UTILITY PATENT APPLICATION TRANSMITTAL UNDER 37 C.F.R.§1.53(b)

U.S. Patent and Trademark Office

Customer Service Window, MAIL STOP PATENT APPLICATION
Randolph Building

401 Dulany Street

Alexandria, VA 22314

Sir:

Docket No.: HI-0434

Transmitted herewith for filing is the patent application of
INVENTORS: Hyung Hwa PARK

FOR: LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME

Enclosed are:

1. 27 pages of specification, claims, abstract 7. [T] Assignment papers for LG Innotek Co., Ltd. covet

2. 6 sheets of FORMAL drawings sheet, assignment and assignment fee) (To Follow)

3. X 2 pages of newly executed Declaration & Power of 8. [ Certified copy of Priority Application No. ___(To
Attotney (copy or otiginal) Follow)

9. [J Two (2) return postcards
[] Stamp & Return with Courier
[[] Prepaid postcard-stamped filing date & returned with
unofficial Serial Number
10. [X] Authorization under 37 C.F.R. §1.136(2)(3)
11. [] Request and Certification under 35 U.S.C. §122(b)(2)(B) (i)

4. X] Priotity claimed to Appln. No. 10-2009-0013161 filed
on February 17, 2009 in Korea, whose entire
disclosure is incorporated herein by reference.

5.[] Applicant claims Small Entity Status
6. ] Information Disclosure Statement, Form PTO-1449

and _____ references 12. [] Other

For No. Filed No. Extra Rate Fee
Total Claims 27 -20 7 X $52.00 $364.00
Independent Claims 2 -3 0 X $220.00 $0.00
Multiple Dependent Claims (If applicable) X $390.00 $0.00
APPLICATION SIZE FEE ( -100 = /52 x 270.00) $0.00
BASIC FILING FEE $330.00
UTILITY SEARCH FEE $540.00
UTILITY EXAMINATION FEE $220.00
TOTAL FILING FEE $1,454.00

X Please chatge my Credit Card.

1 Please charge my Deposit Account No. 16-0607 in the amount of § . A duplicate copy of this sheet is enclosed.

X The Commissioner is hereby authorized to charge payment of following fees during the pendency of this application or credit
any overpayment to Deposit Account No. 16-0607.

X Any additional filing fees required under 37 CF.R. 1.16.

X Any patent application processing fees under 37 CF.R. 1.17.

X Any filing fees under 37 C.F.R. 1.16 for presentation of extra claims.
Respectfully submitted,

Registration No. 56,408

Cotrrespondence Address:
P.O. Box 221200

Chantilly, Virginia 20153-1200
703 766-3777 DYKJKM:Ihd
Date:  February 2, 2010

Please direct all cortespondence to Customer Number 34610
221936

Hisense Exhibit 1002, Page 1 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This claims ptiority under 35 U.S.C. 126 and 35 U.S.C. 365 to Korean Patent
Application No. 10-2009-0013161 (filed in Korea on February 17, 2009), the entirety of

which is incorporated herein by reference.

BACKGROUND

1. Field

[0002]  This relates to a light source and a display device having the same.

2. Background

[0003]  Display devices may include a cathode ray tube (CRT), a liquid crystal display
device (I.CD), a plasma display panel (PDP), and an electroluminescent display (ELD).
LCDs may display an image by controlling an amount of light incident from the outside.
Thus, a backlight assembly may be used to irradiate light onto a liquid crystal panel and

display an image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The embodiments will be described in detail with reference to the following

drawings in which like reference numerals refer to like elements wherein:
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[0005] FIG. 1 is a perspective view of a display device in accordance with an
embodiment as broadly described herein.

[0006] FIG. 2 illustrates shifts of color coordinate distribution using a color
coordinate conversion sheet.

[0007] FIG. 3 is a perspective view of a display device in accordance with another
embodiment as broadly described herein.

[0008] FIG. 4 is a perspective view of a display device in accordance with another
embodiment as broadly described herein.

[0009] FIG. 5 is a perspective view of a display device in accordance with another
embodiment as broadly described herein.

[0010] FIG. 6 is a perspective view of a display device in accordance with another
embodiment as broadly described herein.

[0011]] FIG. 7 is a perspective view of a display device in accordance with another
embodiment as broadly desctibed herein.

[0012] FIG. 8 is a perspective view of a display device in accordance with another
embodiment as broadly described herein.

[0013] FIG. 9 is a perspective view of a display device in accordance with another
embodiment as broadly described herein.

[0014]  FIG. 10 is a petspective view of a display device in accordance with another

embodiment as broadly described herein.
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[0015] FIG. 11 is a schematic view of a process of fabricating a color coordinate

conversion sheet as embodied and broadly described herein.

DETAILED DESCRIPTION

[0016] Reference will now be made in detail to various embodiments, examples of
which are illustrated in the accompanying drawings. In description of embodiments, it will
be understood that in a case where a layer (or sheet), a region, a pattern, or components is
referred to as being ‘on’ or ‘under’ another substrate, layer (or film), region or patterns, the
‘on’ and ‘under’ include all the meanings of ‘directly’ and ‘indirectly’. Further, references to
‘on’ and ‘under’ each layer will be made based on the exemplary illustration in drawings.
Also, the thickness of each layer in the drawings is exemplary, and is not limited thereto.

[0017]  Referring to FIG. 1, a display device 100 as embodied and broadly described
herein may include a cover 105 which encloses or houses various components, a light
emitting module 110, a reflective plate 120, a light guide plate (or light guide panel, LGP)
130, an optical sheet 140, a color coordinate conversion sheet 145, and a display panel 150.
The cover 105, the light emitting module 110, the reflective plate 120, the light guide plate
130, the optical sheet 140, and the color coordinate conversion sheet 145 may together
function as a light source.

[0018] In the embodiment shown in FIG. 1, the cover 105 includes a recess, with
inclined side walls disposed along edges of the cover 105. However, the present disclosure is

not limited thereto, and other arrangements may also be appropriate.
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[0019]  The light emitting module 110 may include a board 115 and a plurality of light
emitting diodes 112. The light emitting module 110 may be positioned in the recess formed
by the cover 105. The board 115 may be, for example, a rigid board, a flexible board, a metal
core PCB, a ceramic board, or other type of board as appropriate. The light emitting
module 110 may be installed on a cover such as, for example, a mold frame, a chassis, or
other cover as appropriate.

[0020]  The light emitting diodes 112 may be disposed on a surface of the board 115,
such as, for example, on the upper surface of the board 115, and may face a corresponding
side surface of the light guide plate 130. Alternatively, the light emitting diodes 112 may be
disposed on the lower surface of the board 115 when the board is positioned horizontally as
shown in FIG. 1, or, when the board 115 is positioned vertically, the light emitting diodes
112 may be disposed on the front surface of the board 115. That is, the light emitting diodes
112 may be disposed on tile board 115 in a side view manner or a top view mannetr.

[0021]  The light emitting diodes 112 may be spaced apart by a constant interval or at
different intervals from each other. Each light emitting diode 112 may be provided in a
package in which at least one LED chip is molded in a resin layer. Each of the light emitting
diodes 112 may be one of a blue LED chip, a yellow LED chip, a green LED chip, a red
LED chip, a UV (Ultraviolet) LED chip, an amber LED chip, a blue-green LED chip, a
combination of a fluorescent material and at least one of the LED chips, and other

combinations as appropriate.
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[0022] All of light emitting diodes 112 may emit light having a spectrum of
substantially the same color, or a group of the light emitting diodes 112 may emit a spectrum
having different colors. For example, a blue LED chip or a three color (red, green, and blue)
LED chip may be used for the light emitting diodes 112. The light emitting diodes 112 of
the light emitting module 110 may have multi ranks.

[0023] Morte specifically, the light emitting diodes 112 may include LED chips
having an substantially the same rank or different ranks, respectively. For example, at least
two of the light emitting diodes 112 may include LED chips having different ranks. The
light emitting diodes 112 may emit light having a color coordinate distribution that falls
outside of a target color coordinate distribution. That is, light emitted by the light emitting
diodes may have a color that does not correspond to a target color, or a desired or optimal
colot, for a particular display device.

[0024] The light emitting diodes 112 may have multi color ranks (hereinafter,
referred to as multi ranks). The ranks may be obtained by classifying optical characteristics
into regions according to a color coordinate, a main wavelength or a peak wavelength. A
single tank may be a case in which, for example, the light emitting diodes 112 include blue
LED chips, e.g., a tank having the same wavelength. For example, when blue LED chips
having wavelengths ranging from 451 to 455 nm are sorted by 1 nm, five ranks, respectively
451 nm, 452 nm, 453 nm, 454 nm, and 455 nm, are generated. When LED chips having

only one of the five ranks (i.c., identical wavelengths) are used in LEDs, the LED chips ate
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referred to as light emitting diodes having a single rank. In this case, LED chips having the
other ranks cannot be used, and thus are discarded or set aside, yielding waste and/or
additional fabrication time and expense.

[0025]  That is, for example, when a blue LED chip uses a rank having a wavelength
of 453 nm, only blue LED chips having a wavelength of 453 nm can be used, and thus chips
having ranks other than 453 nm would be discarded. However, in a display 100 as embodied
and broadly described herein, ranks having wavelengths near 453 nm may also be used and
still achieve the same effect. That is, chips of differing ranks may be used to achieve a
desired or target color of light, such as, for example, white light, to achieve the desired
display characteristics.

[0026]  The light guide plate 130 is disposed on a side of the light emitting module
110. The light guide plate 130 may be formed of, for example, a poly carbonate (PC)
material, a poly methy methacrylate (PMMA) material, or other material as appropriate. A
reflective pattern may be formed on a lower portion of the light guide plate 130.

[0027]  The first light emitted from the light emitting diodes 112 is incident on the
light guide plate 130. The light guide plate 130 guides the first light emitted from the light
emitting diodes 112 to the entire region so as to emit the first light as a surface light source.

[0028]  The reflective plate 120 is positioned on the lower side of the light guide plate
130, and the optical sheet 140 and the color coordinate conversion sheet 145 are positioned

on the upper side thereof.
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[0029]  The reflective plate 120 reflects light leaking from the light guide plate 130 to
the display panel 150. The optical sheet 140 transmits light errﬁtted by the light guide plate
130 to the display panel 150 in a uniform brightness distribution.

[0030] The optical sheet 140 may be, for example, a diffusion sheet, a horizontal and
vertical prism sheet, a brightness improving sheet, or other type of sheet as appropriate. The
diffusion sheet spreads incident light, the horizontal and vertical prism sheet collects incident
light into a display region, and the brightness improving sheet collects lost light to improve
brightness. The optical sheet 140 is configured to refract, reflect, and diffuse incident light,
and may include the color coordinate conversion sheet 145 (hereinafter “conversion sheet
1457).

[0031] The conversion sheet 145 may be formed by coating a transparent sheet such
as, for example, a plastic or acryl sheet, with fluorescent material, or by mixing a fluorescent
material into the material of a transparent sheet. The fluorescent material may include at
least one of yellow, red, blue, and green materials.

[0032] The conversion sheet 145 may be positioned on at least one of the upper and
lower sides of the optical sheet 140. In certain embodiments, the conversion sheet 145 may
be provided in plurality.

[0033] The conversion sheet 145 may convert a portion of the incident first light to a
second light. The first light and the second light may be mixed and converted to the target

color. In this embodiment, when the color of light emitted by a combination of one of an

Hisense Exhibit 1002, Page 8 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



LED chip and/or a light emitting diode falls outside of the target color, the resulting color
may be shifted back into the target color.

[0034]  Referring to FIGS. 1 and 2, when characteristics (brightness and color) of the
first light emitted by the light emitting diodes 112 are measured, the characteristics may be
scattered in a region Al including points B1, C1, and D1 on CIEx/CIEy coordinates. When
LED chips having one or more colors are configured in a multi rank manner, the
characteristics of the light emitting diode 112 having multi ranks may be distributed in the
region Al, and outside of a target region A2 on CIE color coordinates. The region Al may
be a standard region, and the region A2 may be a target region of the standard region Al.

[0035] For example, when the conversion sheet 145 includes a yellow based
fluorescent material, the point C1 of the first light may be shifted to a point C2 that falls
with the target region A2 due to the yellow based fluorescent material in the conversion
sheet 145. Similarly, when the conversion sheet 145 is a red based fluorescent sheet, the
point D1 of the first light may be shifted to a point D2 within the target region A2 by the
red based fluorescent sheet. Likewise, when the conversion sheet 145 is a green based
fluorescent sheet, the point B1 of the first light may be shifted to a point B2 within the
target region A2 by the green based fluorescent sheet.

[0036] The conversion sheet 145 shifts the color of the first light from the standard
region Al to the target region A2. More specifically, the conversion sheet 145 may shift the

color coordinate of one or mote of the points B1, C1, and D1 disposed within the standard
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region Al of FIG. 2 to a position close to a center coordinate of the target region A2 having,
for example, CIEx=0.313 and CIEy=0.329, which may be representative of the desired color
of light, or target color, such as, for example, white light. The conversion sheet 145 may
include at least one type of fluorescent material to convert a color rank of light emitted by
the light emitting diode 112 to a target color rank.

