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STEREOSCOPIC DISPLAY APPARATUS EMPLOYING LIGHT EMITTING
DIODES WITH POLARIZING FILM/LENS MATERIALS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to three-dimensional (3D) stereoscopic
display systems. More particularly, the invention relates to the application ot
polarizing film or lens materials to light emitting diodes (LEDs) both 1n manufacturing

and/or [1nal video display assembly.

Description ol the Related Art

Stereoscopic display systems attempt to recreate a real world visual experience
wherein a viewer sees a different view or image in each eye. In a real world viewing
experience, a viewer with two eyes sees two slightly different images, as each eye 1s
spaced apart 1n a slightly different viewing position. A goal of stereoscopic video

display systems 1s to present a separate and different view to each eye of the viewer.

Earlier attempts to recreate a real world visual 3D experience employed an
apparatus similar to corrective eyewear comprised of one lens of one color and second
lens of a second color. A monitor or projector projected two views on one screen,
with each view being color coded so as to be complementary to one eyewear lens or
the other. The use of color to segregate viewing channels would often lead to

headaches tfor the viewers.

Recent 3D designs focus on creating a 3D viewing experience within a
traditional movie theater environment, using devices centering around a display on a
lenticular screen constructed of fabric. However, limited stereoscopic viewing
advancements have occurred outside the movie theater environment, including on
billboards and other public media/advertising delivery devices. In general, it would be
desirable to provide a 3D viewing experience using a wider range ol devices,
billboards, LED movie theater screens, stadium jumbotrons, and/or other large display

devices.

PCT/US2017/048714
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SUMMARY OF THE INVENTION

According to one aspect of the present design, there 1s provided a stereoscopic
display system, comprising an array of Light Emitting Diodes (LEDs) comprising a
plurality of left LEDs, each left LED comprising a leit cathode, a left anode, a left
housing contacting the left anode and the left cathode, a plurality of left leads within
the left housing, a left light transmitter arrangement within the left housing, and a leit
polarizing element positioned with the left housing above the left light transmitter
arrangement, and a plurality of right LEDs, each right LED comprising a right
cathode, a right anode, a right housing contacting the right anode and the right
cathode, a plurality of right leads within the right housing, a right light transmitter
arrangement within the right housing, and a right polarizing element positioned with
the right housing and above the right light transmitter arrangement. At least one leit
housing and left polarizing element pair are each irregularly formed and fit together,
and at least one right housing and right polarizing element are each irregularly formed

1n a manner complementary to the at least one left housing and leit polarizing element.

According to another embodiment of the present design, there 1s provided a
stereoscopic display system comprising an array of Light Emitting Diodes (LEDs)
comprising a plurality of left LEDs, each left LED comprising a left housing, a left
light transmitter arrangement within the left housing, and a left polarizing element
positioned with the leit housing above the left light transmitter arrangement and a
plurality of right LEDs, each right LED comprising a right housing, a right light
transmitter arrangement within the right housing, and a right polarizing element
positioned with the right housing and above the right light transmitter arrangement. At
least one lett housing and left polarizing element pair are each irregularly formed and
f1t together, and at least one right housing and right polarizing element are each
irregularly formed 1n a manner complementary to the at least one left housing and left

polarizing element.

According to a further embodiment, an apparatus for placing Light Emitting
Diodes (LEDs) 1n an arrangement 1s provided, comprising a carrier tape and a plurality
ol LEDs positioned on the carrier tape, each LED comprising a housing, a light
transmitter arrangement within the housing, and a polarizing element positioned with

the housing above the light transmitter arrangement. Each housing comprises a
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specitic directional feature representing a polarization direction and each polarizing

element includes a complementary specific directional feature configured to fit with

one corresponding housing.

These and other advantages of the present invention will become apparent to
those skilled 1n the art from the tollowing detailed description of the invention and the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure, reference 1s now
made to the following figures, wherein like reference numbers refer to similar items

throughout the figures:

FIG. 1 1s a front perspective view of a standard LED, specifically an RGB

SMD LED, with one or more anode and cathode termination points;

FIG. 2 1s a cross sectional view of an RGB SMD LED with polarizing material

or lens or other light segregating material layered above the RGB semiconductors;

FIG. 3 1s a cross sectional view of an RGB SMD LED with lightly sanded
polarizing material or lens or other light segregating material layered above the RGB

semiconductors;

FIG. 4 1s a cross sectional view of RGB SMD LED with lightly sanded
polarizing material or lens or other light segregating material layered above the RGB
semiconductors, including an added layer of diffuser material between the polarizing

material and the RGB semiconductors;

FIG. 5 1s a perspective view of both right and left SMD LEDs with the
polarizing material and corresponding key marks or slots for registration of the

polarizing lens or material;

FIG. 6 1s a perspective view of both right and left SMD LEDs with the
polarizing material and corresponding key marks or slots for registration of the
polarizing lens or material, including a corresponding cut-out, key mark, or slot
holding the polarizer in a registered orientation, and including diffuser material in a

particular orientation;

FIG. 7 1s a top view of [inished or completed left and right polarized SMD

LED chips for orientation and final assembly pattern reference as shown 1n FIGs. §-

11;

PCT/US2017/048714
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FIG. 8 1llustrates a top view of a particular arrangement of the items presented
in FIG. 7, including leit and right polarized LEDs properly situated and oriented each

in their own carrier tape for use with a PNP machine;

FIG. 9 1s a top view of a particular arrangement of the items presented 1n FIG.
1 showing LEDs properly situated and oriented 1n a single carrier tape, including

alternating left/right LEDs for use in a PNP machine;

FIG. 10 1s a top or front perspective of an LED tile or module with an

assembled checkerboard pattern of both right and leit SMD LEDs;

FIG. 11 1s a top or front perspective of a LED tile or module with an alternate

linear pattern of right and left SMD LEDs;

