet 46 may be patterned to opti 
mize the brightness uniformity across the backlight. 
0074 FIG. 7 illustrates another variation of the backlight 
of FIG. 4, where the LEDs are in line with the cell walls 67. 
The cell walls may extend around each LED so that the light 
from each LED is divided between adjacent cells. 
(0075 FIG. 8 is a top down view of the backlight 68 of FIG. 
7, with the LEDs 10 electrically coupled to a current supply 
50 using a flexible circuit and connector 58. The edge LEDs 
10 may be smaller since their light is not divided between 
cells, or the areas of the edge cells may be made Smaller. 
Additional LEDs may be in line with the horizontally drawn 
cell walls to provide light from four LEDs to each cell. A 
single LED 10 (for simplicity) is shown in dashed outline in 
line with a horizontal wall. This improves color uniformity 
since the color temperatures of LEDs slightly vary, and the 
combined light from a plurality of LEDs averages the color 
temperature. 
0076. In one embodiment, there may be five LEDs percell, 
four in line with the four cell walls and one in the center of a 
cell. In all embodiments, the size of a cell may be dependent 
on the desired brightness of a cell and the number of LEDs in 
a cell. The cells may be modular so that a larger backlight may 
beformed by simply adding cells without concern of how the 
additional cells will affect the rest of the backlight. 
0077. The LEDs may be connected is a combination of 
serial and parallel to obtain the desired voltage drop. In 
another embodiment, the individual LEDs making up the 
backlight or each group of LEDs in a cell may be separately 
controlled to optimize the brightness uniformity. 
0078 FIG.9 is a top down view of a portion of a backlight, 
similar to FIGS. 7 and 8, but where the LEDs 10 are located 
at the corners of the cell walls 70. Thus, each LED contributes 
light to four adjacent cells. An additional LED 10 (shown in 
dashed outline) may be positioned in the middle of each cell 
for additional brightness or better uniformity. The LEDs at 
the edges of the backlights may be smaller so that the edge 
cells have the same brightness as the other cells, or the cells 
may have a smaller area. 
007.9 FIG. 10 is a cross-section of the edges of two abut 
ting cells, or segment, in any of the described backlights. Such 
as those shown in FIGS. 5, 8, and 9. Instead of the edges of a 
cell being vertical walls, the edges 72 may be angled to reflect 
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light 73 (by TIR) upward toward the output surface 74 of the 
lightguide 75. The upper part of each edge is vertical. 
0080 FIG. 11 is similar to FIG. 10 but shows the angled 
edges 76 extending all the way to the top of the lightguide 77. 
The angles of the edges may be optimized to provide the best 
uniformity of light across each cell or allow only a controlled 
amount of light to pass between neighboring cells, where the 
angle controls the amount of totally internally reflected light 
versus light that leaks through and/or gets reflected by the 
bottom mirror into the neighboring cell. 
I0081 FIG. 12 illustrates how the top surface 78 of the 
lightguide 79 may have optical features 80, such as prisms, 
hip roofs (i.e., a shape with four flat sloping sides), cones, 
spheres, ellipsoids, pyramids, holes, bumps, or variations 
thereof, that increase the light extraction over a side-emitting 
LED 10 so that there is no dark spot over the LED. FIG. 12 
shows light rays 82, at a shallow angle to the top surface of the 
lightguide, that would normally reflect back into the light 
guide. However, due to the angled indent 79, the light ray 82 
is emitted over the LED to improve the uniformity of bright 
ness across the entire lightguide. 
0082 FIG. 13 illustrates a potential problem with a bright 
pattern from the side-emitting LED 10 appearing at the output 
of the lightguide 84 due to some of the side-emitting LED 
light 85 being emitted upward. 
I0083 FIG. 14 illustrates a fix to the problem of FIG. 13 
where refraction features 88 are formed near the top edges of 
the lightguide indent 90 for the side-emitting LED 10. The 
upward light 92 emitted from the sides of the LED 10 is 
directed away from above the LED 10 to prevent bright areas 
around the LED. This improves the uniformity of light emit 
ted by lightguide 93, which is an efficient alternative to 
absorbing the light with an absorbing material. 
I0084 FIG. 15 illustrates another fix to the problem of FIG. 
13, where total internal reflection (TIR) features 94 are 
formed on the output surface of the lightguide 95 to prevent 
bright areas around the LED. 
0085 FIG. 16 illustrates a variation of the TIR features of 
FIG. 15, where TIR features 97 are formed on the output 
surface of the lightguide 98 to prevent bright areas around the 
LED 10. 