[0037]  Referring to FIG. 1, the display panel 150 may be disposed on the conversion
sheet 145 or the optical sheet 140. For example, the display panel 150 may be an LCD panel
that includes first and second transparent substrates facing each other, and a liquid crystal
layer positdoned between the first and second substrates. A polarizer plate may be attached
to at least one surface of the display panel 150 in a suitable manner. The display panel 150
displays information using light that passes through the optical sheet 140 and the conversion
sheet 145. The display device 100 may be, for example, portable terminals, monitors of
notebook computers and laptop computers, televisions, and other such devices.

[0038] FIG. 3 is a perspective view of a display device according to another
embodiment as broadly described herein. In desctibing this embodiment, wherever possible,
like reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0039] The display device 100A shown in FIG. 3 may include a cover 105, a light
emitting module 110, a reflective plate 120, a light guide plate 130, and a display panel 150

similar to the embodiment shown in FIG. 1. The display device 100A may also include a
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diffusion sheet 141 including a color conversion material, and a prism sheet 142. The
diffusion sheet 141 and the prism sheet 142 may be considered optical sheets.

[0040]  An upper surface 141A of the diffusion sheet 141 may be coated with a color
coordinate material. The color conversion material may be, for example, a fluorescent
material that may include at least one of yellow, red, blue, and green fluorescent materials.
In this case, an incident first light and a second light emitted by the color conversion
material may have a complementary color relationship with respect to target color
coordinates.

[0041] The color coordinate distribution of the first light incident on the diffusion
sheet 141 may be converted to a target color coordinate distribution by the fluorescent
material. ‘That is, the fluorescent matgrial may excite a portion of the incident first light to
generate the second light, the second light having a different wavelength. At this point, the
incident first light and the second light may be mixed and converted to the target color.

[0042]  Although the diffusion sheet 141 shown in FIG. 3 is coated with a color
conversion material on an upper surface thereof in this embodiment, in alternative
embodiments, a color conversion material may be added into the diffusion sheet 141. In a
similar mannet, instead of the diffusion sheet 141, the prism sheet 142 may be coated with a
color convetsion material, or a color conversion material may be added into the prism sheet
142.

[0043] In this embodiment, the light emitting module 110 may include at least one

10
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type of LED chips that have mult ranks, or the light emitting diodes 112 that have multi
ranks, so as to increase the use yield of LED chips and light emitting diodes.

[0044] FIG. 4 1s a perspective view of a display device according to another
embodiment as broadly described herein. In describing this embodiment, whetrevet possible,
like reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0045] A display device 100B as shown in FIG. 4 may include a plurality of light
emitting modules 110 and 110A provided at two opppsite ends of the light guide plate 130.
The first light emitting module 110 includes the board 115 and the light emitting diodes 112,
and is positioned at a first end of the light guide plate 130. The second light emitting
module 110A includes a board 115A and light emitting diodes 112A, and is positioned at a
second end of the light guide plate 130.

[0046]  The conversion sheet 145 may be positioned between the diffusion sheet 141
and the prism sheet 142 to excite portions of light emitted by the light emitting modules 110
and 110A to emit light having different wavelengths. The conversion sheet 145 converts the
color of light emitted by the first light emitting module 110 and the secona light emitting
module 110A to a target color. For example, the conversion sheet 145 may shift the color
coordinates of the points B1, C1, and D1 distributed in the region Al of FIG. 2 to a
position close to a target coordinate, e.g., the coordinate having CIEx=0.313 and

CIEy=0.329 representative of a desired/target color of light, such as, for example, white
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light.

[0047) FIG. 5 is a perspective view of a display device according to another
embodiment as broadly described herein. In this embodiment, wherever possible, like
reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0048] A display device 100C as shown in FIG. 5 may include a plurality of light
emitting modules 110 and 110B provided at adjacent/neighboring sides of the light guide
plate 130. The conversion sheet 145 may be positioned between the diffusion sheet 141 and
the prism sheet 142. The first light emitting module 110 may extend in a longitudinal
direction of the light guide plate 130. The second light emitting module 110B may include
light emitting diodes 112B and a board 115B, and may extend in a lateral direction of the
light guide plate 130. When the lateral length of the light guide plate 130 is different from
the longitudinal length thereof, the light emitting modules 110 and 110B may be positioned
along the longitudinal and lateral directions of the light guide plate 130, respectively.

[0049]  In this embodiment, when the color of light emitted by a combination of one
of the light emitting modules 110 and 110B, one of LED chips, and one of the light emitting
diodes 112B is outside of a target color distribution, a resulting abnormal color distribution
may be shifted into the target color distribution.

[0050] FIG. 6 is a perspective view of a display device according to another

embodiment as broadly described herein. In this embodiment, wherever possible, like

12
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reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0051] The display device 200 shown in FIG. 6 may include a cover 210, a light
emitting module 220, an optical sheet 240, a conversion sheet 245, and a display panel 250.
The cover 210, the light emitting module 220, the optical sheet 240, and the conversion
sheet 245 may function together as a light source. The cover 210 may define a recess 211,
with an inclined side wall that extends along an outer peripheral edge of the bottom cover
210. Other arrangements may also be appropriate.

[0052] The light emitting module 220 may be arranged in at least one row and at
least one column in the cover 210, or in other arrangements as appropriate. The light
emitting module 220 may include light emitting diodes 222 arranged in at least one column
on a board 225. Alternatively, the light emitting diodes 222 may be installed on the cover
210, without the board 225. The light emitting diodes 222 may be installed on the board 225
in a chip on board manner, a package on board manner, or other manner as approptiate.

[0053]  The color of a first light emitted by the light emitting module 220 may be
shifted to a target color by the conversion sheet 245. In this embodiment, when the color
coordinate distribution of light emitted by a combination of one of the light emitting module
220, one of LED chips, and one of the light emitting diodes 222 is outside of the target
color cootdinate disttibution, the resulting abnormal color coordinate distribution may be

shifted to the target color coordinate distribution.
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Hisense Exhibit 1002, Page 14 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



[0054] FIG. 7 is a perspective view of a display device according to another
embodiment as broadly described herein. In this embodiment, wherever possible, like
reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0055] A display device 200A as shown in FIG. 7 may include the cover 210, the
light emitting module 220, and the display panel 250. The display device 200A may also
include a diffusion sheet 241, a ptism sheet 242, and a conversion sheet 245A. The light
emitting module 220 may be arranged in at least one row and at least one column in the
cover 210, or in another arrangement as approptiate. The light emitting module 220 may
include the light emitting diodes 222 arranged on the board 225. Reflective materials or
reflective sheets 227 may be disposed around the light emitting diodes 222. 'The conversion
sheet 245A may be a light transmitting sheet including a fluorescent material. Alternatively,
through a coating process, the conversion sheet 245A may be formed on the upper surface
of the diffusion sheet 241 or on the lower surface of the prism sheet 242.

[0056] FIG. 8 is a perspective view of a display device according to another
embodiment as broadly described herein. In this embodiment, wherever possible, like
reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0057] A display device 200B as shown in FIG. 8 may include the cover 210, the

light emitting module 220, the optical sheet 240, the conversion sheet 245, and the display
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panel 250. The display device 200B may also include alight guide plate 230. The light guide
plate 230 emits light emitted by the light emitting module 220 as a surface light source. The
optical sheet 240 may be configured as a prism sheet.

[0058] The conversion sheet 245 shifts the color coordinate distribution of light
emitted by the light guide plate 230 to a target color coordinate distribution. That is, when
more than one light emitting module 220 is provided, the conversion sheet 245 excites
portions of a first light emitted by the light emitting modules 220 so as to convert the first
light to a second light, and emits the first light and the second light such that the first light
and the second light are mixed to the color coordinate distribution of a target light.
Accordingly, the color of light incident on the display panel 250 is the target color, which has
been shifted from the color of light originally emitted by the light emitting modules 220.

[0059] The cover 210 may accommodate the light emitting module 220, the light
guide plate 230, the optical sheet 240, and the conversion sheet 245. The outer peripheral
surface of the cover 210 that extends from the bottom surface of the cover 210 may be
inclined, vertical, or bent several times to accommodate these components. For example
shown in FIG. 9, a lower portion of the outer peripheral surface of the cover 210 may
extend upward at an incline from the bottom surface, and the upper portion thereof may be
bent and then extend vertically upward therefrom.

[0060] FIG. 10 is a perspective view of a display device according to another

embodiment as broadly described herein. In this embodiment, wherever possible, like
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reference numerals will be used to denote like elements, and further detailed description
thereof will be omitted.

[0061] A display device 200C as shown in FIG. 10 may include the cover 210, the
light emitting module 220, the prism sheet 242, and the display panel 250. The display
device 200C may also include a diffusion sheet 241A including a color conversion material.
The upper or lower surface of the diffusion sheet 241A may be coated with a layer of color
conversion material, or a color conversion material may be included in the material from
which diffusion sheet 241A is formed.

[0062] In this embodiment, when the color of light emitted by a light source falls
outside of a target color distribution, the color distribution may be shifted into the target
color distribution by the diffusion sheet 241A or by a layer including a color conversion
material. Accordingly, the light emitting diodes 222 of the light emitting module 220 may
use LEDs having ranks adjacent to and out of the target color distribution, that is, LEDs
having mult ranks or LEDs having failure ranks, thus improving yield use.

[0063]  FIG. 11 illustrates fabrication of a conversion sheet as embodied and broadly
described herein.

[0064] As shown in FIG. 11, a sheet of raw material 161 formed of transparent resin
may be coated with a solvent 162 mixed with a specific fluorescent dye by a coating
apparatus 163. The coated material may be conveyed by a roller 165, and then dried by a

drying apparatus 164 so as to form a conversion sheet 161A. A surface of the conversion
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sheet 161A is coated with the solvent 162 by, for example, a laminating method, or other
process as appropriate.

[0065] Fluorescent dye may be obtained by mixing powders including various colors
such as, for example, yellow, red, blue, and green, a resin (e.g., transparent acryl) having an
approptiate viscosity, and alcohol in a predetermined ratio. A coloring matter and a
distribution amount of the fluorescent dye may be determined based on a difference
between the color of incident light and the color of target light.

[0066]  Alternatively, the solvent 162 may be mixed with the raw sheet material. Such
a fluorescent material may be added in this manner when the diffusion sheet or the prism
sheet is fabricated.

[0067) In a display device as embodied and broadly described herein, to obtain the
target color coordinate, light emitting diodes having multi ranks, that is, light emitting diodes
including LED chips out of a target color range may be used instead of light emitting diodes
having a single rank. In addition, a color coordinate distribution that falls outside of the
tatget color range may be shifted into the target color coordinate distribution by the sheet
including a color coordinate conversion material. Accordingly, the use yield of LED chips
and light emitting diodes may be increased and fabrication cost may be decreased.

[0068] In a display device as embodied and broadly described herein, the use yield of
light emitting diodes may be increased, fabrication cost may be decreased and a color

coordinate distribution may be adjusted on the light unit. In addition, the rank tolerance of
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an LED chip of a light emitting diode may be increased.

[0069] Embodiments provide a light unit including a color coordinate conversion
sheet that converts a color coordinate disttibution of light emitted from a plurality of light
emitting diodes to a predetermined color coordinate distribution, and a display device having
the light unit.

[0070] Embodiments provide a light unit including a layer or sheet that shifts the
colot coordinate distribution of a first light emitted from a plurality of light emitting diodes
to a target color coordinate distribution so as to emit a second light, and a display device
having the light unit.

[0071] A light unit as embodied and broadly described herein may include a light
guide plate; a light emitting module comprising a plurality of light emitting diodes emitting a
light to a side of the light guide plate; and a color coordinate conversion sheet disposed on
the light guide plate and converting a color coordinate distribution of the light emitted from
the light emitting module to another color coordinate distribution.

[0072] A light unit as embodied and broadly described herein may include a bottom
cover; a light emitting module comprising a plurality of light emitting diodes disposed on the
bottom cover; an optical sheet on the light emitting module; and a color coordinate
conversion layer disposed on the light emitting module and emitting a light for converting a
color coordinate distribution of light emitted from the light emitting module to another

color coordinate distribution.
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[0073] A display device as embodied and broadly described herein may include a
bottom cover; a light emitting module comprising a plurality of light emitting diodes
disposed on a side of the bottom cover; a light guide plate on a side of the light emitting
module; an optical sheet on the light guide plate; a display panel on the optical sheet; and a
color coordinate conversion layer disposed on the light guide plate and converting a color
coordinate distribution of light emitted from the light guide plate to another color
coordinate distribution.