FIG. 12 shows an angled cross sectional view of the plastic or alloy front

facing cover of a LED tile or module;

FIG. 13 1s a cross section of an SMD LED housing and the protective covering

shown 1n FIG. 12;

FIG. 14 represents the protective covering tightly and accurately fixed around

and atop the SMD LED housing;

FIG. 15 shows diffuser material as a part of the protective covering and

polarizer 903;

FIG. 16 1llustrates the protective covering holding and securing the diffuser

above the SMD LED lens and beneath the polarizer;

FIG. 17 1llustrates the polarizing protective covering with a precise pattern of
polarizers assembled 1nside the covering and aligned with and atfixed to the LED tile

or module using screws or pins;

FIG. 18 shows the result of the combination of polarized cover and the LED

module or tile;

FIGs. 19 1llustrates the polarizing protective covering with a precise pattern ot

polarizers assembled 1nside the covering and aligned with and atfixed to the LED tile
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or module using screws or pins 1n a linear pattern of alternating horizontal rows of left

and right polarizers; and

FIG. 20 shows the combination of the polarized cover and the LED module or

tile with a linear pattern of alternating horizontal rows of left and right polarizers.

The exemplification set out herein illustrates particular embodiments, and such

exemplification 1s not intended to be construed as limiting 1n any manner.
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DETAILED DESCRIPTION OF THE DISCLOSURE

The tollowing description and the drawings 1llustrate specific embodiments
sutficiently to enable those skilled 1n the art to practice the system and method
described. Other embodiments may incorporate structural, logical, process and other
changes. Examples merely typily possible variations. Individual components and
functions are generally optional unless explicitly required, and the sequence ot
operations may vary. Portions and features of some embodiments may be included 1n

or substituted ftor those of others.

The present design 1s useful 1n overcoming 1ssues with previous designs by
providing a configuration of circular, linear or otherwise polarized or light segregating
light emitting diodes (right LEDs and left LEDs) in LED display systems. The design
provides for modular use of polarized material or lenses uniquely fastened and

registered atop or inside LED housings for displaying 3D 1image or video content.

It 1s to be understood that any type of LED may be employed 1n the current
design. While the present description generally discusses Surface Mounted Device
Light Emitting Diodes (SMD LEDs) using RGB (red, green, and blue)
semiconductors, it 1s to be understood the 1invention 1s not so limited. Any type of
LEDs or similar devices may be employed, including but not limited to RGBY,
RGBW (white), RGB plus infrared, OLED, digital RGB, and quantum dot LEDs. In

general, the present design relates to the polarizing of LEDs for stereoscopic viewing.

The design 1n one particular embodiment includes circular or linear polarized
or otherwise polarized or light segregating left and right SMD LEDs arranged 1n
specitic patterns and mounted to a circuit board or substrate 1n alternating rows of
right or left eye viewing SMD LEDs. The use of complimentary linear or circular
polarized material or lenses assembled as part of each individual right LED creates a
right viewing channel through light exiting through one or more horizontal or diagonal
row(s) ol right LEDs while a leit eye viewing channel 1s created on another horizontal
or diagonal row(s) of left LEDs. The result 1s a satistying 3D LED experience on a
large or potentially very large device, such as an indoor or outdoor stadium screen or

movie exhibiting theater.
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Additionally, the use of a specially selected diffuser for diffusing luminance of
light emanated from the LED’s semiconductors enhances the three-dimensional effect
in two ways. First, the point light source nature of the individual LED semi-
conductors tends to “blow thru” polarization material causing a ghosting etfect that
may not be optimal for viewing. The addition of a rear diffusion filter spreads out the
light, creating a reduced lumens-per-square-millimeter value that enhances the
polarization effect. Second, a rear diffusion filter also reduces the point of light from
the source—eftectively smoothing the overall appearance of the display, thus making
1t possible to view the content on the display at a closer distance without apparent
pixilation. In some embodiments, a diffuser 1s constructed using a diffusion film.
This “diffuser” 1s not required but a possible addition should additional light

cancellation be needed for a better 3D viewing experience.

Additionally, the application of a specially selected diffuser (e.g. a front
diffusion screen) functions as an anti-glare surface helping to reject ambient outdoor
or room light from the glossy surface of the polarizing material. Such a front diffusion
material serves for reducing glare from light emanated from light sources external to
the display assembly, and has the effect to smooth the overall appearance ot the
display, thus making 1t possible to view the content on the display at a closer distance

without apparent pixilation.

The applications for this design are theretore numerous and enable realistic 3D
viewing at both outdoor and indoor events such as theaters, movie theaters, concerts,
and sporting events or anywhere viewers have appropriate eyewear available for 3D
viewing. The embodiments are configured to facilitate permanent 3D LED tile or
panel manufacturing. The LEDs when combined into a large display can be used as a
standard 2D LED display by providing 2D video or image content, or the display can
show 3D content when playing corresponding stereoscopic 3D video or still images
with the appropriate eyewear. Very large display areas may beneficially use the

teachings herein to provide stereoscopic content.

In general, the present design includes large format three dimensional (3D)
stereoscopic display systems using light emitting diodes (LEDs) to display 3D 1mage
and video content. These large format LED display systems include LEDs arranged so

that each LED represents a pixel. This design provides two different “polarized
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LEDs” (left LED and right LED) such that the system utilizes two ditferent left and
right polarized LEDs 1nstead of a single unpolarized LED.

One particular difference between the two LEDs 1s the precise registered
rotation of a polarized material or polarized lens atfixed atop or inside the LED
housing. Each LED housing may include a custom shaped piece of polarized material
or polarized lens with a precise registered rotation matched to the lenses 1n at least one

of the lenses 1n a pair of 3D glasses worn by a viewer.

