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BAFFLED MICRO-OPTICAL ELEMENTS
FOR THIN LIQUID CRYSTAL DISPLAY
BACKLIGHT UNITS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 60/839,596, filed on Jun. 26,
2013, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates to a backlighting appa-
ratus for direct-view backlight units, particularly for LCD
TVs, tablets, notebooks computers, and the like.

[0004] 2. Discussion of the Background

[0005] Light emitting diodes (LEDs) have now become the
preferred light sources for the backlight units (BLUs) of
liquid crystal display devices (LCDs). As a consequence of
their dramatic increase in efficacy, the number of LEDs
required to adequately illuminate BLUs has decreased by a
factor of 2 to 3 times over the past year. Also, consumer
demand for increasingly thinner LCD TV's mean that there is
aneed for new optical architectures to allow for the manufac-
ture of these thinner designs and yet still maintain adequate
luminance and uniformity to the LCD display panels.

[0006] Previous optics for direct-view BLUs included
small refractive lenses placed directly over LED light
sources, arranged in geometrical arrays, and acting as baffles
to redirect the intense light coming from the LEDs. As such,
hot spots in the LCD panel were reduced to acceptable levels,
with the result that the thickness of the resulting BLU was
typically 20-25 mm. Consumer demand for thinner LCD TVs
requires that a new optical architecture for BLUs be created to
accommodate BLUs of 12 mm thickness or less. Thus, this
patent application seeks to overcome the shortcomings of
previous patents and applications for BLUs, such as disclosed
in U.S. Patent Application Publication No. 2006/0138437A1,
U.S. Pat. Nos. 7,348,723, 7,445,370, 7,621,657, 7,798,679,
8,227,969, and 8,328,395, and baffled LED elements such as
disclosed in U.S. Pat. No. 6,007,209.

[0007] A typical flat-panel display may utilize an LCD to
display information. LCDs, which allow the display of alpha-
numeric, graphic, or other information, comprise a medium
whose transmittance changes in response to the application of
electrical potential across the medium. LCDs may be viewed
even in an otherwise dark environment, by applying illumi-
nation uniformly to their rear face. An exemplary backlight-
ing apparatus for an LCD is disclosed in U.S. Pat. No. 4,043,
636.

[0008] Itmay bedesirable forabacklight for LCDs, such as
those found in LCD TVs, to have certain attributes. Notebook
computers and tablets are often used during travel and in areas
with little light such as trains and airplanes. Hence, it may be
desirable that L.CDs have an acceptable level of brightness
and uniformity so that the user can easily read the information
on the display.

[0009] Furthermore, software applications that are used on
notebook computers, tablets, and LCD TVs usually require
color images. Hence the display may have spectral content
that is compatible with the colors displayed on the LCD. It
may also be desirable that the light source from the monitor be
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compact so that it will not significantly increase the size and
weight of the notebook computer, tablet, or LCD TV. Many
LCD TVs are currently made in a 16x9 format, and the
thinness of the display may be a critical factor to its purchase
by its end-user. Most LCD TV backlight units now require a
total thickness of 25 mm or less, and most recently, less than
13 mm in thickness.

[0010] Previously, the ultra-thin backlights were con-
structed using a 3-4 mm thick acrylic sheet, with the LEDs
being placed along one edge of the sheet, to couple the light
from the LEDs into a plastic waveguide and conduct the light
throughout the acrylic sheet using total internal reflection
(TIR). The light was then ejected by using an out-coupling
array of micro-dots or micro-lenses that disrupt the TIR and
allow the light to be uniformly extracted to the back surface of
the LCD display. The shortcoming of this method is that large
acrylic sheets may be expensive and relatively heavy.

[0011] To make the backlight units less costly and lighter,
manufacturers have turned to so-called direct view back-
lights. Here, the large acrylic sheet is replaced by an array of
small, light, and inexpensive lenses that spread the light out
over the surface of the backlight unit, such that it has sufficient
illuminance and uniformity. However, as the thickness of the
backlight unit decreases from 25 mm to the 11-12 mm range,
the refractive optical principles upon which theses lenses are
based may cease to yield acceptable uniformity. Thus, there is
aneed to create a new optical paradigm that will accommo-
date this 11-12 mm thick backlight requirement and still
allow for the reductions in cost and weight, while maintaining
good spatial uniformity.