2> K¢

[0074]  Any reference in this specification to “one embodiment,” “an embodiment,”
“example embodiment,” etc., means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one embodiment of the
invention. The appearances of such phrases in various places in the specification are not
necessatily all referring to the same embodiment. Further, when a particular feature,

structure, or characteristic is desctibed in connection with any embodiment, it 1s submitted

that it is within the purview of one skilled in the art to effect such feature, structure, or

[0075]  Although embodiments have been described with reference to a number of
illustrative embodiments thereof, it should be undetstood that numerous other
modifications and embodiments can be devised by those skilled in the art that will fall within
the spirit and scope of the principles of this disclosure. More particularly, numerous

variations and modifications are possible in the component parts and/or arrangements of
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the subject combination atrangement within the scope of the disclosure, the drawings and
the appended claims. In addition to variations and modifications in the component parts

and/or arrangements, alternative uses will also be apparent to those skilled in the att.
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WHAT IS CLAIMED IS:

1. A light source, comprising:

a light guide plate;

at least one light emitting module positioned so as to emit light incident on the light
guide plate, wherein the at least one light emitting module comptises a plurality of light
emitting diodes; and

a conversion sheet provided on the light guide plate, whetein the conversion sheet
converts a color of the light emitted by the at least one light emitting module to a target

colot.

2. The light source of claim 1, wherein the conversion sheet includes a

fluorescent material having at least one color.

3. The light source of claim 1, wherein the conversion sheet includes at least one

of red, green, blue, or yellow fluorescent materials.

4. The light source of claim 1, wherein the conversion sheet comprises a

diffusion sheet including a color conversion matetial.

5. The light source of claim 4, wherein the conversion sheet further comptises a
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prism sheet aligned with the diffusion sheet.

6. The light source of claim 1, further comprising an optical sheet aligned with
either an upper or a lower side of the conversion sheet, wherein the optical sheet comprises

at least one of a diffusion sheet or a prism sheet.

7. The light source of claim 1, further comprising a reflective plate positioned

under the light guide plate.

8. The light source of claim 1, whetein the at least one light emitting module
comprises a first light emitting module positioned at a first side edge of the light guide plate,

and a second light emitting module positioned at a second side edge of the light guide plate.

9. The light source of claim 8, whetein the first and second side edges of the

light guide plate are opposite each other.

10.  The light source of claim 8, wherein the first and second side edges of the

light guide plate are adjacent to each other.

11.  The light source of claim 1, wherein at least two of the plurality of light
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emitting diodes have different color coordinate distributions within a same color spectrum.

12.  The light source of claim 1, wherein at least two of the light emitting diodes

comprise light emitting diode chips having multi ranks.

13.  The light source of claim 12, whetein each of the light emitting diode chips
comprises at least one of a blue light emitting diode chip, a green light emitting diode chip, a
yellow light emitting diode chip, an amber light emitting diode chip, or a blue-green light

emitting diode chip.

14.  'The light soutrce of claim 1, wherein the conversion sheet is configured to
excite a portion of a first light emitted by the plurality of light emitting diodes so as to
convert the portion of the first light to a second light, and to mix the first light and the

second light so as to provide a third light having the target color.

15.  The light source of claim 14, wherein the target color falls within a range in
which x of CIEx is between approximately 0.293 and 0.333, and y of CIEy is between

approximately 0.309 and 0.349.

16.  'The light soutce of claim 15, whetein light emitted by the light guide plate has
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a color coordinate distribution that is outside of that of the target color.

17.  The light soutce of claim 1, wherein a size of the conversion sheet is

substantially equal to a size of the light guide plate.

18.  The light soutce of claim 1, wherein the light guide plate, the at least one light
emitting module and the conversion sheet are configured to be coupled to a cover having a
receiving surface and side walls extending along an outer peripheral edge of the receiving
surface, the side walls defining an open face of the cover so as to form a receiving space

therein.

19. The light soutce of claim 18, wherein the at least one light emitting module is
positioned adjacent to the light guide plate within the receiving space on the receiving
surface of the cover, and the color coordinate conversion assembly is positioned on a distal

edge of the cover defined by an exposed surface of the side walls of the covet.

20. The light source of claim 18, wherein the at least one light emitting module is
positioned adjacent to the light guide plate within the receiving space on the receiving

surface of the cover, and the color coordinate conversion assembly is positioned within the
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receiving space of the cover, spaced apart from the light guide plate and at least one light

emitting module.

21.  The light source of claim 18, wherein the side walls of the cover extend at an
incline from a first end thereof that is adjacent to the receiving surface of the cover to a

second end thereof that defines the open face of the cover.

22.  The light source of claim 18, wherein the side walls of the cover extend at an
incline from a first end thereof that is adjacent to the receiving surface of the cover to an
intermediate point of the side walls, and whetein the side walls are bent at the intermediate
point so as to extend in a direction that is perpendicular to the receiving surface of the cover

from the intermediate point to a second end thereof that defines the open face of the cover.

23. A display device, comprising:

a covet;

a light emitting module provided on the cover, the light emitting module comprising
a plurality of light emitting diodes ;

a light guide plate provided at a side of the light emitting module;

an optical sheet provided on the light guide plate;

a display panel provided on the optical sheet; and
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a conversion layer provided on the light guide plate, wherein the convetsion layer

converts a first color of light emitted by the light guide plate to a target color.

24.  The display device of claim 23, wherein the conversion layer shifts a colot
coordinate distribution of the light emitted by the light guide plate to a color coordinate

having CIEx=0.313 and CIEy=0.329.

25.  The display device of claim 24, wherein the conversion layer comprises a light

transmitting sheet positioned at either an upper or a lower side of the optical sheet.

26.  The display device of claim 24, wherein the optical sheet and the conversion

layer comprise one of a diffusion sheet or a prism sheet.

27.  The display device of claim 23, wherein the color coordinate conversion layer

comprises a coating of color cootdinate conversion matetial provided on a surface of the

diffusion sheet.
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ABSTRACT

A display device including a light unit is provided. The light unit may include a light
guide plate, a light emitting module, and a color coordinate conversion sheet. The light
emitting module may include a plurality of light emitting diodes configured to emit light to a
side of the light guide plate. The color coordinate conversion sheet may be positioned on
the light guide plate to convert a color coordinate distribution of the light emitted by the
light emitting module to a color coordinate distribution that falls within a target distribution

rangc.
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Prior U. 8. Application
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information and belief are believed 1o be true; and fusther that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both, nader Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/698,478

Projected Publication Date: 08/19/2010
Non-Publication Request: No

Early Publication Request: No
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Title

LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME
Preliminary Class

257

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3

Hisense Exhibit 1002, Page 46 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



This is to certify that the following application annexed hereto
is a true copy from the records of the Korean Intellectual

Property Office
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ILLUMINATION APPARATUS

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to artificial illumination and, more particularly,

but not exclusively to an illumination apparatus capable of providing light at any
intensity profile and any color profile, including, without limitation, uniform white
light.

Artificial light can be generated in many ways, including, electroluminescent
illumination (e.g., light emitting diodes), incandescent illumination (e.g., conventional
incandescent lamps, thermal light sources) and gas discharge illumination (e.g.,
fluorescent lamps, xenon lamps, hollow cathode lamps). Light can also be emitted via
direct chemical radiation discharge of a photoluminescent (e.g., chemoluminescence,
fluorescence, phosphorescence).

A light emitting diode (LED) is essentially a p-n junction semiconductor diode
that emits a monochromatic light when operated in a forward biased direction. In the
diode, current flows easily from the p-side to the n-side but not in the reverse
direction. When two complementary charge-carriers (an electron and a "hole")
collide, the electron-hole system experiences a transition to a lower energy level and
emits a photon. The wavelength of the light emitted depends on the deference
between the two energy levels, which in turn depends on the band gap energy of the
materials forming the p-n junction.

LEDs are used in various applications, including, traffic signal lamps, large-
sized full-color outdoor displays, various lamps for automobiles, solid-state lighting
devices, flat panel displays and the like. The basic structure of a LED consists of the
light emitting semiconductor material, also known as the bare die, and numerous
additional components deigned for improving the performance of the LED. These
components include a light reflecting cup mounted below the bare die, a transparent
encapsulation, typically silicone, surrounding and protecting the bare die and the light
reflecting cup, and bonders, for supplying the electrical current to the bare die. The
bare die and the additional components are efficiently packed in a LED package.

- Nowadays, the LED has won remarkable attention as a next-generation small-
sized light emitting source. The LED has heretofore had advantages such as a small

size, high resistance and long life, but has mainly been used as indicator illumination
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for various measuring meters or a confirmation lamp in a control state because of

restrictions on a light emitting efficiency and light emitting output. However, in
recent years, the light emitting efficiency has rapidly been improved, and it is said to
be a 'matter of time that the light emitting efficiency exceeds that of a high-pressure
mercury lamp or a fluorescent lamp of a discharge type which has heretofore been
assumed to have a high efficiency. Due to the appearance of the high-efficiency high-
luminance LED, a high-output light emitting source using the LED has rapidly
assumed a practicability. In recent years, a blue LED has been brought into a
practical use stage in addition to conventional red and green LEDs, and this has also
accelerated the application of the LED.

The application of the high-efficiency high-luminance LED has been
considered as a promising small-sized light emitting source of an illuminating unit
which is requested to have a light condensing capability. The LED originally has
characteristics superior to those of another light emitting source, such as life,
durability, lighting speed, and lighting driving circuit. Furthermore, above all, blue is
added, and three primary colors are all used in a self-light emitting source, and this
has enlarged an application range of a full-color image displays.

Luminescence is a phenomenon in which energy is absorbed by a substance,
commonly called a luminescent, and emitted in the form of light. The absorbed
energy can be in a form of light (photons), electrical field or colliding particles (e.g.,
electrons). The wavelength of the emitted light differs from the characteristic
wavelength of the absorbed energy (the characteristic wavelength equals Ac/E, where h
is the Plank's constant, ¢ is the speed of light and E is the energy absorbed by the
lmninesoént).

The luminescence is a widely occurring phenomenon which can be classified
according to the excitation mechanism as well as according to the emission
mechanism. Examples of such classifications include photoluminescence,

electroluminescence, fluorescence and phosphorescence.  Similarly, luminescent

materials are classified into photoluminescents materials, electroluminescent materials, -

fluorescent materials and phosphorescent materials, respectively.
A photoluminescent is a material which absorbs energy is in the form of light,
an electroluminescent is a material which absorbs energy is in the form of electrical

field, a fluorescent material is a material which emits light upon return to the base state
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from a singlet excitation, and a phosphorescent materials is a material which emits

light upon return to the base state from a triplet excitation.

In fluorescent materials, or fluorophores, the electron de-excitation occurs
almost spontaneously, and the emission ceases when the source which provides the
exciting energy to the fluorophore is removed.

In phosphor materials, or phosphors, the excitation state involves a change of
spin state which decays only slowly. In phosphorescence, light emitted by an atom or
molecule persists after the exciting source is removed. |

Luminescent materials are selected according to their absorption and emission
characteristics and are widely used in cathode ray tubes, fluorescent lamps, X-ray
screens, neutron detectors, particle scintillators, ultraviolet (UV) lamps, flat panel
displays and the like.

Luminescent materials, particularly phosphors, are also used for altering the
color of LEDs. Since blue light has a short wavelength (compared, e.g., to green or
red light), and since the light emitted by the phosphor has a longer wavelength than
the absorbed light, blue light generated by a blue LED can be readily converted to
produce visible light having a longer wavelength. For example, a blue LED coated by
a suitable yellow phosphor can emit white light. The phosphor absorbs the light from
the blue LED and emits in a broad spectrum, with a peak in the yellow region. The
photons emitted by the phosphor and the non-absorbed photons emitted of the LED
are perceived together by the human eye as white light. The first commercially
available phosphor based white led was produced by Nichia Co. The white LED
consisted of a gallium indium nitride (InGaN) blue LED coated by a yellow phosphor.

In order to get sufficient brightness, a high intensity LED is needed to excite
the phosphor to emit the desired color. As commonly known white light is composed
of various colors of the whole range of visible electromagnetic spectrum. In the case
of LEDs, only the appropriate mixture of complementary monochromatic colors can
cast white light. This is achieved by having at least two complementary light sources
in the proper power ratio. A "fiiller" light (similar to sunlight) can be achieved by
adding more colors. Phosphors are usually made of zinc sulfide or yttrium oxides
doped with certain transition metals (Ag, Mn, Zn, efc.) or rare earth metals (Ce, Eu,
Tb, etc.) to obtain the desired colors.
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In a similar mechanism, white LEDs can also be manufactured using

fluorescent semiconductor material instead of a phosphor.  The fluorescent
semiconductor material serves as a secondary emitting layer, which absorbs the light
created by the light emitting semiconductor and reemits yellow light. The fluorescent
semiconductor material, typically an aluminum gallium indium phosphide (AlGalnP),
is bonded to the primary source wafer.

Another type of light emitting device is an organic light emitting diode
(OLED) which makes use of thin organic films. An OLED device typically includes
an anode layer, a cathode layer, and an organic light emitting layer containing an
organic compound that provides luminescence when an electric field is applied.
OLED devices are generally (but not always) intended to emit light through at least
one of the electrodes, and may include one or more transparent electrodes.

Combination of LEDs, OLEDs and luminescence is widely used in the field of
electronic display devices.

Many efforts have been made to research and develop various electronic
display devices. Electronic display devices may be categorized into active display
devices and passive display devices. The active display devices include the cathode
ray tube (CRT), the plasma display panel (PDP) and the electroluminescent display
(ELD). The passive display devices include liquid crystal display (LCD), the
electrochemical display (ECD) and the electrophoretic image display (EPID).