I0086. Any of the lightguide features described herein may 
be combined into a single lightguide. 
I0087 FIG. 17 illustrates a blue light side-emitting LED10 
within an indent 100 in the bottom of a lightguide 102, with a 
white light phosphor layer 104 over the output surface of the 
lightguide so that the emitted light is white. AYAG phosphor 
layer 104 emits yellow-green light when energized by blue 
light, and the combination of the converted light and the blue 
light leaking through creates white light. The phosphor layer 
104 may also be a combination of red and green phosphors to 
create white light. The LED 10 may also emit UV, and the 
phosphor layer 104 may include blue, green, and red phos 
phors to create white light. 
0088. In the various embodiments, the side-emission is 
created by a reflective layer (e.g., metal) over the LED die. 
However, side-emission may be created by forming a side 
emitting lens over the LED that uses TIR to redirect the LED 
light. FIG. 18 is a cross-sectional view of side-emitting lens 
106, which is symmetrical around a central axis, that may be 
used instead of a reflector layer over the semiconductor LED 
108. The LED 108 is about 0.63 mm wide, and the lens 106 
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has a diameter of about 5 mm and a height of about 2.25 mm. 
Using a side-emitting lens greatly limits the minimum thick 
ness of a backlight. 
I0089 Various other types of side-emitting LEDs may be 
use in conjunction with the inventive backlight, where the 
backlight avoids dark spots and bright spots by having optical 
features formed in the lightguide so that the LED areas appear 
essentially the same as the non-LED areas. 
0090. In all the embodiments, the optical features that are 
molded into the lightguide to scatter the light may be instead 
be scattering reflectors that are deposited over the lightguide 
Surface at approximately the same positions as the indented 
features shown in the figures. Such scattering (diffusing) 
reflectors may be a white pigment, such as a suitable white 
paint, or a metal, or other material. Such material may be 
deposited using any suitable means, such as screen-printing, 
sputtering, evaporation, or other means. 
0091 All the embodiments of the lightguides may be used 
to backlight an LCD or used for general purpose lighting 
where a thin lighting source is desired. 
0092. Since the backlights of FIGS. 2-17, containing the 
LEDs 10, may be on the order of 1 mm thick, the backlights 
may be fabricated using a process that ultimately rolls the 
backlight into a continuous roll, as shown in FIG. 19. In one 
embodiment, the diffuser sheet 46 and BEF54 are also affixed 
to the backlight and rolled. However, in the preferred embodi 
ment, the diffuser sheet 46 and BEF 54 are affixed after the 
backlight is unrolled to avoid delamination. For assembly of 
the LCD, the manufacturer of the LCD may cut the backlight 
to the desired length and width for a single LCD. The back 
light and LCD panel are then assembled. 
0093. Additionally, in some applications, a flexible LCD 

is desired, and the flexibility of the backlight enables the 
flexible feature of the final LCD. 
0094. Having described the invention in detail, those 
skilled in the art will appreciate that given the present disclo 
Sure, modifications may be made to the invention without 
departing from the spirit and inventive concepts described 
herein. Therefore, it is not intended that the scope of the 
invention be limited to the specific embodiments illustrated 
and described. 

What is claimed is: 
1. A light emitting device comprising: 
at least one side-emitting, non-lasing light emitting diode 

(LED), wherein a majority of light emitted normal to a 
top surface of a semiconductor LED die is redirected 
away from the normal; and 

a lightguidehaving an output surface through which light is 
emitted, 

the lightguide having at least one indention in a first Sur 
face, opposite the output Surface, wherein each inden 
tion contains a side-emitting LED, walls of the indention 
forming part of the first Surface, 

the lightguide having optical features on at least one of the 
output Surface and the first Surface for limiting an 
appearance of dark areas over each LED or bright areas 
proximate to each LED, the optical features redirecting 
light to improve a uniformity of brightness across the 
output Surface of the lightguide. 

2. The device of claim 1 wherein the optical features com 
prise at least one optical feature formed in a top wall of the at 
least one indentation containing a respective LED. Such that 
light within the lightguide impinging on an optical feature 
overlying each LED is redirected towards the output surface 
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of the lightguide so the side-emitting LED does not appear as 
a dark spot at the output Surface of the lightguide. 

3. The device of claim 1 wherein the optical features com 
prise at least one optical feature formed in the output Surface 
of the lightguide generally above a respective LED, such that 
light impinging on an optical feature above each LED is 
redirected so as to be emitted through the output surface 
generally above the LED so the side-emitting LED does not 
appear as a dark spot at the output Surface of the lightguide. 

4. The device of claim 1 wherein the optical features com 
prise at least one optical feature formed near side edges of a 
top wall of the at least one indentation containing a respective 
LED, such that direct light from the LED emitted towards the 
output surface of the lightguide is redirected away from the 
output surface of the lightguide so Such direct light from the 
LED emitted towards the output surface of the lightguide 
does not appear as a bright spot at the output Surface of the 
lightguide. 