[0012] U.S. Pat. No. 6,007,209 discloses baffling light
coming directly from an LED to an LCD screen, such that
LEDs could be arranged into a planar array of sources and
then be effectively used as a BLU for an LCD display. At the
time this patent issued, LEDs were not very efficient or pow-
erful, but in the succeeding 15 years white LEDs have gone
from an efficacy of 5 lumens/Watt, to more than 200 lumens/
Watt. As a consequence, the baffling technology that shields
the LED from creating a hot spot in the LCD display has to be
correspondingly much better at hiding and distributing the
light from the LED array so as to maintain excellent unifor-
mity and an acceptable value of illuminance. Previous lens
baffling elements such as those taught in U.S. Pat. Nos. 7,348,
723, 7,445370, 7,621,657, 7,798,679, 8,227,969, 8,328,395
must be improved upon to meet these new thinner BLU
requirements.

[0013] To understand the shortcomings of the previous
technologies in moving to these very thin BLU dimensions,
we must examine a little recognized optical feature called
Fresnel reflections. Over two hundred years ago, Augustin
Fresnel showed that when light went from one material with
a certain index of refraction to a second material with a
different index of refraction, a certain fraction of the light
beam would be transmitted and a certain part of the light beam
would be reflected. Many direct-view BLUs employ baffles
between the LED and LCD display screen that consists of an
array of small refractive lenses, such as disclosed in U.S. Pat.
No. 7,798,679.

[0014] As one moves to increasingly thinner BLUs, the
light directed laterally may suffer Fresnel reflections from the
lens/air interface, which are subsequently sent downward to
the printed circuit board (PCB), which is may be white, and as
a result retro-reflects that light directly onto the LCD screen
causing non-uniformities (usually evidenced as bright circles
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from the rotational symmetry of the lens). Imprinting a fac-
eted bottom surface has been shown to ameliorate this effect
somewhat, but it increasingly becomes more of a problem for
keeping good screen uniformity as the distance between the
baffling lens and the surface of the LCD screen shrinks to
distances of approximately 10 mm.

SUMMARY

[0015] Exemplary embodiments of the present disclosure
provide baffled micro-optical elements placed over an array
of LEDs, with all of the LEDs being placed directly beneath
the LCD display (so-called direct-view BLU).

[0016] Exemplary embodiments of the present disclosure
also provide optical surfaces that dispatch the light from LED
sources using primarily reflection, thus avoiding Fresnel
reflections, which result from relying on refraction, such that
good uniformity and illuminance is delivered by the LED
backlight apparatus to the LCD screen.

[0017] Exemplary embodiments of the present disclosure
also provide a baffled micro-optical element top-most surface
characterized by a diffuse reflective coating that has a diffuse
reflectivity of at least 90+%. The vertical reflecting surfaces
of the micro-optical elements are obtained by using prescrip-
tive specular reflecting surfaces coated with, for example,
sputtered aluminum or silver. Alternately, these surfaces can
be made reflective using total internal reflection (TIR) prop-
erties of a lens optic.

[0018] Exemplary embodiments of the present disclosure
also provide baffled cone reflectors having a height on the
order of 5 mm or smaller, and in some instances there may be
aholeinthe cone extending from the surface of the LED to the
top surface of the cone reflector.

[0019] Exemplary embodiments of the present disclosure
also provide an LED surrounded by a cup reflector whose
prescription is closely coordinated with the cone reflector to
vield good uniformity and illuminance. The cup reflector is
configured to gather up the light that would ordinarily be
emitted from the LED source in the lateral direction and make
sure that this light does not hit the LCD screen in an unguided
fashion, thus destroying the uniformity. Rather, this cup
reflector ensures that substantially all the light leaving the
LED must first strike the cone reflector, whereupon the light
will be prescriptively reflected to the white bottom floor of the
BLU, which itself may have a diffuse reflectivity in excess of
96%.

[0020] Exemplary embodiments of the present disclosure
relate to localized unit cells, in which after a certain spatial
distance away from the LED source, a circumferential ledge
is created. This circumferential bump or ledge is formed from
highly diffusive reflecting material (96+%) intended to scat-
ter light emitted laterally from the cone reflector and send that
light so that it is incident on the LCD display and adds to the
overall uniformity and optical efficiency of the display. By
superimposing some number of these unit cells, each of
which has outstanding local uniformity, it is possible to create
alarge BLU for LCD TVs.