In active display devices, each pixel radiates light independently. Passive
display devices, on the other hand, do not produce light within the pixel and the pixel
is only able to block light. In LCD devices, for example, an electric field is applied to
liquid crystal molecules, and an alignment of the liquid crystal molecule is changed
depending on the electric field, to thereby change optical properties of the liquid
crystal, such as double refraction, optical rotatory power, dichroism, light scattering,
efc. Since LCD are passive, they display images by reflecting external light
transmitted through an LCD panel or by using the light emitted from a light source,
e.g., a backlight assembly, disposed below the LCD panel.

An LCD includes a LCD panel and backlight assembly. The LCD panel
includes an arrangement of pixels, which are typically formed of thin film transistors
fabricated on a transparent substrate coated by a liquid crystal film. The pixels include
three color filters, which transmit one third of the light produced by each pixel. Thus,
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each LCD pixels is composed of three sub-pixels. The thin film transistors are

addressed by gate lines to perform display operation by way of the signals applied
thereto through display signal lines. The signals charge the liquid crystal film in the
vicinity of the respective thin film transistors to effect a local change in optical
properties of the liquid crystal film.

Typical backlight assembly of LCD includes an array of white LEDs for
emitting white light, a light guiding plate for guiding the light toward the LCD panel,
a reflector, disposed under the light guiding plate to reflect the lights leaked from the
light guiding plate toward the light guiding plate, and optical sheets for enhancing
brightness of the light exited from the light guiding plate. Backlight assembly are
designed to achieve many goals, including high brightness, large area coverage,
uniform luminance throughout the illuminated area, controlled viewing angle, small
thickness, low weight, low power consumption and low cost.

In operation, the backlight assembly produces white illumination directed
toward the LCD pixels. The optical properties of the liquid crystal film are locally
modulated by the thin film transistors to create a light intensity modulation across the
area of the display. The color filters colorize the intensity-modulated light emitted by
the pixels to produce a color output. By selective opacity modulation of neighboring
pixels of the three color components, selected intensities of the three component colors
are blended together to selectively control color light output. Selective the blending of
three primary colors such as red, green, and blue (RGB) can generally produce a full
range of colors suitable for color display purposes.

LCD devices are currently employed in many applications (cellular phones,
personal acceptance devices, desktop monitors, portable computers, television
displays, efc.), and there is a growing attention to devise backlight high-quality
assemblies for improving the image quality inn these applications.

Since the back light must pass through the color filters it therefore must

~ include the wavelength at which the respective filter is transparent. However, the use

of white LED composed of a blue LED coated by a yellow phosphor, is not efficient
for backlighting because, although such dichromatic light appears as white light for
the human eye, it cannot efficiently pass through the RGB color filters. Another
approach is to use red green and blue LEDs which match the central wavelength of

each color filter. This approach significantly complicates the manufacturing process
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because the red, green and blue LEDs have to be accurately aligned in-a multichip

approach. An additional approach is to generate white light using a UV LED and
three different phosphors each emitting light at a different wavelength (red, green and
blue). The efficiency of this configuration, however, is very low because high amount
of heat is released due to the Stokes shift. Other configurations include, two LEDs
and a phosphor (e.g., a blue LED a red LED and a green phosphor), three LEDs and a
phosphor (e.g, a blue LED, a red LED, a cyan LED and a green phosphor), two LEDs
and two phosphors (e.g., a blue LED, a red LED, a cyan phosphor and a green
phosphor), and the like. - Although these configurations show improvement in the
performances, the results are far from being optimal.

Presently known LED based backlight devices are limited by the size, price
and performance of the LEDs. To date, the performance of the LED ate controlled by
its transparent encapsulation which provides the necessary light scatter, the phosphor
or fluorescent semiconductor material which is responsible for color conversion, and
the lead frame which allows for heat evacuation, all of which significantly increase
the size and cost of the LED. Since the performance, cost and size of the LED are
conflicting features, some compromises are inevitable.

There is thus a widely recognized need for, and it would be highly
advantageous to have a diode-based illumination apparatus, devoid of the above

limitations.

SUMMARY OF THE INVENTION

The background art does not teach or suggest illumination apparatus capable of

generating light while, at the same time, propagating, diffusing and emitting the light
through its surface area or a portion thereof. The background art also does not teach or
suggest such illumination apparatus having superior optical and/or géometrical
properties, including, without limitation, a thickness of a few centimeters or less, and
high light quality in terms of brightness, intensity and/or color profiles. The
background art also does not teach such illumination apparatus that is useful for a
vatiety of different applications, e.g., passive displays, which can benefit from its
superior properties.

The present embodiments overcome these deficiencies of the background art

by providing an illumination apparatus, which generates and diffuses light. The
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illumination apparatus comprises one or more light emitting sources embedded in a

waveguide material. The waveguide material is capable of propagating light generated
by the light emitting source(s), such that at least a portion of the light is diffused
within the waveguide material and exits through at least a portion of its surface. In
various exemplary embodiments of the invention the light emitting source(s) comprise
bare dies.

The apparatus of the present embodiments can be incorporated in a passive
display device or it can serve for providing signage or for providing illumination at
various decorative patterns of significant aesthetic interest. In various exemplary
embodiments-of the invention the apparatus serves as a component in a liquid crystal
display device.

According to another aspect of the present invention there is provided a
method of providing illumination, comprising applying forward bias on one or more
light emitting sources embedded in a waveguide material to effect emission of light
from the light emitting source(s). The waveguide material is capable of propagating
the light such that at least a portion of the light is diffused within the waveguide
material and exits through at least a portion of its surface, thereby providing the
illumination. '

According to yet another aspect of the present invention there is provided a
liquid crystal display device, comprising a liquid crystal panel and a backlight unit,
which preferably comprises the illumination apparatus described herein.

The present embodiments further comprise a portable computer system
comprising the liquid crystal display device, a computer monitor comprising the liquid
crystal display device, a personal digital assistant system comprising the liquid crystal
display device, a cellular communication system comprising the liquid crystal display
device, and a television system comprising the liquid crystal display device.

The present embodiments further comprise a signage panel for producing a
signage under electronic control. The signage panel comprises a power source
connected to the illumination apparatus described herein.

According to further features in preferred embodiments of the invention

described below, the waveguide material is flexible.
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According to still further features in the described preferred embodiments the

light emitting source(s) comprises at least one bare die and electrical contacts
connected thereto.

According to still further features in the described preferred embodiments the
light emitting source(s) is encapsulated by a transparent thermal isolating
encapsulation.

According to still further features in the described preferred embodiments the
light emitting source(s) is embedded near the second surface of the waveguide
material.

According to still further features in the described preferred embodiments the
light emitting source(s) is embedded near the second surface in a manner such that
electrical contacts of the light emitting source(s) remain outside the waveguide
material at the second surface.

According to still further features in the described preferred embodiments the
illumination apparatus further comprises a printed circuit board electrically connected
to the electrical contacts.

According to still further features in the described preferred embodiments the
printed circuit board is capable of evacuating heat away from the light emitting
source(s).

According to still further features in the described preferred embodiments the
light emitting source(s) is embedded in the bulk of the waveguide material.

According to still further features in the described preferred embodiments the
illumination apparatus further comprises an arrangement of electrical lines extending
from the light emitting source(s) to at least one end of the waveguide material.

According to still further features in the described preferred embodiments the
light emitting source(s) comprises at least one source configured to emit light at a first
color, and at least one source configured to emit light at a second color.

According to still further features in the described preferred embodiments the

 liquid crystal panel comprises an arrangement of color filters operating at a plurality of

distinct colors, and the light emitting source(s) comprises, for each color of the

plurality of distinct colors, at least one source configured to emit light at the color.
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According to still further features in the described preferred embodiments the

illumination apparatus further comprises a reflecting surface embedded in or attached
to the waveguide material in a manner such that emission of light through the second
surface is prevented and emission of light through the first surface is enhanced.

According to still further features in the described preferred embodiments the
illumination apparatus further comprises at least one photoluminescent layer coating at
least the portion of the first surface.

According to still further features in the described preferred embodiments the
at least one photoluminescent layer and the light emitting source(s) are selected such
the illumination apparatus provides substantially white light.

According to still further features in the described preferred embediments the
liquid crystal panel comprises an arrangement of color filters operating at a plurality-of
distinct colors, wherein the at least one photoluminescent layer and the light emitting
source(s) are selected such the illumination apparatus provides light at least at the a
plurality of distinct colors.

According to still further features in the described preferred embodiments the
at least one photoluminescent layer comprises a plurality of photoluminescent layers,
each being characterized by a different absorption' spectrum, and the light emitting
source(s) comprises, for each absorption spectrum, at least one light emitting source
characterized by an emission spectrum overlapping the absorption spectrum.

According to still further features in the described preferred embodiments the
illumination apparatus further comprises a structured film deposited on or embedded
in the waveguide material.

According to still further features in the described preferred embodiments the
illumination apparatus further comprises at least one optical element embedded in the
waveguide material for enbancing diffusion of light within the waveguide material.

According to still further features in the described preferred embodiments the
at least one optical element is embedded in the waveguide material near the first
surface and configured to reflect light striking the at least one optical element at a
predetermined range of angles, and transmit light striking the at least one optical
element at other 'angles.

According to still further features in the described preferred embodiments the

at least one optical element comprises at least one microlens.
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According to still further features in the described preferred embodiments the

waveguide material comprises a polymeric material.

According to still further features in the described preferred embodiments the
waveguide material comprises a rubbery material.

According to still further features in the described preferred embodiments the
waveguide material is formed by dip-molding in a dipping medium.

According to still further features in the described preferred embodiments the
dipping medium comprises a hydrocarbon solvent in which a rubbery material is
dissolved or dispersed.

According to still further features-in-the described preferred embodiments the
dipping medium comprises additives selected from the group consisting of cure
accelerators, sensitizers, activators, emulsifying agents, cross-linking agents,
plasticizers, antioxidants and reinforcing agents

According to still further features in the described preferred embodiments the
waveguide material comprises a dielectric material, and wherein a reflection
coefficient of the dielectric material is selected so as to allow propagation of polarized
light through the waveguide material and emission of the polarized light through the
first surface.

According to still further features in the described preferred embodiments the
waveguide material comprises a metallic material, and wherein a reflection coefficient
of the metallic material is selected so as to allow propagation of polarized light
through the waveguide material and emission of the polarized light through the first
surface.

According to still further features in the described preferred embodiments the
waveguide material is a multilayered material.

According to still further features in the described preferred embodiments the

_ waveguide material comprises a first layer having a first refractive index, and a second

layer being in contact with the first layer and having a second refractive index being
larger that the first refractive index.
_ According to still further features in the described preferred embodiments the
second layer comprises polyisoprene.
According to still further features in the described preferred embodiments the

first layer comprises silicone.
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According to still further features in the described preferred embodiments the

waveguide material further comprises a third layer being in contact with the second
layer and having a third refractive index being smaller than the second refractive
index.

According to still further features in the described preferred embodiments the
third refractive index equals the first refractive index.

According to still further features in the described preferred embodiments at
least one layer of waveguide material comprises at least one additional component
designed and configured such as to allow the emission of the light through the at least
a portion of the surface.

According to still further features. in the described preferred embodiments the
at least one additional component is capable of producing different optical responses
to different spectra of the light.

According to still further features in the described preferred embodiments the
different optical responses comprise different emission angles.

According to still further features in the described preferred embodiments the
different optical responses comprise different emission spectra.

According to still further features in the described preferred embodiments the
at least one additional component comprises at least one impurity capable of emitting
at least the portion of the light through the first surface.

According to still further features in the described preferred embodiments the
at least one impurity comprises a plurality of particles capable of scattering the light.

According to still further features in the described preferred embodiments a
size of the plurality of particles is selected so as to selectively scatter a predeterminéd
spectrum of the light.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing an illumination apparatus and various uses thereof.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable

methods and materials are described below. In case of conflict, the patent
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specification, including definitions, will control. In addition, the materials, methods,

and examples are illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.