The design also includes assembling pairs of polarized LEDs (leit LEDs and
right LEDs) on a circuit board substrate (LED module or tile). The pattern of the
polarized LEDs assembled on the substrate LED tile or module typically includes
alternating the two ditferent types of SMD LEDs (right LEDs and left LEDs) 1n a

given direction, e.g. horizontally.

The combination of the precise orientation of the right LEDs and leit LEDs
assembled 1n an alternating pattern 1n a series of one LED module or multiple LED
modules, 1n conjunction with matched 3D glasses and the presentation of stereoscopic
video or images on the display in a corresponding stereoscopic video format results 1n
a 3D stereoscopic viewing experience. The corresponding 3D video format matches
one or more left eye video pixel(s) with left LEDs mounted on the circuit
board/substrate and one or more right eye video pixels with right LEDs mounted on
the circuit board/substrate. This stereoscopic video format matches the pattern in
which the leit and right LEDs are mounted to the LED tile(s) or module(s) (circuit
board/substrate).

The LED display disclosed can also present a 2D viewing experience by
displaying 2D video or images on the same polarized LEDs arranged 1n an alternating
pattern. The viewer may view 2D 1mages without corresponding or matched 3D
eyewear. According to the present design, the video feed 1s a two-dimensional video
feed with stereo linear or checkerboard pattern of 3D video. In order to view 2D
1images, there 1s no change ot either the hardware disclosed or the eyewear worn by a
user. The difference between 2D and 3D 1s that the single video feed 1s not encoded
with a 3D video pattern 1n the single feed when 2D transmission 1s desired. In either

situation, the eyewear provides a satistactory image to a viewer.
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The two types of polarized LEDs are reterred to herein as right LEDs and leit
LEDs. When assembling the LED display modules with a Pick and Place (PNP)
machine, the pattern ot the mounted SMD LED (surtace mounted device light-
emitting diode) chips may be 1n a checkerboard pattern comprised of alternating
diagonal rows of right LEDs and left LEDs. In this arrangement, the LEDs begin with
(1) a leit LED, followed by (2) a right LED, (3) leit LED, (4) right LED, (5) left LED,
(6) right LED, and so on. The next row of LEDs alternates, beginning with (1) a right
LED, tollowed by (2) a left LED, (3) right LED, and so on. The LED display can also
have a different pattern of alternating horizontal rows comprised of right LEDs and

rows of left LEDs.

A PNP machine 1s the most common device used tor assembling LEDs on an
LED display module. The PNP machine receives SMD LED chips via carrier tape and
reel. The PNP machine receives one or more reels ol right LEDs and one or more
reels of left LEDs. The PNP machine alternates sourcing the LEDs trom right LED
reel to left LED reel when placing or assembling the LEDs to achieve the alternating
“checkerboard pattern™ of right / left / right / leit discussed above. Alternately, the
PNP machine may receive LEDs from a single reel or multiple reels holding leit LEDs
and right LEDs alternating 1in sequence — right, left, right, etc. In this case the PNP
machine 1s programed to place the alternating LEDs from a single tape and reel to the
specitied alternating polarized LED pattern location to match the alternating diagonal

row pattern (checkerboard pattern) or desired horizontal row pattern.

For better light cancellation a ditffuser material can be layered beneath the
polarizer material or lens. The ditffuser may help expand the throw of the light
generated from the diode and increase the light cancellation effectiveness of the
polarized material or lens. The 3D SMD LEDs may also include a front diffuser to

reduce glare from external light sources and improve viewing,

Various methods for manufacture and assembly of the right and left LEDs with
polarizing material and/or lenses are also provided, including a method for the
application of individual polarized LEDs to LED modules. Also included are various
embodiments of eyewear used 1n viewing the 3D 1mage, the eyewear including a left
eye lens and a right eye lens that polarize light to create a left eye view and a right eye

View.

10
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FIG. 1 1s a front perspective view of a standard RGB SMD LED with one or
more anode and cathode termination points. The number of termination points of the
SMD LED are not material to the present design; any appropriate RGB SMD LED
may be employed, where ditferent LEDs may include one anode, one cathode, one
data contact point, and one ground contact point. The total number of termination

points may vary.

FIG. 1 illustrates a single SMD LED chip. Multiple SMD LED chips
assembled on a substrate 900 form a display that 1s modified to create a 3D LED
display as seen 1n FIG 10 and 11. The display may be any one of a number of forms
known 1n the industry such as an LED display, LED video wall, LED screen, and so
forth. Polarizing material or a lens 1s applied to a top surtace of the SMD LED
housing 100 (shown 1n FIGs. 1-6) of each individual SMD LED on one or more LED
tiles or modules 900. Use of such a polarized SMD LED with software encoding
1image data for display provides stereoscopic imaging. With respect to use of LEDs
generally 1n stereoscopic 1image projection, Applicant references the design presented
in U.S. Patent No. 8,542,270 the entirety of which 1s incorporated herein by reference.

Two-dimensional image display may also be provided by the current design.

FIG. 1 1s a front or top view of an LED, specifically an SMD LED chip, and
shows various components combining to form an SMD LED chip. FIG. 1 shows the
material body or “housing”™ 100 of the LED and the registration key or slot 104 used
for aligning and holding the polarizer material or lens 1n a correct or proper rotation
and orientation. FIG. 1 also includes semiconductors 103 (Red, Green, and Blue
semiconductors 1n this case) that are the light emitting elements 1n this example of a
SMD LED. Anode 102 and cathode 101 are presented 1n addition to data information
input 105 and the ground termination 106. Elements 101, 102, 105, and 106 can be
provided 1n any variation or orientation. Anode 102, cathode 101, data information
input 105, and ground termination 106 are also the solder points for mounting the

SMD LED chip to the substrate or circuit board.