[0021] Additional features of the disclosure will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0022] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the disclosure as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the disclosure, and
together with the description serve to explain the principles of
the disclosure.

[0024] FIG. 1 is a cross-sectional view of a baffled micro-
optical element showing Fresnel reflections off of a PCB and
retro-reflections to an LCD screen according to therelated art.
[0025] FIG. 2 is a cross-sectional view of a baffled micro-
optical element showing a faceted bottom structure according
to the related art.

[0026] FIG. 3 shows a plan view of an LED backlight unit
(BLU) according to an exemplary embodiment of the present
disclosure, with an optical film stack omitted.

[0027] FIG. 4 is a cross-sectional view of the LED back-
light unit of FIG. 3 taken along line A-A, and showing an
optical film stack disposed thereon.

[0028] FIG. 5 is a schematic representation of a baffled
micro-optical element including a conical reflector according
to an exemplary embodiment of the present disclosure.
[0029] FIG. 6 shows a side view of the conical reflector
according to the exemplary embodiment of FIG. 5.

[0030] FIG. 7 shows the conical reflector according to the
exemplary embodiment of FIG. 5.

[0031] FIGS. 8 and 9 show an extending direction of light
away from the conical reflector of FIG. 5.

[0032] FIG. 10 shows a plan view of an LED backlight unit
including the conical reflector of FIG. 5, according to an
exemplary embodiment of the present disclosure.

[0033] FIG. 11 shows a light pattern on the outside of the
LED backlight unit of FIG. 10 with an optical film stack
disposed thereon.

[0034] FIG. 12 shows the light pattern of FIG. 11 as a
contour illuminance plot.

[0035] FIG. 13 shows a plan view of an LED backlight unit
including the conical reflector of FIG. 5 and a tilted edge grid,
according to an exemplary embodiment of the present disclo-
sure.

[0036] FIG. 14 shows an inset plan view of the LED back-
light unit of FIG. 13.

[0037] FIG. 15 shows a light pattern on the outside of the
LED backlight unit of FIG. 13 with an optical film stack
disposed thereon.

[0038] FIG. 16 shows the light pattern of FIG. 15 as a
contour illuminance plot.

[0039] FIG. 17 shows a squared cone reflector according to
an exemplary embodiment of the present disclosure.

[0040] FIGS. 18 and 19 show an extending direction of
light away from the squared cone reflector of FIG. 17.
[0041] FIG. 20 shows the squared cone reflector according
to the exemplary embodiment of FIG. 17.

[0042] FIG. 21 shows a plan view of an LED backlight unit
including the squared cone reflector of FIG. 17, according to
an exemplary embodiment of the present disclosure.

[0043] FIG. 22 shows a light pattern on the outside of the
LED backlight unit of FIG. 21 with an optical film stack
disposed thereon.

[0044] FIG. 23 shows the light pattern of FIG. 22 as a
contour illuminance plot.
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[0045] FIG. 24 shows a plan view of an LED backlight unit
including the squared cone reflector of FIG. 17 and a tilted
edge grid, according to an exemplary embodiment of the
present disclosure.

[0046] FIG. 25 shows a light pattern on the outside of the
LED backlight unit of FIG. 24 with an optical film stack
disposed thereon.

[0047] FIG. 26 shows the light pattern of FIG. 25 as a
contour illuminance plot.

[0048] FIG. 27 shows a squared cone reflector according to
an exemplary embodiment of the present disclosure.

[0049] FIG. 28 shows experimentally determined reflec-
tance values according to various incident angles for a highly
diffuse material used as the bottom floor of LED BLUs.
[0050] FIG. 29 shows transmittance as a function of angle
of a thin diffuser sheet used in LED BLUs.

[0051] FIG. 30 shows the various material properties used
in the modeling of the baffled micro-optical system according
to an exemplary embodiment of the present disclosure.
[0052] FIGS. 31 and 32 show an extending direction of
light away from the squared cone reflector of FIG. 27.
[0053] FIGS. 33, 34, and 35 show a cross-sectional view
and plan views, respectively, of an LED backlight unit includ-
ing the squared cone reflector of FIG. 27 and tilted edge grid,
according to an exemplary embodiment of the present disclo-
sure.