In the drawings:

FIGs. 1a-b are schematic illustrations of a perspective view (Figure 1a) and a
section view (Figure 1b) of an illumination apparatus, according to various exemplary
embodiments of the present invention;

FIG. Ic is a schematic illustration of a perspective view of the apparatus in a
preferred embodiment in which the apparatus comprises a non-planar waveguide
material;

FIGs. 2a-b are schematic fragmentary views of the apparatus in a preferred
embodiment in which a source or sources embedded in the bulk of the waveguide
material (Figure 1a), and in another preferred embodiment in which the source or
sources are embedded near the surface of the waveguide material (Figure 1b);

FIG. 3 is a schematic illustration of a section view of the apparatus, in a
preferred embodiment in which the apparatus comprises a structured film;

~ FIG. 4 is a schematic illustration of a fragmentary view of the apparatus in a
preferred embodiment in which the apparatus comprises one or more embedded
optical elements for enhancing the diffusion of light;

FIG. 5 is a block diagram schematically illustrating a liquid crystal display

device, according to various exemplary embodiments of the present invention,;

Hisense Exhibit 1002, Page 82 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



WO 2006/121924

Page 14 of 52

10

15

20

25

30

WO 2006/131924 PCT/IL2006/000667

13
FIG. 6a is a schematic illustration of the waveguide material in a preferred

embodiment in which two layers are employed;

FIGs. 6b-c are schematic illustrations of the waveguide material in preferred
embodiments in which three layers are employed;

FIG. 7a is a schematic illustration of the waveguide material in a preferred
embodiment in which at least one impurity is used for scattering light;

FIG. 7b is a schematic illustration of the waveguide material in a preferred
embodiment in which the impurity comprises a plurality of particles having a
gradually increasing concentration;

FIG. 7c is a schematic illustration of the waveguide material in—a-preferred
embodiment in which one layer thereof is formed with one or more diffractive optical

elements for at least partially diffracting the light; and

FIG. 7d is a schematic illustration of the waveguide material in a preferred -

embodiment in which one or more regions have different indices of refraction so as to

prevent the light from being reflected.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present embodiments comprise an apparatus, device and system which can
be used for providing illumination or displaying images. Specifically, the
embodiments can be used to provide light at any intensity profile and any color
profile. The present embodiments are useful in many areas in which illumination is
required, including, without limitation, display, signage and decoration applications.

The principles and operation of an apparatus, device and system according to
the present invention may be better understood with reference to the drawings and
accompanying descriptions.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other

embodiments or of being practiced or carried out in various ways. Also, it is to be

understood that the phraseology and terminology employed herein is for the purpose-

of description and should not be regarded as limiting.
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When a ray of light moves within a transparent substrate and strikes one of its

internal surfaces at a certain angle, the ray of light can be either reflected from the
surface or refracted out of the surface into the open air in contact with the substrate.
The condition according to which the light is reflected or refracted is determined by
Snell's law, which is a mathematical relation between the impinging angle, the
refracting angle (in case in case of refraction) and the refractive indices of both the
substrate and the air. Broadly speaking, depending on the wavelength of the light, for
a sufficiently large impinging angle (also known as the critical angle) no refraction can
occur and the energy of the light is trapped within the substrate. In other words, the
light is reflected from the internal surface as if from a mirror. Under these conditions,
total internal reflection is said to take place.

Many optical systems operate according to the total internal reflection
phenomenon. One such optical system is the optical fiber. Optical fibers are

transparent flexible rods of glass or plastic, basically composed of a core and cladding.

" The core is the inner part of the fiber, through which light is guided, while the

cladding surrounds it completely. The refractive index of the core is higher than that
of the cladding, so that light in the core impinging the boundary with the cladding at a
critical angle is confined in the core by total internal reflection.

As stated, total internal reflection occurs only for light rays impinging the
internal surface of the optical fiber with an angle which is larger than the critical angle.
Thus, a calculation performed according to geometrical optics may provide the largest
angle which is allowed for total internal reflection to take place. An important
parameter of every optical fiber (or any other light transmitting optical system) is
known as the "numerical aperture," which is defined as the sine of the largest incident
light ray angle that is successfully transmitted through the optical fiber, multiplied by
the index of refraction of the medium from which the light ray enters the optical fiber.

Another optical system designed for guiding light is the graded-index optical

fiber, in which the light ray is guided by refraction rather than by total internal

reflection. In this optical fiber, the refractive index decreases gradually from the
center outwards along the radial direction, and finally drops to the same value as the
cladding at the edge of the core. As the refractive index does not change abruptly at

the boundary between the core and the cladding, there is no total internal reflection.

However, although no total internal reflection takes place, the refraction bends the
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guided light rays back into the center of the core while the light passes through layers

with lower refractive indexes.

Optical fibers are available in various lengths and core-diameters. For large
core diameters, glass optical fibers are known to be more brittle and fragile than plastic
optical fiber.

Another type of optical system is based on photonic materials, where the light
ray is confined within a band gap material surrounding the light ray. In this type of
optical system, also known as a photonic material waveguide, the light is confined in
the vicinity of low-index region. One example of a photonic material waveguide is a
silica fiber having an array of small air holes throughout its length. This configuration
is capable of providing lossless light transmitting, e.g., in either cylindrical of planar
type waveguides.

The above description holds both for polarized and unpolarized light. When
polarized light is used, an additional electromagnetic phenomenon influences the
reflection of the light, as further explained hereinbelow.

Polarized light is produced when the direction of the electromagnetic fields in
the plane perpendicular to the direction of propagation are constrained in some
fashion. For the purpose of providing a simple explanation, only the electric field is
discussed herein. A complementary explanation, regarding the magnetic field, can be
easily obtained by one ordinarily skilled in the art by considering the magnetic field as
being perpendicular to both the direction of propagation and the electric field.

The light is said to be elliptically polarized when two perpendicular
components of the electric field have a constant phase difference, and the tip of the
electric field vector traces out an ellipse in the plane perpendicular to the direction of
propagation. Linearly polarized light is a special case of elliptically polarized light,
where the two components oscillate in phase and the electric vector traces out a
straight line.

Circularly polarized light is also a special case of elliptically polarized light in
which the two components have a 90° phase difference and the electric field vector
traces out a circle in the plane perpendicular to the direction of propagation. When
viewed looking towards the source, a right circularly polarized beam at a fixed

position as a function of time has a field vector that describes a clockwise circle, while
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left circularly polarized light has a field vector that describes a counter-clockwise

circle.

When a polarized light strike a surface between two different materials, it is
useful to define the polarization of the light relative to the surface, typically horizontal
and vertical polarizations, with respect to the surface. When the light strikes a
material baving associated values of permeability, permittivity and conductivity, a

- portion of the energy carried by the light is lost due non-ideal conductivity of the
material. The relative portion of the energy which is lost is defined as the reflection
coefficient of the material. The reflective coefficient varies according to the angle of
incidence, the polarization of the incoming wave, its frequency and the characteristics
of the surface. TFor horizontal polarizations the coefficient may be generalized to a
constant value, whereas for vertical polarizations however, the coefficient varies
between 0 and 1.

When the reflective coefficient value goes to zero, the light is not reflected
from the surface. This phenomenon is known as the Brewster effect, and the angle at
which there is not reflection (for a particular polarization) is called the Brewster angle.
This angle often referred to as the polarizing angle, since an unpolarized wave incident
on an interface at this angle is reflected as a polarized wave with its electric vector
being perpendicular to the plane of incidence.

The present embodiments successfully provide illumination apparatus which
provides surface illumination at any brightness, intensity and color profile. As further
detailed hereinunder, there is an additional physical phenomenon which may be
exploited by the illumination apparatus of the present embodiments.  This
phenomenon is known as light scattering.

Unlike the above mention reflection, where radiation is deflected from the
surface in one direction, some particles and molecules, also known as scatfercrs, have
the ability to scatter radiation in more than one direction. Many types of scatterers are
known. Broadly speaking, scatterers may be categorized into two groups: (1) selective
scatterers, which are more effective at scattering a particular wavelength (i.e., color),
or a narrow range of wavelengths, of the light; and (ii) non-selective scatterers are

capable of scattering light in a wide range of wavelengths.
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Referring now to the drawings, Figures la-b illustrate a perspective view

(Figure 1a) and a section view along line A-A (Figure 1b) of an illumination apparatus
10, according to various exemplary embodiments of the present invention.

Apparatus 10 comprises one or more light emitting sources 12 embedded in a
waveguide material 14 having a first surface 16 and a second surface 18. Waveguide
material 14 is capable of propagating light generated by light source 12, such that at
least a portion of the light is diffused within waveguide material 14 and exits through
at least a portion of first surface 16.

The terms "light source" or "light emitting source", are used herein
interchangeably and refer to any self light emitting element, including, without
limitation, an inorganic light emitting diode, an organic light emitting diode or any
other electroluminescent element. The term "light source” as used herein refers to one
or more light sources. '

As used herein, the term "organic" includes polymeric materials as well as
small molecule organic materials that may be used to fabricate organic opto-electronic
devices. "Small molecule” refers to any organic material that is not a polymer, and
"small molecules" may actually be quite large. Small molecules may include repeat
units in some circumstances. For example, using a long chain alkyl group as a
substituent does not remove a molecule from the "small molecule" class. Small
molecules may also be incorporated into polymers, for example as a pendent group on
a polymer backbone or as a part of the backbone. Small molecules may also serve as
the core moiety of a dendrimer, which consists of a series of chemical shells built on
the core moiety. The core moiety of a dendrimer may be a fluorescent or
phosphorescent small- molecule emitter. A dendrimer may be a "small molecule," and
it is believed that all dendrimers currently used in the field of OLEDs are small
molecules.

Organic light emitting diodes suitable for the present embodiments can be
bottom emitting OLEDs, top emitting OLEDs and side emitting OLEDs, having one
or two transparent electrodes.

As used herein, "top" refers to furthest away from surface 18, while "bottom"
refers to closest to surface 18.

The waveguide material according to embodiments of the present invention

may be similar to, and/or be based on, the teachings of U.S. Patent Application Nos.
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11/157,190, 60/580,705 and 60/687,865, all assigned to the common assignee of the

present invention and fully incorporated herein by reference. Alternatively, the
waveguide material according to some embodiments of the present invention may also
have other configurations and/or other methods of operation as further detailed
hereinunder.

Waveguide material 14 can be translucent or clear as desired. In any event,
since waveguide material 14 propagates and emits the light emitted by light source 12,
it is transparent at least to the characteristic emission spectrum of light source 12. The
characteristic emission spectrum of the light source is also referred to herein as "the
color" of the light source. Thus, for example, a light emitting source characterized by
a spectrum having an apex at a wavelength of from about 420 to about 500 nm, is
referred to as a "blue light source”, a light emitting source characterized by a spectrum
having an apex at a wavelength of from about 520 to about 580 nm, is referred to as a
"oreen light source", a light emitting source characterized by a spectrum having an
apex at a wavelength of about 620-680 nm, is referred to as a "red light source", and so
on for other colors. This terminology is well-known to those skilled in the art of
optics.

As used herein the term “about” refers to + 10 %.

Waveguide material 14 is optionally and preferably flexible, and may also have
a certain degree of elasticity. Thus, material 14 can be, for example, an elastomer. It
is to be understood that although waveguide material appears to be flat in Figures la-
b, this need not necessarily be the case since for some applications it may not be
necessary for the illumination apparatus to be flat. Figure 1c schematically illustrates
a perspective view of apparatus 10 in a preferred embodiment in which waveguide
material 14 is non-planar. Further, although apparatus 10 is shown as opaque from
one direction, this is only for the clarity of presentation and need not necessarily be the
case; the surfaces of apparatus 10 are not necessarily opaque.

According to a preferred embodiment of the present invention apparatus 10

" comprises a reflecting surface 32 which prevents emission of light through surface 18

and therefore enhances emission of light through surface 16. Surface 32 can be made
of any light reflecting material, and can be either embedded in or attached to

waveguide material 14. Apparatus 10 can further comprise a printed circuit board (not
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shown, see reference numeral 26 in Figure 2b) which supplies the forward bias to the

embedded light source.

There are several advantages for embedding the light source within the
waveguide material. One advantage is that all the light emitted from the light source
eventually arrives at the waveguide material. When the light source is externally
coupled to the waveguide material, some of the light scatters at wide angle and does
not impinge the waveguide material. Thus, the embedding of light source 12 in
waveguide material 14 allows to efficiently collect the emitted light.

Another advantage is the optical coupling between the light source and the
waveguide material in particular when the light source is a light emitting diode. When
the diode is externally coupled to the waveguide material, the light emitted from the p-
n junction should be transmitted out of the diode into the air, and subsequently from
the air into the waveguide material. The mismatch of impedances in each such
transition significantly reduces the coupling efficiency due to unavoidable reflections
when the light passes from one medium to the other. On the other hand, when the
diode is embedded in waveguide material, there is a direct transition of light from the
diode to the waveguide material with higher overall transmission coefficient. To
further improve the coupling efficiency, the waveguide material is preferably selected
with a refraction index which is close to the refraction index of the diode. Typical
difference in refraction indices is from about 1.5 to about 1.6.

Light source 12 can be a LED, which includes the bare die and all the
additional components packed in the LED package, or, more preferably, light source
12 can include the bare die, excluding one or more of the other components (e.g.,
reflecting cup, silicon, LED package and the like).

As used herein "bare die" refers to a p-n junction of a semiconductor material.
Whén a forward biased is applied to the p-n junction through electrical contacts
connected to the p side and the n side of the p-n junction, the p-n junction emits light
at a characteristic spectrum.

Thus, in various exemplary embodiments of the invention light source 12
includes only the semiconductor p-n junction and the electrical contacts. Also
contemplated are configurations in which several light sources are LEDs, and several

light sources other are bare dies with electrical contacts connected thereto.
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The advantage of using a bare die rather than a LED is that some of the

components in the LED package including the LED package absorb part of the light
emitted from the p-n junction and therefore reduce the light yield.