FIG. 2 1s a cross sectional view of an LED, specitically an RGB SMD LED,
having polarizing material, or a lens, or other light segregating material 203 layered
above the RGB semiconductors 103. The polarizer material or lens may be affixed in

place using an adhesive or resin 204, preferably as transparent an adhesive or resin as

11
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possible, or alternately provided at an exterior edge so as to minimally obscure the
RGB semiconductors beneath. FIG. 2 also details other SMD LED elements such as
the heat resistant polymer LED housing 100 and anode 101 and cathode 102 soldering
terminations. This 1image also shows the leads 201 attaching the semiconductors 103
to their source of power (anode 101 and cathode 102). Leads, cathodes, and anodes
may or may not be employed 1n certain instances. Current may be introduced 1n
varying ways. Also shown in this view 1s a heat sink at the base of the device.
Orientation, components employed, and/or number of the semiconductors may vary.

SMD LEDs used 1n a video display may include three semiconductors, commonly Red

(R), Green (G), and Blue (B) light emitters.

FIG. 3 1s a cross sectional view of an RGB SMD LED including a lightly
sanded polarizing material, or lens, or other light segregating material layered above
the RGB semiconductors. The polarizer material or lens 303 1s sanded or lightly
abraded to ensure a better bond with the adhesive or resin 204. As with FIG. 2, the
depiction of FIG. 3 shows RGB semiconductors 103, as well as other SMD LED
elements such as the heat resistant polymer LED housing 100 and anode 101 and
cathode 102 soldering terminations, leads 201 attaching the semiconductors 103 to
their source of power (anode 101 and cathode 102), and a heat sink at the base of the
device. Orientation, components employed, and/or number of the semiconductors may

vary.

FIG. 4 1s a cross sectional view of an RGB SMD LED with lightly sanded
polarizing material or lens or other light segregating material layered above the RGB
semiconductors. This 1image also includes an added layer of diffuser material 400
between the polarizing material 303 and the RGB semiconductors. Adhesive, resin,
glue, or epoxy resin may be provided both between the RGB semiconductors and the
diffuser material 400, as well as between the diffuser 400 and the polarizer material or
lens 303 to ensure both the diffuser and polarizer are secured to the heat resistant
polymer LED housing. Again, the adhesive, resin, glue, or epoxy resin 1s preferably as
transparent as possible, and such bonding materials or other reasonable bonding
materials known 1n the art may be employed. Alternately, an amount of bonding
material may be applied at edges of the components shown, such as edges of the

polarizer material or lens 303 and/or diffuser 400 to reduce risk of obscuring or

12
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impeding transmission from the RGB semiconductors. Components in the device of
FIG. 4 are generally similar to those of FIGs. 2 and 3 with the exception of those

components specitically mentioned.

FIG. 5 1s a perspective view of both right and left SMD LEDs with the
polarizing material and the corresponding key marks or slot for registration of the
polarizing lens or material. FIG. 5 shows how the LED housing of the leit and right
SMD LEDs have a corresponding cut-out or key mark or slots that hold the polarizer
in a registered orientation. These alignment hardware keys or slots are part of the heat
resistant polymer housing 104 and the keys match the key mark or slot on the
polarizing material or lens 203/303. The key or slot marks assure the correct rotation
and alignment of the polarizing material and also serve as a visual key to know which
polarizer has been applied after the lens 1s 1n fastened 1n place. The left polarizer 1s
prepared for mounting by having at least one slot or key 104 cut into 1ts lower edge,
said slot matching the one that 1s part of the leit LED housing. The right polarizer 1s
prepared for mounting by having at least one slot or key 104 cut into 1ts lower edge,
the slot matching the piece or part formed on a corner of the leit LED housing.
Ditferent orientations and slot or key shapes or sizes may be employed, but it 18
beneflicial to ditferentiate between leit and right. The number, size, and placement ot
the keys of the LED housing correspond to the characteristics of the notches found 1n
the bottom edge(s) of the polarizer material or lens so that the lens fits with the LED
housing. The leit polarizer 1s also prepared for mounting by having at least one slot or
key 104 cut into 1ts lower edge 1n this embodiment, the slot also matching the

corresponding part of the left LED housing.

Features such as keys, slots, etc. provide a visual reference enabling a person
or a machine to recognize left and right components for arrangement and/or assembly
on the tile or module. The orientation of the feature can be used to 1dentify right LEDs
and left LEDs and whether the LED 1s oriented properly when placed on a tile or

module.

FIG. 6 1s a perspective view of both right and left SMD LEDs with polarizing
material and corresponding key marks or slots for registration of the polarizing lens or

material. FIG. 6 shows the LED housing of the left and right SMDs with a

corresponding cut-out, key mark, or slot that holds the polarizer 1n a registered
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orientation. FIG. 6 shows diffuser material inserted between the semiconductors and
the polarizing material or lens. FIG. 6 shows an alignment method similar to that

presented 1n FIG. 5 but with the addition of the diffuser material 400 to the assembly.
FIG. 6 shows that the diffuser material 400 1s situated between the semiconductors of

the LED and the polarizing material 203/303 such that the ditfuser material 400 1s the

front facing material on the LED chip.

FIG. 7 1s a top view of [1nished or completed LED chips, namely leit and right
polarized SMD LED chips, for orientation and final assembly pattern for use in the
manner shown 1n FIGs. 8-11. Ditferent cut outs, key marks, or slots are provided for
the two SMD LEDs. FIG. 8 1llustrates a top view of the representations of FIG. 7,
with left and right polarized LEDs situated and oriented in respective carrier tapes for
use 1n a PNP machine that utilizes two or more reels to assemble LED tiles or
modules. FIG. 9 1s a top view of the representations of FIG. 7, with left and right
polarized LEDs situated and oriented on a single carrier tape. Each carrier tape holds
alternating left and right LEDs for use 1n a PNP machine that employs one or more

reels to assemble LED tiles or modules.