5. The device of claim 1 wherein the optical features com 
prise at least one optical feature formed in the output Surface 
of the lightguide generally above a respective LED, such that 
direct light from the LED emitted towards the output surface 
of the lightguide is redirected away from the output surface of 
the lightguide so such direct light from the LED emitted 
towards the output Surface of the lightguide does not appear as 
a bright spot at the output Surface of the lightguide. 

6. The device of claim 1 wherein the optical features com 
prise indented features. 

7. The device of claim 1 wherein the optical features com 
prise prisms, hip-roofs, spheres, ellipsoids, pyramids, pits, 
bumps, or holes formed in or on a Surface of the lightguide. 

8. The device of claim 1 wherein the optical features are 
molded into a surface of the lightguide. 

9. The device of claim 1 wherein the optical features com 
prise scattering reflectors deposited on a Surface of the light 
guide. 

10. The device of claim 1 wherein the scattering reflectors 
comprise a white pigment. 

11. The device of claim 1 wherein the LED has a thickness 
less than 2 mm. 

12. The device of claim 1 further comprising a submount 
on which the LED is mounted. 

13. The device of claim 1 wherein the LED further com 
prises a phosphor layer. 

14. The device of claim 13 wherein the LED, including the 
phosphor layer, emits white light. 

15. The device of claim 1 further comprising a phosphor 
layer overlying the output Surface of the lightguide, wherein 
the side-emitting LED emits blue light. 

16. The device of claim 1 wherein light emitting sides of 
the LED have a height less than 1 mm. 

17. The device of claim 1 further comprising a reflector 
sheet adjacent the first surface for reflecting light toward the 
output surface. 

18. The device of claim 1 further comprising a flexible 
circuit interconnecting a plurality of the LEDs. 

19. The device of claim 1 further comprising a liquid crys 
tal layer overlying the lightguide for selectively controlling 
pixels in a display screen. 

20. The device of claim 1 further comprising a diffuser 
sheet over the lightguide. 
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21. The device of claim 1 wherein the lightguide is flexible 
and rolled up during fabrication. 

22. The device of claim 1 wherein the side-emitting LED 
comprises collimation optics. 

23. The device of claim 1 wherein the lightguide comprises 
a plurality of cells, each cell containing at least one LED, each 
cell comprising cell walls Surrounding at least one LED, each 
cellular wall being at least partially reflective. 

24. The device of claim 23 wherein the cell walls reflect 
light by total internal reflection. 

25. The device of claim 23 wherein the cell walls comprise 
non-transparent reflective material. 

26. The device of claim 23 wherein the cell walls are angled 
so as to redirect light towards the output surface of the light 
guide. 

27. The device of claim 1 wherein the side-emitting LED 
comprises an active layer and reflector overlying the active 
layer, wherein the active layer and a bottom surface of the 
reflector facing the active layer are wholly located between 
the output surface and first Surface of the lightguide. 

28. The device of claim 1 wherein the lightguide has a 
thickness less than 10 mm. 

29. A light emitting device comprising: 
a plurality of side-emitting, non-lasing light emitting 

diodes (LED); 
a lightguidehaving an output surface through which light is 

emitted, each LED being positioned within an opening 
in the lightguide so as to optically couple light into the 
lightguide; and 

cellular walls within the lightguide at least partially sur 
rounding one or more LEDs, each cellular wall being at 
least partially reflective, wherein the cellular walls cre 
ate a plurality of cells in the lightguide, a light output 
from each cell being Substantially the same. 

30. The device of claim 29 wherein the cellular walls are 
diffusively reflective. 

31. The device of claim 29 wherein the cellular walls are 
translucent. 

32. The device of claim 29 wherein the cell walls are angled 
to redirect light to the output Surface of the lightguide. 

33. The device of claim 29 wherein at least some of the 
LEDs are in line with a cellular wall such that light from 
LEDs is divided between two or more cells. 

34. The device of claim 29 wherein at least some of the 
LEDs are positioned at intersections of a plurality of cellular 
walls. 

35. The device of claim 29 wherein the cells are modular 
Such that cells may be added to increase a size of the light 
emitting device. 

36. The device of claim 29 further comprising a liquid 
crystal display illuminated by the lightguide. 

37. The device of claim 29 wherein the light output of each 
of the LEDs is individually controllable. 

38. The device of claim 29 where the light output of each 
cell is separately controllable. 

39. The device of claim 29 wherein the cellular walls 
extend between top and bottom Surfaces of the lightguide. 

40. The device of claim 29 wherein the cellular walls 
extend only part way between top and bottom surfaces of the 
lightguide. 