Another advantage is that the use of bare die reduces the amount of heat
generated during light emission. This is because heat is generated due to absorption of
light by the LED package and reflecting cup. The consequent increase in temperature
of the p-n junction causes thermal imbalance which is known to reduce the light yield.
Since the bare die does not include the LED package and reflecting cup, the
embedding of a bare die in the waveguide material reduces the overall amount of heat
and increases the light yield. The elimination of the LED package permits the use of
many small bare dies instead of each large packaged LED. Such configuration allows
operating each bare die in low power while still producing sufficient overall amount of
light, thereby to improving the p-n junction efficacy.

An additional advantage is light diffusion within the waveguide material. The
minimization of redundant components in the vicinity of the p-n junction results in
almost isotropic emission of light from the p-n junction which improves the diffusion
of light. To further improve the coupling efficiency, the waveguide material is
preferably selected with a refraction index which is close to the refraction index of the
p-n junction.

Light source 12 can be embedded in the bulk of waveguide material 14°or near
surface 18. Figure 2a is a fragmentary view schematically illustrating the embodiment
in which light source 12 is embedded in the bulk of material 14 and Figure 2b is

fragmentary view schematically illustrating the embodiment in which light source 12

- is embedded near surface 18. It is to be understood that Figures 2a-b illustrate a single

light source 12 for clarity of presentation and it is not intended to limit the scope of the
present invention to such configuration. As stated, apparatus 10 can comprise one or
more light emitting sources.

Referring to Figure 2a, when light source 12 is embedded in the bulk of the
waveguide material, the electrical contacts 20 remain with material 14. In this
embodiment, the forward bias can be supplied to light source 12 by electrical lines 22,
such as flexible conductive wires, which are also embedded in material 14. Thus,
lines 22 extend from contacts 20 to one or more ends 28 of waveguide material 14.

Light source 12 including the electrical lines 22 can be embedded in material 14

Hisense Exhibit 1002, Page 90 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



W0 20087131924

10

15

20

25

30

WO 2006/131924 PCT/IL2006/000667

21
during the manufacturing process of the waveguide material. When a plurality of light

sources are embedded in the waveguide material, they can be connected to an
arrangement of electrical lines as known in the art and the entire of light sources and
arrangement of electrical lines can be embedded in the material during the
manufacturing process of the waveguide material.

In various exemplary embodiments of the invention light source 12 is operated
with low power and therefore does not produce large amount of heat. This is due to
the relatively large light yield of the embedded light source and the high optical
coupling efficiency between the light source and the waveguide material. In
particular, when light source 12 is a bare die, its light yield is significantly high while
the produced heat is relatively low. Light source 12 can also be operated using pulsed
electrical current which further reduces the amount of produced heat.

Preferably, but not obligatorily, light source 12 is encapsulated by a transparent
thermal isolating encapsulation 24. Encapsulation 24 serves for thermally isolating the
light source from material 14. This embodiment is particularly useful when light
source 12 is a bare die, in which case the bare die radiate heat which may change the
optical properties of material 14. Alternatively or additionally, waveguide material 14
can be made with high specific heat cap;acity to allow material 14 to receive heat from
light source 12 with minimal or no undesired heating effects.

Referring to Figure 2b, when light source 12 is embedded near surface 18 of
material 14, electrical contacts 20 can remain outside material 14 at surface 18 and can
therefore be accessed without embedding electrical lines in material 14. The electrical
contacts can be applied with forward bias using external electrical lines or directly
from a printed circuit board 26. In this embodiment, board 26 can be made, at least in
part, of heat conducting material so as to facilitate evacuation of heat away from light
source 12. When the heat evacuation by board 26 is sufficient, light source 12 can be
embedded without thermal isolating encapsulation 24.'

As stated, waveguide material 14 is capable of propagating and diffusing the
light until it exits though surface 16 or a portion thereof. It will be appreciated that
this ability of the waveguide material, combined with the high light yield and efficient
optical coupling between the embedded light sources and thé waveguide material,

provide apparatus 10 with properties suitable for many applications.
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As is further detailed hereinunder, there are many alternatives to construct the

waveguide material, which provide flexibility in its design. In particular the
waveguide material can be tailored according to the desired optical properties of the
waveguide, Thus, the distribution of light sources within the waveguide material
5 and/or the optical properties of the waveguide material can be selected to provide the
most suitable illumination for the specific application for which apparatus 10 is used.
More specifically apparatus 10 can provide illumination at a predetermined light
profile, which is manifested by a predetermined intensity profile, predetermined
brightness profile and predetermined color profile. Such illumination apparatus can

10  therefore provide high light quality in terms of brightness, intensity and/or color
profiles. )

For example, light sources emitting different colors of light (i.e., light sources
having different characteristic emission spectra, which may or may not have spectral
overlaps therebetween), say two, three or more different colors, can be distributed in

15 the waveguide such that surface 16 emits light at a predetermined light profile.
Additionally, the optical properties of the waveguide material can be made local and
wavelength-dependent according to the predetermined light profile. More specifically,
according to the presently preferred embodiment of the invention, different regions in
the waveguide material have a different response to different light spectra.

20 In various exemplary embodiments of the invention apparatus 10 comprises
one or more photoluminescent layers 30 coating surface 16 or a portion thereof.
Photoluminescent layer 30 comprises a photoluminescent material which can be a
phosphor or a fluorophore.

The term "photoluminescent layer" is commonly used herein to describe one

25  photoluminescent layer or a plurality of photoluminescent layers. Additionally, a
photoluminescent layer can comprise one or more types of photoluminescent
molecules. In any event, a photoluminescent layer is characterized by an absorption
spectrum (ie., a rangé of wavelengths of light which can be absorbed by the
photoluminescent molecules to effect quantum transition to a higher energy level) and

30  an emission spectrum (i.e., a range of wavelengths of light which are emitted by the
photoluminescent molecules as a result of quantum transition to a lower energy level).
The emission spectrum of the photoluminescent layer is typically wider and shifted

relative to its absorption spectrum. The difference in wavelength between the apex of
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the absorption and emission spectra of the photoluminescent layer is referred to as the

Stokes shift of the photoluminescent layer.

The absorption spectrum of photoluminescent layer 30 preferably overlaps the
emission spectrum of at least one of light sources 12. More preferably, for each
characteristic emission spectrum of an embedded light source, there is at least one
photoluminescent layer having an absorption spectrum overlapping the emission
spectrum the light source. According to a preferred embodiment of the present
invention the apex of the light source's emission spectrum lies in the spectrum of the
photoluminescent layer, and/or the apex of the photoluminescent layer's absorption
spectrum lies in the spectrum of the light source.

Photoluminescent layer 30 serves for "converting" the wavelength of a portion
of the light emitted by light sources 12. More specifically, for each photon which is
successfully absorbed by layer 30, a new photon is emitted. Depending on the type of
photoluminescent, the emitted photon can have a wavelength which is longer or
shorter than the wavelength of the absorbed photon. Photons which do not interact
with layer 30 propagate therethrough. The combination of converted light and non-
converted light forms the light profile of apparatus 10.

Phosphors are widely used for coating individual LEDs, typically in the white
LEDs industry. However, photoluminescent layers covering an illuminating surface of
a waveguide material such as the waveguide material of the present embodiments have
not been employed. The advantage of using layer 30 over waveguide material 14, as
opposed to on each individual light emitting source 12, is that waveguide material 14
first diffuses the light and thereafter emits it through surface 16. Thus, instead of
collecting light from a point light source (e.g., a LED), layer 30 collects light from a
surface light source having a predetermined area (surface 16 or a portion thereof).
This configuration allows a better control on the light profile provided by apparatus
10.

Many types of phosphorescent and fluorescent substance are contemplated.
Representative examples include, without limitation the phosphors disclosed in U.S.
Patents Nos. 5,813,752, 5,813,753, 5,847,507, 5,959,316, 6,155,699, 6,351,069,
6,501,100, 6,501,102, 6,522,065, 6,614,179, 6,621,211, 6,635,363, 6,635,987,
6,680,004, 6,765,237, 6,853,131, 6,890,234, 6,917,057, 6,939,481, 6,982,522,
7,015,510, 7,026,756 and 7,045,826 and 7,005,086.
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The various possible light profile options make the apparatus of the present

embodiments suitable for providing illumination in many applications. Representative
examples of uses of apparatus 10, including, without limitation, architectural
highlighting, decorative lighting, medical lighting, signage for displaying commercial

5 or decorative expressions, visual guidance (e.g., landing strips, aisles), display, exhibit
lighting, roadway lighting, automotive lighting and the like. The flexibility of the
waveguide material makes apparatus 10 attachable to many surfaces, including,
without limitation, walls of a building (either external or internal), windows, boxes
(e.g., jewelry boxes), toys and the like.

10 Although apparatus 10 can be designed to provide any light profile, for many
applications it is desired to construct apparatus 10 to provide substantially uniform
illumination. The apparatus of the present embodiments can provide illumination
characterized by a uniformity of at least 70 %, more preferably at least 80 %, even
more preferably at least 90 %. This is particularly useful when apparatus 10 s

15  incorporated in a backlight unit of a passive display device.

Whit light illumination can be provided in more than one way. In one
embodiment, the waveguide material is embedded with red light sources, green light
sources, blue light sources and optionally light sources of other colors (e.g., orange,
yellow, green-yellow, cyan, amber, blue-violet) which are distributed such that the

20  combination of red light, green light, blue light and optionally light in the other colors
appears as a substantially uniform white light across the area of surface 16 or a portion
thereof.

In another embodiment, layer 30 serves for complementing the light emitted by
light sources 12 to a white light, e.g., using dichromatic, trichromatic, tetrachromatic

25 or multichromatic approach.

For example, a blue-yellow dichromatic approach can be employed, in which
case blue light sources (e.g., bare dies of InGaN with a peak emission wavelength at
about 460 nm), can be distributed in waveguide material 14, and layer 30 can be made
of phosphor molecules with absorption spectrum in the blue range and emission

30. spectrum extending to the yellow range (e.g., cerium activated yttrium aluminum
garnet, or strontium silicate europium). Since the scattering angle of light sharply
depends on the frequency of the light (fourth power dependence for Rayleigh

scattering, or second power dependence for Mie scattering), the blue light generated
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by the blue light sources is efficiently diffused in the waveguide material and exits,

substantially uniformly, through surface 16 into layer 30. Layer 30 which has no
preferred directionality, emits light in its emission spectrum and complements the blue
light which is not absorbed to white light.
5 In another dichromatic configurations, ultraviolet light sources (e.g., bare dies
of GaN, AlGaN and/or InGaN with a peak emission wavelength between 360 nm and
420 nm), can be distributed in waveguide material 14. Light of such ultraviolet light
sources is efficiently diffused in the waveguide material and exits, substantially
uniformly, through surface 16. To provide substantially white light, two
10 photoluminescent layers are preferably deposited on surface 16. One layer can be
characterized by an absorption spectrum in the ultraviolet range and emission
spectrum in the orange range (with peak emission wavelength from about 570 nm to
about 620 nm), and anothef layer characterized by an absorption spectrum in the
ultraviolet range and emission spectrum in the blue-green range (with peak emission
15 wavelength from about 480 nm to about 500 nom). The orange light and blue-green
light emitted by the two photoluminescent layers blend to appear as white light to a
human observer. Since the light emitted by the ultraviolet light sources is above or
close to the end of visual range it is not seen by the human observer. The two
photoluminescent layers are preferably deposited one on top of the other such as to
20 improve the uniformity. Alternatively, a single layer having two types of
photoluminescent with the above emission spectra can be deposited.

In another embodiment a trichromatic approach is employed. For example,
blue light sources can be distributed in the waveguide material as described above,
with two photoluminescent layers deposited on surface 16. A first photoluminescent

25  layer can be made of phosphor molecules with absorption spectrum in the blue range
and emission spectrum extending to the yellow range as described above, and a second
photoluminescent layer absorption spectrum in the blue range and emission spectrum
extending to the red range (e.g., cerium activated yttrium aluminum garnet doped with
a trivalent ion of praseodymium, or europium activated strontium sulphide). The

30  unabsorbed blue light, the yellow light and the red light blend to appear as white light
to a human observer.

Also contemplated is a configuration is which light sources with different

emission spectra are distributed and several photoluminescent layers are deposited,
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such that the absorption spectrum of eachzghotoluminescent layer overlaps one of the
emission spectra of the light sources, and all the emitted colors (of the light sources
and the photoluminescent layers) blend to appear as white light. The advantage of
such multi-chromatic configuration is that it provides high quality white balance

s because it allows better control on the various spectral components of the light in a
local manner across the surface of the illumination apparatus.

The color composite of the white output light depends on the intensities and
spectral distributions of the emanating light emissions. These depend on the spectral
characteristics and spatial distribution of the light sources, and, in the embodiments in

10 which one or more photoluminescent layers are employed, on the spectral
characteristics of the photoluminescent layer(s) and the amount of unabsorbed light.
The amount of light that is unabsorbed by the photoluminescent layer(s) is in turn a
function of the thickness of the photoluminescent layer(s), the density of
photoluminescent material(s) and the like. By judiciously selecting the emission

15  spectra of light emitting source 12 and optionally the thickness, density, and spectral
characteristics (absorption and emission spectra) of layer 30, apparatus 10 can be made
to serve as an illumination surface (either planar or non planar, either stiff of flexible)
which provides substantially uniform white light.