The orientation of the LEDs 1s correct within the carrier tapes shown and as a
result a PNP machine does not need to evaluate orientation. If any carrier tape can be
used, such a machine would need to be turnished with orientation evaluation
functionality. In other words, the orientation for the LED 1s either known to the
machine or, 1f not known, must be determined using orientation functionality (machine

viewing and determination, human viewing, etc.)

FIG. 8 shows left and right SMD LEDs prepared tor delivery to a pick and
place machine for final assembly of a 3D LED tile or module. The design provides
right and left polarized LEDs (701, 700) via carrier tape and reel 800, 801. In the two
examples ot FIG. 8, separate carrier tapes each holding one or more right/left polarized
SMD LED(s) are shown. The first representation shows right LED(s) 701 1n carrier
tape 800. The second details a separate carrier tape 801 that holds Leift LED(s) 700.

FIG. 9 1s an alternate type of carrier tape 802 populated with alternating lett
700 and right 701 polarized SMD LEDs. Using this arrangement, two separate reels

are not necessary to feed a PNP machine. A single reel can be used to feed the PNP
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machine, with the carrier tape arrangement or PNP machine including functionality to

determine the orientation of the LED, 1.e. left or right.

FIG. 10 1s a top view of an assembled 3D LED tile or module 900 having right
and left SMD LEDs 701, 700 tor 3D viewing. In this arrangement, right and left SMD
LEDs 701, 700 are oriented 1n a checkerboard pattern, with the solid diagonal lines
covering or touching left SMD LEDs 700 and broken diagonal lines covering or
touching right SMD LEDs 701. Dimensions are not to scale, and SMD LEDs may be

closer or further apart than they appear 1n these Figures.

FIG. 11 1s a top view of an assembled 3D LED tile or module 900 having right
and left SMD LEDs 701, 700 tor 3D viewing. In this arrangement, right and left SMD
LEDs 701, 700 are oriented 1n a linear pattern, with the solid horizontal lines covering
or touching lett SMD LEDs 700 and broken horizontal lines covering or touching right

SMD LEDs 701. Dimensions are not to scale.

Thus according to the present design, there 1s provided an apparatus, or a
method for creating an apparatus, comprising manufacturing and arranging two
different types of circular, linear, or otherwise polarized or light segregating surface
mount device light emitting diodes (left and right polarized SMD LEDs). When a
plurality of both right and left SMD LEDs are assembled 1n alternating patterns on a
subset of circuit board substrate(s) (LED module(s) or tile(s)) and stereoscopic
encoded 3D video or image content 1s displayed through the plurality of leit LEDs and
right LEDs and viewed through polarized 3D eyewear, the result 1s a 3D stereo
viewing experience. In the present design, a custom designed heat resistant polymer
LED housing 1s shaped with a registration key mark or slot to hold a “left” custom
shaped piece of polarized material or polarized lens above the leads, semiconductors,
and micro lens of the LED at a specific rotation orientation. While a polymer 1s
disclosed, other materials may be employed as long as they provide the benefits
described herein. Registration of the left polarized material or lens 1s designated by a
key mark or slot unique to a leift degree rotation of the left polarizer lens. A second
custom designed heat resistant polymer LED housing 1s shaped with a registration key
mark or slot to hold a “right” custom shaped piece of polarized material or polarized

lens above the leads and semiconductors of the LED at a specific rotation orientation.
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Registration of the right polarized material or said lens 1s designated by a key mark or

slot unique to a right degree rotation of the right polarizer lens.

The custom cut shape of the right polarized material or lens to include a
corresponding key mark or slot matching the right LED housing registers the
polarizing material to be mounted above the leads and semiconductors atop the heat
resistant polymer LED housing. The right polarizer material or lens 1s typically fixed
in place atop the (right) LED housing with a glue, silicone, or epoxy resin above the
leads and semiconductors of the diode and beneath the polarizer material. A second
custom cut shape of left polarized material or lens with a corresponding key mark or
slot matches the left LED housing that registers the polarizing material to be mounted
above the leads, semiconductors, and micro lens atop the heat resistant polymer (leit)
LED housing. The left polarizer material or lens 1s fixed 1n place with a bonding
material, such as glue, epoxy resin, or silicone. The left polarizer material or lens 1s
provided above the leads and semiconductors of the diode and beneath the polarizer
material. The lett and right polarizer material or lens may be lightly sanded or lightly
abraded (as long as not damaging the polarization) on the bottom facing surface (semi-
conductor facing side) for a better adhesion to the bonding material, 1.e. glue or epoxy

resin.

Once the glue, epoxy resin, or silicone 1s cured, the polarized SMD LEDs are
arranged on a circuit board substrate or otherwise, 1.e. an LED video display tile or
module. The left LEDs and right LEDs may be arranged 1n a linear pattern in which
the right LEDs are situated 1n a first set of alternating horizontal rows with the left
LEDs 1n a second set of horizontal rows, the right/left rows alternating. Alternately,
the right and left LEDs may be arranged 1n a “checkerboard pattern™ in which the right
LEDs are situated 1n a first subset of alternating diagonal rows and the leit LEDs 1n

alternating diagonal rows (right diagonal/left diagonal/right diagonal etc.)

The design may also include a rear diffuser disposed between leads,
semiconductors, and the custom cut shape of polarizing material 1n order to diffuse the
luminance of light emanated from diodes (semiconductors) and reduce the
concentration of light from a small to a larger area of the polarizing material, thus
increasing the efficiency of the polarizing material to reduce the ghosting artifacts that

interfere with the 3D effect. A front diffuser may be provided, disposed in front of the
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custom cut shape of polarizing material, to reduce glare from light emanated from
light sources outside the LEDs. The front diffuser also increases the viewing angle of
the display by projecting a polarized image of an illuminated pixel onto the front
surface on the front diffuser so as to be visible by a viewer at a wide angle. Eyewear
may be employed to view a resultant 3D 1mage, the eyewear comprising a left and a
right lens that polarizes light complementary to the right and leit LEDs to create a leit

eye view and a right eye view from first and second projected views.