[0054] FIG. 36 shows a light pattern on the outside of the
LED backlight unit of FIG. 35 with an optical film stack
disposed thereon.

[0055] FIG. 37 shows the light pattern of FIG. 36 as a
contour illuminance plot.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0056] The present disclosure is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the disclosure are shown.
This disclosure may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure is thorough,
and will fully convey the scope of the disclosure to those
skilled in the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity. Like ref-
erence numerals in the drawings denote like elements.
[0057] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected t0” another element or
layer, there are no intervening elements or layers present. It
will be understood that for the purposes of this disclosure, “at
least one of X, Y, and Z” can be construed as X only, Y only,
7 only, or any combination of two or more items X, Y, and 7
(e.g,XYZ XYY, YZ, Z7).

[0058] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
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in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0059] FIG. 1shows anoptical element 15 of the related art.
Here, the optical element includes a lens 2 is situated over an
LED light source 1 and receives light from the LED light
source 1 hemi-spherically. FIG. 1 shows light that is emitted
from the light source 1 toward an inner surface 2a of the lens
2 at 45 degrees as light beam L1, and suffers Fresnel reflec-
tions at an outer surface 26 of the lens 2. Light beam L1 is
reflected towards the printed circuit board 3 at point P at the
bottom surface 2¢ of the lens 2, where it is then reflected
upward, as light beam 1.2, to the optical film stack 6, where it
causes significant non-uniformities in the illuminance pattern
for an LCD display (not shown). This pattern creates bright
circles in the LCD image because of the rotational symmetry
of these types of refractive lenses.

[0060] FIG. 2 an optical element 14 similar to that of FIG.
1, which also includes a faceted structure 5 imprinted into the
bottom 2¢ of an injection molded lens 2, to lessen the bright
ring effect noted above. Random roughening of the bottom
surface 2d works as well, but all cures seek to randomize the
direction of the radiation from the Fresnel reflection, and in
this way attempt to ameliorate its negative effect. This
becomes increasingly less effective as the thickness of the
optical element 14 is deceased from 25 mm down to about 10
mm, as the distance this randomization process has to take
place is greatly reduced and correspondingly its effectiveness
as a solution tends to zero as the thickness becomes smaller.
[0061] FIG. 3 shows a plan drawing of a 16x9 LED back-
light unit (BLU) 20 for an LCD display. with an optical film
stack removed for clarity of presentation. LEDs 30 disposed
in an array protrude through a white diffusive highly reflect-
ing (95%+) display bottom, which supplies the light for the
LED BLU 20. Although the LED spacing in the vertical and
horizontal directions appears to be approximately equal, as
LEDs increase their efficacy to 200 lumens/Watt from 100
lumens/Watt, the number of LEDs required to backlight an
LCD will decrease dramatically. As a result, baffled micro-
optical elements for LED BLUs may be asymmetric (i.e.,
throwing more light in the long direction as opposed to the
short direction) in order to accommodate the 16x9 format. In
addition, the LED BLU 20 may have an overall thickness of
approximately 10 mm or less.

[0062] FIG. 4 shows a cross-sectional view of the LED
BLU 20 of FIG. 3, with the optical film stack now shown in
place. An exterior housing 70 may be made from lightweight
aluminum or plastic materials, while the bottom 40 of the
housing 70, as well as inclined sidewalls of the housing 70,
may be made ofa white diffusive material. The sidewalls may
be inclined at a 45° angle. The white diffusive material may
have a diffuse reflectivity in excess of 95%. The LEDs 30 act
as the light sources for the LED BLU 20, and a diffuser 50 and
a set of optical films 60, which may include a prism film as
well as a polarization recycling film, are disposed above the
LEDs 30.