In any of the above embodiments, the "whiteness" of the light can be tailored

20  according to the specific application for which apparatus 10 is used. For example,
when apparatus 10 is incorporated for backlight of an LCD device, the spectral
components of the light provided by apparatus 10 can be selected in accordance with
the spectral characteristics of the color filters of the liquid crystal panel. In other
words, since a typical liquid crystal panel comprises an arrangement of color filters

25  operating at a plurality of distinct colors, the white light provided by apparatus 10
includes at least at the distinct colors of the filters. This configuration significantly
improves the optical efficiency as well is the image quality provided by the LCD
device, because the optical losses due to mismatch between the spectral components of
the backlight unit and the color filters of the liquid crystal panel are reduced or

30 eliminated.

Thus, in the embodiment in which the white light is achieved by light sources
emitting different colors of light (e.g., red light, green light and blue light), the

emission spectra of the light sources are preferably selected to substantially overlap
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the characteristic spectra of the color filters of the LCD panel. In the embodiment in

which apparatus 10 is supplemented by one or more photoluminescent layers the
emission spectra of the photoluminescent layers and optionally the emission spectrum
or spectra of the light sources are preferably selected to overlap the characteristic
spectra of the color filters of the LCD panel. Typically the overlap between a
characteristic emission spectrum and a characteristic filter spectrum is about 70 %
spectral overlap, more preferably about 80 % spectral overlap, even more preferably
about 90 %.
Reference is now made to Figure 3 which is a section view along line A-A of
Figure la, according to a preferred embodiment in which apparatus 10 comprises a
structured film 34. Structured film 34 can be, for example, a brightness enhancement
film and it can be deposited on or embedded in waveguide material 14. Film 34
collimates the light emitted from light sources 12 thereby increasing the brightness of*
the illumination provided by apparatus 10. This embodiment is particularly useful
when apparatus 10 is used for backlight of an LCD device. The increased brightness
enables a sharper image to be produced by the liquid crystal panel and allows
operating the light sources at low power to produce a selected brightness. The
structured film can operate according to principles and operation of prisms. Thus,
light rays arriving the structured film at small angles relative to the normal to the
structured film are reflected, while other light rays are refracted. The reflected light
rays continue to propagate and diffuse in the waveguide material until they arrive at
the structured film at a sufficiently large angle. In the embodiment in which apparatus
10 comprises the reflecting surface 32 it prevents the light which ié reflected from film
34 to exit through surface 18. Structured films are known in the art and are found in
the literature, see, e.g., International Patent Application Publication No. WO
96/023649.
~ Reference is now made to Figure 4 which is a fragmentary view schematically
illustrating an embodiment in which apparatus 10 comprises one or more optical
elements 36 embedded waveguide material 14 for enhancing the diffusion of light.
One skilled in the art will recognize that several components of apparatus 10 have
been omitted from F igure 4 for clarity of presentation. Element 36 can be embedded

in material 14 near surface 16 or at any other location. The embedding of element

near surface 16 is more and
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In various exemplary embodiments of the invention element 36 operates as an

angle-selective light transmissive element. Specifically, element 36 is preferably
configured to reflect light striking element 36 at a predetermined range of angles (say,
+10° from the normal to surface 16), and transmit light striking element 36 at other
5  angles. Element 36 can be a mini prism, a structured surface similar to surface 34
above, a microlens and the like. Element 36 can be embedded in material 14 during
the manufacturing process of material 14 in parallel to the embedding of light source
12 or any other component. The size of element 36 is selected to allow the collection
of light rays at the predetermined range of angles and therefore depends on the
10  distance between surface 16 and light source 12. Thus, in the embodiments in which
light source 12 is embedded near surface 18, element 36 has larger size compared to
its size in the embodiments in which light source 12 is embedded in the bulk of
material 14.
Reference is now made to Figure 5 which is a block diagram schematically
15  illustrating a liquid crystal display device 40, according to various exemplary
embodiments of the present invention. Device 40 comprises a liquid crystal panel 42
and a backlight unit 44. Backlight unit 44 can be or it can comprise comprises
illumination apparatus 10 as further detailed hereinabove. Several components of
apparatus 10 have been omitted from Figure 5 for clarity of presentation, but one of
20  ordinary skill in the art, provided with the details described herein would know how to
construct apparatus 10 according to the various exemplary embodiments desribed
above.
Panel 42 comprises a matrix of thin film transistors 46 fabricated on a
substrate 48 of glass or another transparent material. A liquid crystal film 50 is
25  disposed over substrate 48 and transistors 46. A polarizer 56 is disposed on a
backside of substrate 48. Transistors 16 can be addressed by gate lines (not shown)
deposited on the substrate 48 during the fabrication of transistors 16 as is well known
in the art. Each particular transistor applied by voltage conducts electrical current and
charges film 50 in its vicinity. The charging of the liquid crystal film alters the
30  opacity of the film, and effects a local change in light transmission of the liquid
crystal film 20. Hence, transistors 16 define display cells 52 (e.g., pixels) in liquid
crystal film 50. Typically, the opacity of each display cells is charged to one of

several discrete opacity levels to implement an intensity gray scale. Thus, the display
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cells serves as a gray scale picture elements. However, pixel opacity also can be

controlled in a continuous analog fashion or a digital (on/off) fashion.

Color-selective filters 54 are distributed on cells 52 across the display area of

panel 42 to produce a color display. Typically, but not obligatorily, there are three

5 types of color filters (designated in Figure 5 by 54a, 54b and 54c) where each filter

allows transmission of one of the three primary additive colors red, green and blue.

- The schematic block diagram of Figure 5 illustrates a single three-component cell

which includes a first component color (e.g., red output by cell 52 covered by filter

54a), a second component color (e.g., green output by cell 52 covered by filter 54b),

10 and a third component color (e.g., blue output by the cell 52 covered by the filter S4c)
that are selectively combined or blended to generate a selected coloé.

In operation, backlight unit 44 produces a substantially uniform white
illumination as detailed above, and polarizer 56 optimizes the light polarization with
respect to polarization properties of liquid crystal film 20. The opacity of the cells 52

15 is modulated using transistors 46 as detailed above to create a transmitted light
intensity modulation across the area of device 40. Color filters 54 colorize the
intensity-modulated light emitted by the pixels to produce a color output. By
selective opacity modulation of neighboring display cells 52 of the three color
components, selected intensities of the three colors are blended together to selectively

20  control color light output. As is known in the art, selective blending of three primary
colors such as red, green, and blue can generally produce a full range of colors
suitable for color display purposes. Spatial dithering is optionally and preferably used
to provide further color blending across neighboring color pixels

Display device 40 can be incorporated in may applications. Representative

25  examples include, without limitation, a portable computer system (e.g:, a laptop), a
computer monitor, a personal digital assistant system, a cellular communication
system (e.g., a mobile telephone), a portable navigation system, a television system
and the like.

Additional objects, advantages and features of the present embodiments will

30  become apparent to one ordinarily skilled in the art upon examination of the following
examples for constructing' waveguide material 14, which are not intended to be
limiting. According to a preferred embodiment of the present invention waveguide

material 14 comprises a polymeric material. The polymeric material may optionally
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comprise a rubbery or rubber-like material. According to a preferred embodiment of

the present invention material 14 is formed by dip-molding in a dipping medium, for
example, a hydrocarbon solvent in which a rubbery material is dissolved or dispersed.
The polymeric material optionally and preferably has a predetermined level of cross-
linking, which is preferably between particular limits. The cross-linking may
optionally be physical cro'ss-linking, chemical cross-linking, or a combination thereof.
A non-limiting illustrative example of a chemically cross-linked polymer comprises
cross-linked polyisoprene rubber. A non-limiting illustrative example of a physically
cross-linked polymer comprises cross-linked comprises block co-polymers or
segmented co-polymers, which may be cross-linked due to micro-phase separation for
example. Material 14 is optionally cross-linked through application of a radiation,
such as, but not limited to, electron beam radiation and electromagnetic radiation.
Although not limited to rubber itself, the material optionally and preferably has
the physical characteristics of rubber, such as parameters relating to tensile strength
and elasticity, which are well known in the art. For example, material 14 is preferably
characterized by a tensile set value which is below 5 %. The tensile set value
generally depends on the degree of cross-linking and is a measure of the ability of
flexible material 14, after having been stretched either by inflation or by an externally

applied force, to retumn to its original dimensions upon deflation or removal of the

-applied force.

The tensile set value can be determined, for example, by placing two reference
marks on a strip of material 14 and noting the distance between them along the strip,
stretching the strip to a certain degree, for example, by increasing its elongation to
90 % of its expected ultimate elongation, holding the stretch for a certain period of
time, e.g., one minute, then releasing the strip and allowing it to return to its relaxed
length, and re-measuring the distance between the two reference marks. The tensile
set value is then determined by comparing the measurements before and after the
stretch, subtracting one from the other, and dividing the difference by the
measurement taken before the stretch. In a preferred embodiment, using a stretch of
90% of its expected ultimate elongation and a holding time of one minute, the
preferred tensile set value is less than 5%. Also contemplated are materials having

about 30 % plastic elongation and less then 5 % elastic elongation.
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The propagation and diffusion of light through material 14 can be done in any

way known in the art, such as, but not limited to, total internal reflection, graded
refractive index and band gap optics. Additionally, polarized light may. be used, in
which case the propagation of the light can be facilitated by virtue of the reflective
coefficient of material 14. For example, a portion of material 14 can be made of a
dielectric material having a sufficient reflective coefficient, so as to trap the light
within at least a predeterrrﬁned region.

In any event, material 14 is preferably designed and constructed such that at
least a portion of the light propagates therethrough at a plurality of directions, so as to
allow the diffusion of the light in material 14 and the emission of the light through
more than one point in surface 16.

Reference is now made to Figures 6a-b, which illustrates material 14 in an
embodiment in which total internal - reflection is employed. In this embodiment
material 14 comprises a first layer 62 and a second layer 64. Preferably, the refractive
index of layer 66, designated in Figures 6a-b by ny, is smaller than the refractive index,
ny, of layer 64. In such configuration, when the light, shown generally at 58, impinges
on internal surface 65 of layer 64 at an impinging angle, 0, which is larger than the
critical angle, 0, = sin™(ny/ny), the light energy is trapped within layer 64, and the light
propagates therethrough in a predetermined propagation angle, o. Figures 6b-c,
schematically illustrate embodiments in which material 14 has three layers, 62, 64 and
66, where layer 64 is interposed between layer 62 and layer 66. In this embodiment,
the refractive index of layers 62 and 64 is smaller than the refractive index of layer 64.
As shown, light source 12 can be embedded in layer 64 (see Figure 6b) or it can be
embedded in a manner such that it extends over two layers (e.g., layers 62 and 64 see
Figure 6c).

The light may also propagate through waveguide material 14 when the
impinging angle is smaller than the critical angle, in which case one portion of the
light is emitted and the other portion thereof continue to propagate. This is the case
when material 14 comprises dielectric or metallic materials, where the reflective
coefficient depends on the impinging angle, 6. _

The propagation angle, o, is approximately £(7/2-0), in radians. o depends on
the ratio between the indices of refraction of the layers. Specifically, when n; is much

larger than ny, o is large, whereas when the ratio ny/n, is close to, but above, unity, o
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is small. According to a preferred embodiment of the present invention the thickness

of the layers of material 14 and the indices of refraction are selected such that the light
propagates in a predetermined propagation angle. A typical thickness of each layer is
from about 10 um to about 3 mm, more preferably from about 50 pm to about
5 500 wm, most preferably from about 100 pm to about 200 pm. The overall thickness
of material 14 depends on the height of light source 12. For example, when light
source 12 is a LED device of size 0.6 mm (including the LED package), the height of
material 14 is preferably from about 0.65 mm to about 0.8 mm. When light source 12
is a bare die of size 0.1 mm, the height of material 14 is preferably from about

10 0.15 mm to about 0.2 mm.

The difference between the indices of refraction of the layers is preferably
selected in accordance with the desired propagation angle of the light. According to a
preferred embodiment of the present invention, the indices of refraction are selected
such that propagation angle is from about 2 degrees to about 15 degrees. For example,

15  layer 64 may be made of poly(cis-isoprene), having a refractive index of about 1.52,
and layers 62 and 66 may be made of Poly(dimethyl siloxane) having a refractive
index of about 1.45, so that An=n, — nj =~ 0.07 and ny/n; =~ 0.953 corresponding to a
propagation angle of about 19 degrees.

The emission of the light from surface 16 of material 14 may be achieved in

20 more than one way. Broadly speaking, one or more of the layers of waveguide
material 14 preferably comprises at least one additional component 71 (not shown, see
Figures 7a-d) designed and configured so as to allow the emission of the light through
the surface. Following are several examples for the implementatioﬁ of component 71,
which are not intended to be limiting.