In one embodiment, the left and right polarized SMD LEDs generate circularly

polarized light, where 1n another embodiment linearly polarized light 1s generated by

the leit and right polarized SMD LEDs.

The result of such a design 1s a display including a plurality of left and right
light emitting diodes (right LEDs and left LEDs) used for displaying 3D 1mage
content. A plurality of left polarized LEDs form a first view of a 3D 1mage while a
plurality of right polarized LEDs form a second view of the 3D 1mage. In certain
embodiments, at least one of the polarized LEDs may include a frosted surface. In
another embodiment, at least one left polarized LED includes a directionally-facing
key or slot and at least one right polarized LED comprises a directionally
complementary-facing key or slot, such as the leit LED including a leit facing slot and
the right LED a right-facing key or slot, or vice versa, or a top and bottom, 1n and out,

elcC.

In one embodiment, at least one leit polarized LED comprises polarizing
material for polarizing light 1n a first polarizing direction, and at least one right
polarized LED comprises polarizing material for polarizing light 1n a second

polarizing direction.

The design may include more than one left LED situated 1n a consistent
rotational orientation in a carrier tape spooled on a single or multiple reels for use 1n a
PNP machine. The specific rotation of the LEDs 1s employed 1n placing of the SMD
LEDs on a LED display tile or module 1n an alternating horizontal pattern or diagonal
pattern. To maintain consistent rotational orientation of the leit LED the LEDs are
typically supplied to a PNP machine via carrier tape and reel. The carrier tape holds

the LED’s proper rotation based on the LED’s rotation relative to guide holes of the
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carrier tape. A left LED 1s placed where a left LED 1s to be placed, and the same 1s
true for a right LED. Alternately, an alternating pattern of more than one right LED
and left LED are provided 1n a carrier tape (right/lett/right/lett etc.) spooled on a single
reel or multiple reels for PNP machine use. In either implementation, the carrier tape
may have a unique guide or registration hole next to the carrier that corresponds with
orientation of the LED, 1.e. either a leit LED or right LED. This registration hole or
guide 1s recognizable to the PNP machine for proper programing and placement. The
registration hole or guide will also define the rotational orientation of the LED 1n the

carrier, recognizable to the PNP machine for programing and placement.

An alternate method for applying polarizer material or lenses includes applying
a bonding material (glue, epoxy, resin, polymer, etc.), wherein any known means or
method for affixing the polarizer material or lens can be used to ensure the lens 1s
f1xedly installed 1n or atop an SMD LED housing. Slits may be designed and

manufactured to be located on the top section of the LED housing to align and hold a

polarizer lens or material in place above the leads and semiconductors.

Injection Mold Plastic or Alloy Grid

The design presented includes a two-dimensional array of LEDs torming tiles,
modules, or panels. Complimentary linear or circular polarized material or lenses are
assembled into the tinal LED tile/module/or panel, and multiple LED tiles or modules
with polarized protective coverings may be combined to produce a large format 3D
LED display. The plurality of left and right polarizers are maintained 1n place on top
of the assembled LEDs to form the fully assembled 3D LED video tile or module.
Integration of polarizer lenses into the LED video tile’s front facing plastic (or alloy)
orid results 1n a 2D and 3D LED video display tile dictated by the video or image
content displayed using the device. The front facing plastic or alloy grid 1s commonly
a protective part of a completed LED video display tile or module. Each SMD LED of
a tile or module 1s polarized using the polarizing filter affixed above the SMD LED

housing by the plastic or alloy grid that serves as a protective cover.

The combination of the precise orientation of the right polarizer(s) and leit
polarizer(s) assembled 1n an alternating pattern in a series of one LED module or

multiple LED modules results 1n a 3D stereoscopic viewing experience when used
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with matched 3D glasses when 1mages 1n a corresponding stereoscopic video format
are transmitted. The corresponding 3D video format matches one or more left eye
video pixel(s) with leit polarized LEDs and one or more right eye video pixel(s) with

right polarized LEDs, with all LEDs mounted on the circuit board/substrate.

The plastic/alloy grid contains both left and right polarizers 1n a specific
pattern of one or more right polarizers creating a right viewing channel through light
exiting through one or more horizontal or diagonal row(s) of right polarizers while a
leit eye viewing channel 1s created on another horizontal or diagonal row(s) of leit
polarizers. The result 1s a satisfying 3D LED experience on a large or potentially very

large device, such as an outdoor or stadium screen or movie exhibitor screen.

A metal or plastic grid 1s provided as a base for affixing the corresponding leit
and right polarizers above their corresponding SMD LED(s) mounted to the circuit
board substrate. The grid also maintains polarizer rotational alignment with the
respective SMD LEDs. The grid 1s typically held 1in place on the LED tile or module
by using screws, clips or pins that attach to the same substrate as the SMD LEDs they

protect and polarize.

With respect to the grid, FIG. 12 shows an angled cross sectional view of the
plastic or alloy front facing cover of a LED tile or module. FIG. 12 shows various
elements making up the protective cover, including a plastic or alloy cover 1203 that
contains lett polarizer and filter 1201 and right polarizer and filter 1202. The plastic
or alloy cover 1203 1s held 1n place and affixed to the LED substrate using any
reasonable means known 1n the art, such as screws, clips, or pins provided through
screw holes such as hole 1204. A ““checkerboard™ pattern of the left and right

polarizers and filters 1s provided 1n this particular arrangement inside the protective

cover 1203.

FIG. 13 1s a cross section of an SMD LED housing 1304 with the protective
covering 1203 shown 1n FIG. 12. From FIG. 13, the protective covering aligns above
the SMD LED housing 1304. FIG. 13 shows the polarizer {ilter material registered
and held 1n place using a notch 1301 as part of the protective covering and shows the
screws, such as screw 1302, that affix the protective covering to substrate 1305. In

this assembly, polarizer material 1301 does not form part of the SMD LED housing
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1304. The polarizer material 1s part of the protective cover aflixed above the SMD
LED housing 1304 and SMD LED lens 1303.