[0063] The LED BLU 20 also includes a baffled micro-
optical element disposed on the LEDs 30 at the bottom 40 of
the housing 70. The baffled micro-optical element may be in
the form of an optical sheet 45 that includes conical reflectors
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disposed above the LEDs 30. Alternatively, individual mount-
ing structures or vertical wall mounts for each conical reflec-
tor may be placed around each LED. According to an exem-
plary embodiment of the present disclosure, the baffled micro
micro-optical element is situated over each of the LEDs 30.
As such, some of the light emitted by the LEDs 30 travels
directly to the surface of the diffuser 50, while some of the
emitted light is reflected by the baffled micro-optical element
toward the bottom 40 of the LED BLU 20, where it is subse-
quently reflected to the diffuser 50. As such, all of the above
emitted light is superimposed and combined to create a sur-
face illuminance on the diffuser 50 with a uniformity in
excess of 70%.

[0064] FIG. 5 shows a cross-sectional diagram of a conical
reflector 90, according to an exemplary embodiment of the
present disclosure. Examining FIG. 5, we see that the conical
reflector 90 includes an initial cone angle ¢, a radius of cur-
vature R, and an angle at which the top surface of the baftled
micro-optical element makes with the horizontal axis 6. Note
the horizontal axis 6 can take on both positive as well as
negative values depending on how much of the light leaving
the LED one desires to directly impinge upon the diffuser 50.
Also, the cone angle ¢ may change as one changes in azimuth
to accommodate asymmetric light distributions. This also
applies to the spatial extent of this opaque baffle surface.

[0065] The inner surface of the conical reflector 90 may be
ahighly specular reflecting surface of the type produced by an
aluminized reflective coating, or total internal reflecting
(TIR) surfaces using the change in index of refraction of the
interior dielectric material, such as a transparent plastic, from
that of air. A top surface 100 of the optical sheet 45 may be a
white diffusive reflective surface with diffuse reflectivity in
the range of 95 to 99%. The radius of curvature 110 may not
be aconstant radius of curvature but rather one that may easily
change or may be non-arc based curvature, as a function of the
light distribution required on the bottom 40 of the LED BLU
20.

[0066] FIG. 6 shows a side view of a portion of an LED
backlight unit according to an exemplary embodiment of the
present disclosure. The LED backlight unit includes a conical
reflector 180 and an LED-enclosing reflector 140 disposed on
a PCB 130. The reflector 140 ensures that light leaving an
enclosed LED is directed to the conical reflector 180 (shown
by the diagonal dashed line) to thereby create a desired radia-
tion emission pattern as a function of the power of the LED
and the LCD panel geometry. A hole 150 is formed in the tip
of the reflector 180 to reduce decrement in illuminance on the
LCD screen by the cone reflector’s shadow. The conical
reflector 180 includes a diffuse reflecting front surface 160.
The conical reflector 180 has a specular reflecting back sur-
face, and the reflecting front surface 160 may be a white
reflector. The hole 150 is about 0.5 mm in diameter, and the
cone profile is about 0.5 mm thick. The conical reflector 180
is spaced slightly less than 5 mm from the PCB 130, as
measured from the horizontal dashed line.

[0067] TheLED backlight unitalso includes an optical film
stack 170 including, in sequence, a diffuser, brightness
enhancing films (BEFs), and a polarization reflecting film,
which may replace one of the BEF films. The optical film
stack 170 may condition the light from a diffuse reflecting
cavity 105 such that it obtains excellent uniformity as well as
a restriction in the field of view that is optimized for the
viewer of the LCD display. The PCB 130 is disposed about 7
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mm beneath the top surface of the conical reflector 180, and
the inside of the optical film stack 170 is about 11.5 mm away
from the PCB 130.

[0068] According to the present exemplary embodiment,
the conical reflector 180 shown in FIG. 7 contains the hole
150 at the tip thereof, such that light from the surface of the
LED may transverse up the length of the interior of the coni-
cal reflector 180 to a semi-opaque top surface such that the top
most portion of the cone may be partially illuminated by the
light coming up through the hole. This hole 150 may have a
center diffuser 190 placed within it. In a totally internally
reflecting (TIR) solution according to another exemplary
embodiment, the hole in the cone may be replaced by a small
negative lens over the LED. The center diffuser 190 and white
front surface 160 of the conical reflector 180 help fill in the
light directly in front of each optical element. The center
diffuser 190 and white front surface 160 allow more light to
appear at the center of the illuminance pattern and contribute
to the uniformity of light incident on the optical film stack
170.

[0069] Asshownin FIGS. 8 and 9, the lines extending away
from the conical reflector 180 show the way the conical
reflector 180 is aimed. The reflector 140 around the base of
the LED cross-aims the light onto the conical reflector 180.
The conical reflector 180 aims the light onto the PCB 130,
about halfway to an adjacent LED.

[0070] FIG. 10 shows a plan view of an optical sheet 45 of
an LED backlight unit including the conical reflectors 180,
according to an exemplary embodiment of the present disclo-
sure. Conical reflectors as described above with respect to
FIGS. 5-9 are positioned above the LEDs, with the cone tips
facing towards the LEDs. Similar to FIG. 3, the optical film
stack is omitted from the present view.

[0071] FIG. 11 shows a light pattern on the outside of the
LED backlight unit according to the present exemplary
embodiment, when the optical film stack is in place. Illumi-
nanceis greater in whiter portions of the light pattern. FIG. 12
shows the light pattern of FIG. 11 as a contour illuminance
plot. Here, illuminance is greatest near the left-hand arrow (in
the center of the circle), while illuminance is least near the
right-hand arrow. Accordingly. the ratio of maximum to mini-
mum illuminance in the present exemplary embodiment
ranges from 1.7:1 and 2.0:1. That is, uniformity of illumi-
nance ranges from 50% to 59% according to the present
exemplary embodiment (uniformity being defined as min/
maxx100%).

[0072] FIG. 13 shows aplanview ofan optical sheet includ-
ing the conical reflectors 180 of FIG. 6 and tilted edge grid
135, according to an exemplary embodiment of the present
disclosure. According to the present exemplary embodiment,
high angle spill light that would otherwise go more than
halfway towards an adjacent LED can be redirected towards
the optical film stack by the edge grid 135. Surfaces of the
edge grid 135 may be angled at 45° as shown in FIG. 13, and
may be connected to form unit cells 136. These unit cells 136
canbe replicated in both the vertical and horizontal directions
to enable backlight units of any size to be fabricated with
excellent uniformity. This can be achieved using a grid of
reflectors between the LEDs.

[0073] FIG. 14 shows an inset plan view of the LED back-
light unit of FIG. 13. Conical reflectors as described above
withrespect to FIGS. 5-9 are positioned above the LEDs, with
the cone tip facing towards the LED. Light as it is reflected off
of the conical reflectors is shown, and contacts the edges 135
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of the edge grid 135. The edge grid 135 surrounding the
conical reflectors is shown as a pyramidal shape, with the base
of the pyramid on the bottom of the LED backlight unit.
Similar to FIG. 3, the optical film stack is omitted from FIGS.
13 and 14.

[0074] FIG. 15 shows a light pattern on the outside of the
LED backlight unit according to the present exemplary
embodiment when the optical film stack is in place. FIG. 16
shows the light pattern of FIG. 15 as a contour illuminance
plot. Here, illuminance is greatest near the left-hand arrow (in
the center of the circle), while illuminance is least near the
right-hand arrow. Accordingly, the ratio of minimum to maxi-
mum illuminance in the present exemplary embodiment
ranges from 1.3:1 and 1.7:1, or about 59 to 77% uniformity.
[0075] FIG. 17 shows a portion of an LED backlight unit
according to an exemplary embodiment of the present disclo-
sure. The LED backlight unit includes a squared cone reflec-
tor 280 having a double reflective geometry and an LED-
enclosing reflector 240 disposed on a PCB 230. The reflector
240 ensures that light leaving an enclosed LED is directed to
the squared cone reflector 280 (shown by the diagonal dashed
line) to thereby create a desired radiation emission pattern as
a function of the power of the LED and the LCD panel
geometry. The squared cone reflector 280 also includes a
diffuse reflecting cone front surface 260. The squared cone
reflector 280 has a specular reflecting back surface, and the
reflecting front surface 260 may be a white reflector. The
squared cone profile is about 0.5 mm thick.

[0076] TheLED backlight unitalso includes an optical film
stack 270 including, in sequence, a diffuser, brightness
enhancing films (BEFs), and a polarization reflecting film,
which may replace one of the BEF films. The optical film
stack 270 may condition the light from a diffuse reflecting
cavity 205 such that it obtains excellent uniformity as well as
a restriction in the field of view that is optimized for the
viewer of the LCD display. The PCB 230 is disposed about 7
mm beneath the top surface of the squared cone reflector 280,
while the inside of the optical film stack 270 is about 11.5 mm
above the PCB 230.