FIG. 14 represents the protective covering 1402 tightly and accurately fixed
around and atop the SMD LED housing 1405, held 1n place by screws, clips, or pins
such as screw 1401 1n the substrate or circuit board 1406 so that the polarizer(s) 1403
1s directly above each lens, such as lens 1404, of each individual SMD LED.

FIG. 15 shows ditfuser material 1502 with the protective covering and
polarizer, beneath polarizing material 1501, while FIG. 16 shows the protective
covering holding and securing the diffuser 1602 above the SMD LED lens 1603 and
beneath the polarizer 1601, where polarizer 1601 comprises filters or lenses as
discussed herein. FIG. 17 1llustrates the polarizing protective covering 1701 with a
precise pattern of polarizers assembled inside the covering and aligned with and
affixed to the LED tile or module 1702 using screws or pins. FIG. 18 shows the result
of the combination of polarized cover and the LED module or tile 1801. Combining
the polarized cover and the LED module or tile produces a 3D LED module or tile
1801, with the polarizers 1n the checkerboard pattern of alternating diagonal rows ot
lett and right polarizers. FIGs. 19 and 20 are similar to FIGs. 17 and 18 but with a
ditferent polarizing pattern alignment. FIGs. 19 and 20 show the polarizer in the

linear pattern of alternating horizontal rows of leit and right polarizers.

Thus according to the present design, there 1s provided a stereoscopic display
system, comprising an array of Light Emitting Diodes (LEDs) comprising a plurality
of left LEDs, each left LED comprising left side electrical connections associated with
a left housing, a left light transmitter arrangement within the left housing, and a leit
polarizing element positioned with the left housing above the left light transmitter
arrangement, and a plurality of right LEDs, each right LED comprising right side
electrical connections associated with a right housing, a right light transmitter
arrangement within the right housing, and a right polarizing element positioned with
the right housing and above the right light transmitter arrangement.. At least one left
housing and left polarizing element pair are each irregularly formed and fit together,
and at least one right housing and right polarizing element are each irregularly formed

in a manner complementary to the at least one left housing and leit polarizing element.
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Additionally, the present design may include the foregoing wherein at least one
left LED comprises a left diffuser material positioned between the leit polarizing
element and the left light transmitter arrangement, and at least one right LED
comprises a right diffuser material positioned between the right polarizing element and
the right light transmitter arrangement. The plurality of left LEDs may be linearly
arranged 1n a plurality of rows of left LEDs with a plurality of rows of right LEDs
interspersed between the rows of leit LEDs or the plurality of left LEDs and the
plurality of right LEDs may be arranged 1n a checkerboard pattern. Further, at least
one left polarizing element may be joined to at least one leit housing using a bonding

material.

At least one left polarizing element may be abraded and at least one right
polarizing element may be abraded. The at least one leit housing and left polarizing
element pair may {it together and are each 1rregularly formed using one from the group
consisting of a key mark, a slot, and a cut-out. In one arrangement, the at least one leit
housing comprises a left slot in one corner and the left polarizing element comprises
an opening fitting with the left slot in the one corner, and at least one right housing
comprises a right slot in a different corner. Circularly or linearly polarized light may

be transmitted.

Alternately, the present design may include a stereoscopic display system
comprising an array of Light Emitting Diodes (LEDs) comprising a plurality of left
LEDs, each left LED comprising a leit housing, a left light transmitter arrangement
within the left housing, and a left polarizing element positioned with the left housing
above the left light transmitter arrangement and a plurality of right LEDs, each right
LED comprising a right housing, a right light transmitter arrangement within the right
housing, and a right polarizing element positioned with the right housing and above
the right light transmitter arrangement. At least one left housing and left polarizing
element pair are each 1rregularly formed and fit together, and at least one right housing
and right polarizing element are each irregularly formed 1n a manner complementary

to the at least one leit housing and lefit polarizing element.

In another embodiment, an apparatus for placing a Light Emitting Diodes
(LEDs) 1n an arrangement 1s provided, comprising a carrier tape and a plurality of

LEDs positioned on the carrier tape, each LED comprising a housing, a light
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transmitter arrangement within the housing, and a polarizing element positioned with
the housing above the light transmitter arrangement. Each housing comprises a
specitic directional feature representing a polarization direction and each polarizing
element includes a complementary specific directional feature configured to it with

one corresponding housing.

The toregoing description of specific embodiments reveals the general nature
of the disclosure sufficiently that others can, by applying current knowledge, readily
modily and/or adapt the system and method for various applications without departing
from the general concept. Therefore, such adaptations and modifications are within
the meaning and range of equivalents of the disclosed embodiments. The phraseology

or terminology employed herein 1s for the purpose of description and not of limitation.
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WHAT IS CLAIMED I5S:

1. A stereoscopic display system, comprising:

an array of Light Emitting Diodes (LEDs) comprising:

a plurality of left LEDs, each left LED comprising leit side electrical
connections associated with a left housing, a left light transmitter arrangement
within the left housing, and a left polarizing element positioned with the left

housing above the left light transmitter arrangement; and

a plurality of right LEDs, each right LED comprising right side
electrical connections associated with a right housing, a right light transmitter
arrangement within the right housing, and a right polarizing element positioned

with the right housing and above the right light transmitter arrangement;

wherein at least one left housing and leit polarizing element pair are each
irregularly formed and {fit together, and at least one right housing and right polarizing
element are each irregularly formed 1n a manner complementary to the at least one leit

housing and left polarizing element.

2. The stereoscopic display system of claim 1, wherein at least one leit
LED comprises a left diffuser material positioned between the leit polarizing element
and the left light transmitter arrangement, and at least one right LED comprises a right
diffuser material positioned between the right polarizing element and the right light

transmitter arr angement.