[0077] As shown in FIGS. 18 and 19, the lines extending
away from the squared cone reflector 280 show the way the
squared cone reflector 280 is aimed. The reflector 240 around
the base of the LED cross-aims the light onto the squared cone
reflector 280. The squared cone reflector 280 aims the light
onto the PCB 230, about halfway to an adjacent LED.
[0078] According to the present exemplary embodiment,
the squared cone reflector 280 shown in FIG. 20 creates a light
pattern that is square. The reflector shape peaks in the center,
using a 0.1 mm fillet radius. The white front surface 260 of the
squared cone reflector 280 helps fill in the light directly in
front of each optical element

[0079] FIG. 21 shows a plan view of an optical sheet 45 of
an LED backlight unit including the squared cone reflectors
280, according to an exemplary embodiment of the present
disclosure. Squared cone reflectors as described above with
respect to FIGS. 17-20 are positioned above the LEDs, with
the cone tips facing towards the LEDs. Similar to FIG. 3, the
optical film stack is omitted from the present view.

[0080] FIG. 22 shows a light pattern on the outside of the
LED backlight unit according to the present exemplary
embodiment, when the optical film stack is in place. Illumi-
nance is greater in whiter portions of the light pattern. F1G. 23
shows the light pattern of FIG. 22 as a contour illuminance
plot. Here, illuminance is greatest near the right-hand arrow,
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while illuminance is least near the left-hand arrow. The ratio
of maximum to minimum illuminance (between the two
arrow points) is about 1.7:1, or about 59% uniformity. The
illuminance ratio at the edges of the LED backlight unit is
2.4:1, or about 42% uniformity.

[0081] FIG. 24 shows a plan view ofan optical sheet includ-
ing the squared cone reflector 280 of FIG. 17 and a tilted edge
grid 235, according to an exemplary embodiment of the
present disclosure. According to the present exemplary
embodiment, high angle spill light from one LED that would
otherwise go more thanhalfway towards an adjacent LED can
be redirected towards the optical film stack. This can be
achieved using the edge grid 235 of reflectors between the
LEDs, where surfaces of the edge grid 235 may have a 45° tilt.
[0082] FIG. 25 shows a light pattern on the outside of the
LED backlight unit according to the present exemplary
embodiment when the optical film stack is in place. FIG. 26
shows the light pattern of FIG. 25 as a contour plot. Here,
illuminance is greatest near the left-hand arrow (in the center
of the circle), while illuminance is least near the right-hand
arrow. Accordingly, the illuminance ratio between the arrows
is 1.7:1, or 59% uniformity. The illuminance ratio of the
complete screen, including the edges, is 3.6:1, or about 28%
uniformity.

[0083] FIG. 27 shows a portion of an LED backlight unit
according to an exemplary embodiment of the present disclo-
sure. The LED backlight unit includes a squared cone reflec-
tor 380 having a double reflective geometry, and an LED-
enclosing reflector 340 disposed on a PCB 330. The reflector
340 ensures that light leaving an enclosed LED is directed to
the squared cone reflector 380 (shown by the diagonal dashed
line) to thereby create a desired radiation emission pattern as
a function of the power of the LED and the LCD panel
geometry. A hole 350 is formed in the tip of the squared cone
reflector 380 to reduce decrement in illuminance on the sur-
face of the LCD screen by the squared cone reflector’s 380
shadow. The squared cone reflector 380 includes a diffuse
reflecting cone front surface 360. The squared cone reflector
380 has a specular reflecting back surface, and the reflecting
front surface 360 may be a white reflector. The hole 350 is
about 0.5 mm diameter, and the squared cone profile is about
0.5 mm thick. The squared cone reflector 380 is spaced
slightly less than 5 mm from the PCB 330, as measured from
the horizontal dashed line.

[0084] The LED backlight unit also includes an optical film
stack 370 including, in sequence, a diffuser, brightness
enhancing films (BEFs), and a polarization reflecting film,
which may replace one of the BEF films. The optical film
stack 370 may condition the light from a diffuse reflecting
cavity 305 such that it obtains excellent uniformity as well as
a restriction in the field of view that is optimized for the
viewer of the LCD display. The PCB 330 is disposed about 7
mm beneath the top surface of the squared cone reflector 380,
while the inside of the optical film stack 370 is about 11.5 mm
above the PCB 330.

[0085] According to the present exemplary embodiment,
the squared cone reflector 380 shown in FIG. 27 contains a
hole (indicated by solid arrow) at the tip thereof, such that
light from the surface of the LED may transverse up the
length of the interior of the squared cone reflector 380 to a
semi-opaque top surface such that the top most portion of the
cone may be partially illuminated by the light coming up
through the hole. This hole may have a center diffuser (not
shown) placed over it. In a totally internally reflecting (TIR)
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solution according to another exemplary embodiment, the
hole in the cone may be replaced by a small negative lens over
the LED. The center diffuser and white front surface 360 of
the squared cone reflector 380 help fill in the light directly in
front of each optical element. The center diffuser and white
front surface 360 allow more light to appear at the center of
the illuminance pattern and contribute to the uniformity of
light incident on the optical film stack 370.

[0086] FIG. 28 shows the reflectance p as a function of the
angle of incidence for a white diffusive material used in the
various exemplary embodiments of the present disclosure.
This material results in a diffusely reflecting cavity for the
LCD BLU which may improve the uniformity and optical
efficiency of LCD BLU architecture.

[0087] FIG.29 shows the experimentally determined trans-
mittance T, reflectance p, and absorption ¢ as a function of the
angle ofincidence for a0.5 mm thick diffuser material used in
an LCD BLU according to an exemplary embodiment of the
present disclosure.

[0088] FIG. 30 shows the materials used and the manufac-
turers of the materials used in the design of the baffled micro-
optical elements according to the exemplary embodiments of
the present disclosure.

[0089] As shown in FIGS. 31 and 32, the lines extending
away from the squared cone reflector 380 show the way the
squared cone reflector 380 is aimed. The reflector 340 around
the base of the LED cross-aims the light onto the squared cone
reflector 380. The squared cone reflector 380 aims the light
onto the PCB 330, about halfway to an adjacent LED.
[0090] FIGS. 33, 34, and 35 show a cross-sectional view
and plan views, respectively, of an optical sheet including the
squared cone reflector 380 of FIG. 27 and tilted edge grid 335,
according to an exemplary embodiment of the present disclo-
sure. According to the present exemplary embodiment, high
angle spill light that would otherwise go too more than half-
way towards an adjacent LED can be redirected towards the
optical film stack by the edge grid 335. Surfaces of the edge
grid 335 may be angled at 45° as shown in FIG. 34, and may
be connected to form unit cells 336. These unit cells 336 can
be replicated in both the vertical and horizontal directions to
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enable backlight units of any size to be fabricated with excel-
lent uniformity, as shown in FIG. 35. This can be achieved
using a grid of reflectors between the LEDs. The optical film
stack is not shown. The reflector grid perimeter has been
adjusted to better fill the perimeter of the pattern.
[0091] FIG. 36 shows a light pattern on the outside of the
LED backlight unit according to the present exemplary
embodiment when the optical film stack is in place. FIG. 37
shows the light pattern of FIG. 36 as a contour illuminance
plot. Here, illuminance is greatest near the top arrow, while
illuminance is least near the bottom arrow. Accordingly, the
ratio of minimum to maximum illuminance in the present
exemplary embodiment is 1.4:1, or about 71% uniformity.
[0092] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present disclo-
sure cover the modifications and variations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.
What is claimed is:
1. A light-emitting diode (LED) backlight unit, compris-
ing:
a housing;
a LED array disposed on a bottom surface of the housing;
an optical film stack disposed on the LED array;
a baffled micro-optical element (BMOE) disposed
between the LED and the optical film stack,
wherein:
the thickness of the backlight unit is 12 mm or less;
afirst portion oflight emitted from each LED of the LED
array is configured to directly contact the optical film
stack and a second portion of light emitting from each
LED of the LED array is configured to be reflected off
of the BMOE and onto the optical film stack; and
the first and second portions of light combine to create
surface illuminance on the optical film stack with
uniformity greater than 70%.
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