3. The stereoscopic display system of claim 1, wherein the plurality of left
LEDs are linearly arranged 1n a plurality of rows of left LEDs with a plurality of rows

of right LEDs 1nterspersed between the rows of leit LEDs.

4 The stereoscopic display system of claim 1, wherein the plurality of left

LEDs and the plurality of right LEDs are arranged 1n a checkerboard pattern.

S. The stereoscopic display system of claim 1, wherein at least one leit

polarizing element 1s abraded and at least one right polarizing element 1s abraded.
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0. The stereoscopic display system of claim 1, wherein the at least one leit
housing and lett polarizing element pair fit together and are each 1rregularly formed

using one tfrom the group consisting of a key mark, a slot, and a cut-out.

7. The stereoscopic display system of claim 1, wherein at least one leit

polarizing element 1s joined to at least one left housing using a bonding material.

3. The stereoscopic display system of claim 6, wherein the at least one leit
housing comprises a lett slot in one corner and the left polarizing element comprises
an opening fitting with the left slot 1n the one corner, and at least one right housing

comprises a right slot 1n a different corner.

9. The stereoscopic display system of claim 1, wherein each of the left
plurality of LEDs transmit circularly polarized light of a first directionality and each ot
the right plurality of LEDs transmit circularly polarized light of a second

directionality.

10. The stereoscopic display system of claim 1, wherein each of the left
plurality of LEDs transmit linearly polarized light of a first directionality and each of

the right plurality of LEDs transmit linearly polarized light ot a second directionality.
11. The stereoscopic display system of claim 1, wherein:

the plurality of left LEDs comprise a plurality of left Surface Mount Device
(SMD) LEDs, and the plurality of right LEDs comprise a plurality of right SMD
LEDs;

the left side electrical connections comprise a left cathode, a lett anode, the leit
housing contacting the left anode and the left cathode, and a plurality of left leads
within the leit housing, and the right side electrical connections comprise a right
cathode, a right anode, the right housing contacting the right anode and the left

cathode, and a plurality of left leads within the left housing; and

the left light transmitter arrangement comprises a left RGB semiconductor
arrangement and the right light transmitter arrangement comprises a right RGB

semiconductor arrangement.
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12. A stereoscopic display system, comprising:
an array of Light Emitting Diodes (LEDs) comprising:

a plurality of left LEDs, each left LED comprising a left housing, a lefit
light transmitter arrangement within the left housing, and a leit polarizing
element positioned with the leit housing above the left light transmitter

arr angement; and

a plurality of right LEDs, each right LED comprising a right housing, a
right light transmitter arrangement within the right housing, and a right
polarizing element positioned with the right housing and above the right light

transmitter arr angement;

wherein at least one left housing and left polarizing element pair are each
irregularly formed and fit together, and at least one right housing and right polarizing
element are each irregularly formed 1in a manner complementary to the at least one leit

housing and left polarizing element.

13. The stereoscopic display system of claim 12, wherein at least one left
LED comprises a left diffuser material positioned between the leit polarizing element
and the left light transmitter arrangement, and at least one right LED comprises a right
diffuser material positioned between the right polarizing element and the right light

transmitter arrangement.

14. The stereoscopic display system of claim 12, wherein the plurality ot
left LEDs are linearly arranged 1n a plurality of rows of left LEDs with a plurality of
rows of right LEDs interspersed between the rows of left LEDs.

15. The stereoscopic display system of claim 12, wherein the plurality of

left LEDs and the plurality of right LEDs are arranged 1n a checkerboard pattern.

16. The stereoscopic display system of claim 12, wherein at least one left

polarizing element 1s abraded and at least one right polarizing element 1s abraded.
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17. The stereoscopic display system of claim 12, wherein the at least one
left housing and leit polarizing element pair fit together and are each 1rregularly

formed using one from the group consisting of a key mark, a slot, and a cut-out.

18. The stereoscopic display system of claim 12, wherein the plurality of
left LEDs and the plurality of right LEDs are configured to transmit complementary
polarized light selected from the group consisting of complementary linearly polarized

light and complementary circularly polarized light.

19. The stereoscopic display system of claim 12, wherein:

the plurality of left LEDs comprise a plurality of left Surface Mount Device
(SMD) LEDs, and the plurality of right LEDs comprise a plurality of right SMD
[LEDs; and

the left light transmitter arrangement comprises a left RGB semiconductor
arrangement and the right light transmitter arrangement comprises a right RGB

semiconductor arrangement.

20. An apparatus for placing a Light Emitting Diodes (LEDs) 1n an

arrangement, comprising:

a carrier tape; and

a plurality of LEDs positioned on the carrier tape, each LED comprising a
housing, a light transmitter arrangement within the housing, and a polarizing element

positioned with the housing above the RGB light transmitter arrangement;

wherein each housing comprises a specific directional feature representing a
polarization direction and each polarizing element includes a complementary specific

directional feature configured to fit with one corresponding housing.

21. The arrangement of claim 20, wherein the plurality of LEDs comprise

LEDs of a single polarization direction selected from the group consisting of right and

left.
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22. The arrangement of claim 20, wherein the plurality of LEDs comprise
LEDs of two complementary polarization directions selected from the group

consisting of right and left.
23. The arrangement of claim 20, wherein:

the plurality of leit LEDs comprise a plurality of left Surface Mount Device
(SMD) LEDs, and the plurality of right LEDs comprise a plurality of right SMD
[LEDs; and

the left light transmitter arrangement comprises a left RGB semiconductor
arrangement and the right light transmitter arrangement comprises a right RGB

semiconductor arrangement.

24. The stereoscopic display system of claim 12, wherein the left polarizing
element and the right polarizing element comprise one from the group consisting of a

polarizing {1lm and a polarizing lens.
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