25 Referring to Figure 7a, in one embodiment, component 71 is implemented as at
least one impurity 70, present in second layer 64 and capable of emitting light, so as to
change the propagation angle of the light. Impurity 70 may serve as a scatterer, which,
as stated, can scatter radiation in more than one direction. When the light is scattered
by impurity 70 .in such a direction that the impinging angle, 6, which is below the

30 aforementioned critical angle, ,, no total internal reflection occurs and the scattered
light is emitted thréugh surface 16. Acéording to a preferred embodiment of the
present invention the concentration and distribution of impurity 70 is selected such

that the scattered light is emitted from a predetermined region of surface 16.. More
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specifically, in regions of waveguide material 14 where larger portion of the

propagated light is to be emitted through the surface, the concentration of impurity 70
is preferably large, while in regions where a small portion of the light is to be emitted
the concentration of impurity 70 is preferably smaller.

As will be appreciated by one ordinarily skilled in the art, the energy trapped in
waveguide material 14 decreases each time a light ray is emitted through surface 16.
On the other hand, it is often desired to use material 14 to provide a uniform surface
illumination. Thus, as the overall amount of energy decreases with each emission, a
uniform surface illumination can be achieved by gradually increasing the ratio
between the emitted light and the propagated light. According to a preferred
embodiment of the present invention, the increasing emitted/propagated ratio is
achieved by an appropriate selection of the distribution of impurity 70 in layer 64.
More specifically, the concentration of impurity 70 is preferably an increasing
function of the optical distance which the propagated light travels.

Optionally, impurity 70 may comprise any object that scatters light and which
is incorporated into the material, including but not limited to, beads, air bubbles, glass
beads or other ceramic particles, rubber particles, silica particles and so forth, any of
which may optionally be fluorescent particles or biological particles, such as, but not
limited to, Lipids.

Figure 7b further details the presently preferred embodiment of the invention.
In Figure 7b, impurity 70 is optionally and preferably implemented as a plurality of
paﬂiéles 42, distributed in an increasing concentration so as to provide a light gradient.
Particles 42 are preferably organized so as to cause light to be transmitted with
substantially lowered losses through scattering of the light. Particles 42 may
optionally be implemented as a plurality of bubbles in a solid plastic portion, such as a
tube for example. According to a preferred embodiment of the present invention the
size of particles 42 is selected so as to selectively scatter a predetermined range of
wavelengths of the light. More specifically small particles scatter small wavelengfhs
and large particles scatter both small and large wavelengths.

Particles 42 may also optionally act as filters, for example for filtering out

- particular wavelengths of light. Préferably, different types of particles 42 are used at

different locations in waveguide material 14. For example, particles 42 which are

specific to scattering of a particular spectrum may preferably be used within
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waveguide material 14, at locations where such particular wavelength is to be emitted

from waveguide material 14 to provide illumination.

According to a preferred embodiment of the present invention impurity 70 is
capable of producing different optical responses to different wavelengths of the light.
The difference optical responses can be realized as different emission angles, different
emission wa\}elengths and the like. For example, different emission wavelengths may
be achieved by implementing impurity 70 as beads each having predetermined
combination of color-components, e.g., a predetermihed combination of fluorophore
molecules.

When a fluorophore molecule embedded in a bead absorbs light, electrons are
boosted to a higher energy shell of an unstable excited state. During the lifetime of
excited state (typically 1-10 nanoseconds) the fluorochrome molecule undergoes
conformational changes and is also subject to a multitude of possible interactions with
its molecular environment. The energy of excited state is partially dissipated, yielding
a relaxed singlet excited state from which the excited electrons fall back to their stable
ground state, emitting light of a specific wavelength. The emission spectrum is shifted
towards a longer wavelength than its absorption spectrum. The difference in
wavelength between the apex of the absorption and emission spectra of a
fluorochrome (also referred to as the Stokes shift), is typically small.

Thus, in this embodiment, the wavelength (color) of the emitted light is
controlled by the type(s) of fluorophore molecules embedded in the beads. Other
objects having similar or other light emission properties may be also. be used.
Representative examples include, without limitation, fluorochromes, chromogenes,
quantum dots, nanocrystals, nanoprisms, nanobarcodes, scattering metallic objects,
resonance light scattering objects and solid prisms.

Referring to Figure 7c, in another embodiment, component 71 is implemented
as one or more diffractive optical elements 72 formed with layer 64, for at least
partially diffracting the light. Thus, the propagated light reaches optical element 72
where a portion of the light energy is coupled out of material 14, while the remnant
energy is redirected through an angle, which causes it to.continue its propagatioh
through layer 64. Optical eAlement 70 may be realized in many ways, including,
without limitation, non-smooth surfaces of layer 64, a mini-prism or grating formed on

internal surface 65 and/or external surface 67 of layer 64. Diffraction Gratings are
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known to allow both redirection and transmission of light. The angle of redirection is

determined by an appropriate choice of the period of the diffraction grating often
called "the grating function." Furthermore, the diffraction efficiency controls the
energy fraction that is transmitted at each strike of light on the grating. Hence, the
5  diffraction efficiency may be predetermined so as to achieve an output having
predefined light intensities; in particular, the diffraction efficiency may vary locally
for providing substantially uniform light intensities. Optical element 70 may also be
selected such that the scattered light has a predetermined wavelength. For example, in
the embodiment in which optical element 70 is a diffraction grating, the grating
10 function may be selected to allow diffraction of a predetermined range of wavelengths.
Referring to Figure 7d, in an additional embodiment, one or more regions 74 of
layer 62 and/or 66 may have different indices of refraction so.as to prevent the light
from being reflected from internal surface 65 of second layer 64. For example,
denoting the index of refraction of region 74 by ng, a skilled artisan would appreciate
15  that when ns > ny, no total internal reflection can take place, because the critical angle,
8., is only defined when the ratio na/n; does not exceed the value of 1. The advantage
of this embodiment is that the emission of the light through surface 16 is independent

on the wavelength of the light.
As stated, flexible material 14 preferably comprises polymeric material. The
20  polymeric material may optionally comprise natural rubber, a synthetic rubber or a
combination thereof. Examples of synthetic rubbers, particularly those which are
suitable for medical articles and devices, are taught in US Patent No. 6,329,444,
hereby incorporated by reference as if fully set forth herein with regard to such
illustrative, non-limiting examples. The synthetic rubber in this patent is prepared
25 from cis-1,4-polyisoprene, although of course other synthetic rubbers could optionally
be used. Natural rubber may optionally be obtained from Hevena brasiliensis or any

‘ other suitable species.

Other exemplary materials, which may optionally be used alone or in
combination with each other, or with one or more of the above rubber materials,
30 include but are not limited to, crosslinked polyrmers such as : polyolefins, including
but not limited to, polyisoprene, polybutadiene, ethylene-propylene copolymers,
chlorinated olefins such as polychloroprene (neoprene) block copolymers, including

diblock-, triblock-, multiblock- or star-block-, such as: styrene-butadiene-styrene
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copolymers, or styrene-isoprene-styrene copolymers (preferably with styrene content

from about 1% to about 37 %), segmented copolymers such as polyurethanes,
polyether-urethanes, segmented polyether copolymers, silicone polymers, including
copolymers, and fluorinated polymers and copolymers.

5 For example, optionally and preferably, the second layer comprises
polyisoprene, while the first layer optionally and preferably comprises silicone. If a
third layer is present, it also optionally and preferably comprises silicone.

According to an optional embodiment of the present invention, the flexible
material is formed by dip-molding in a dipping medium. Optionally, the dipping
10 medium comprises a hydrocarbon solvent in which a rubbery material is dissolved or
dispersed. Also optionally, the dipping medium may comprise one or more additives
selected from the group conmsisting of cure accelerators, sensitizers, activators,
emulsifying agents, cross-linking agents, plasticizers, antioxidants and reinforcing
agents.
15
It is expected that during the life of this patent many relevant wave guiding
techniques will be developed and the scope of the term waveguide material is intended

to include all such new technologies a priori.

20 It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

25

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be épparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad

30 scope of the appended claims. All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference
into the specification, to the same extent as if each individual publication, patent or

patent application was specifically and individually indicated to be incorporated herein
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by reference. In addition, citation or identification of any reference in this application

shall not be construed as an admission that such reference is available as prior art to

the present invention.
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WHAT IS CLAIMED IS:

1. An illumination apparatus, comprising at least one light emitting source

‘embedded in a waveguide material having a first surface and a second surface, said

waveguide material being capable of propagating light generated by said at least one
light emitting source, such that at least a portion of said light is diffused within said

waveguide material and exits through at least a portion of said first surface.

2. A method of providing illumination, comprising applying forward bias
on at least one light emitting source embedded in a waveguide material having a first
surface and a second surface to effect emission of light from said at least one light
emitting source, wherein said waveguide material is capable of propagating said light
such that at least a portion of said light is diffused within said waveguide material and

exits through at least a portion of said first surface, thereby providing the illumination.

3. A liquid crystal display device, comprising a liquid crystal panel and a

" backlight unit, wherein said backlight unit comprises the apparatus of claim 1.

4. A portable computer system comprising the liquid crystal display

device of claim 3.

5. A computer monitor comprising the liquid crystal display device of

claim 3.

6. A personal digital assistant system comprising the liquid crystal display

device of claim 3.

7. A cellular communication system comprising the liquid crystal display

device of claim 3.

8. A television system comprising the liquid crystal display device of

claim 3.
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9. A signage panel for producing a signage under electronic control,

comprising a power source connected to the apparatus of claim 1.

10. The apparatus, method or device of claim 1, 2 or 3, wherein said

waveguide material is flexible.

11. The apparatus, method or device of claim 1, 2 or 3, wherein said at
least one light emitting source comprises at least one bare die and electrical contacts

connected thereto.

12. The apparatus, method or device of claim 1, 2 or 3, wherein said at
least one light emitting source is encapsulated by a transparent thermal isolating

encapsulation.

13. The apparatus, method or device of claim 1, 2 or 3, wherein said at
‘least one light emitting source is embedded near said second surface of said waveguide

material.

14.  The apparatus, method or device of claim 13, wherein said at least one
light emitting source is embedded near said second surface in a manner such that
electrical contacts of said at least one light emitting source remain outside said

waveguide material at said second surface.

15. The apparatus, method or device of claim 14, wherein the illumination
apparatus further comprises a printed circuit board electrically connected to said

electrical contacts.

16. The apparatus, method or device of claim 15, wherein said printed
circuit board is capable of evacuating heat away from said at least one light emitting

source.

17.  The apparatus, method or device of claim 1, 2 or 3, wherein said at

least one light emitting source is embedded in the bulk of said waveguide material.
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18.  The apparatus, method or device of claim 17, wherein the illumination

apparatus further comprises an arrangement of electrical lines extending from said at

least one light emitting source to at least one end of said waveguide material.

19. The apparatus, method or device of claim 1, 2 or 3, wherein said at
least one light emitting source comprises at least one source configured to emit light at

a first color, and at least one source configured to emit light at a second color.

20.  The device of claim 3, wherein said liquid crystal panel comprises an
arrangement of color filters operating at a plurality of distinct colors, and said at least
one light emitting source comprises, for each color of said plurality of distinct colors,

at least one source configured to emit light at said color.

21.  The apparatus or device of claim 1 or 3, wherein the illumination
apparatus further comprises a reflecting surface embedded in or attached to said
waveguide material in a manner such that emission of light through said second

surface is prevented and emission of light through said first surface is enhanced.

22.  The apparatus or device of claim 1 or 3, wherein the illumination
apparatus further comprises at least one photoluminescent layer coating at least said

portion of said first surface.

23.  The apparatus or device of claim 22, wherein said at least one
photoluminescent layer and said at least one light emitting source are selected such the

illumination apparatus provides substantially white light.

24.  The device of claim 22, wherein said liquid crystal panel comprises an
arrangement of color filters operating at a plurality of distinct colors, wherein said at
least one photoluminescent layer and said at least one light emitting sourée are
selected such the illumination apparatus provides light at least at said a plurality of

 distinct colors.
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25.  The apparatus or device of claim 23, wherein said at least one

photoluminescent layer comprises a plurality of photoluminescent layers, each being
characterized by a different absorption spectrum, and said at least one light emitting
source comprises, for each absorption spectrum, at least one light emitting source

characterized by an emission spectrum overlapping said absorption spectrum.
26.  The apparatus or device of claim 1 or 3, wherein the illumination
apparatus further comprises a structured film deposited on or embedded in said

waveguide material.

"27.  The apparatus or device of claim 1 or 3, wherein the illumination

‘apparatus further comprises at least one optical element embedded in said waveguide

material for enhancing diffusion of light within said waveguide material.

28.  The apparatus or device of claim 27, wherein said at least one optical

" element is embedded in said waveguide material near said first surface and configured

to reflect light striking said at least one optical element at a predetermined range of

angles, and transmit light striking said at least one optical element at other angles.

29.  The apparatus or device of claim 27, wherein said at least one optical

element comprises at least one microlens.

30. The apparatus, method or device of claim 1, 2 or 3, wherein said

waveguide material comprises a polymeric material.

31.  The apparatus, method or device of claim 1, 2 or 3, wherein said

waveguide material comprises a rubbery material.

32.  The apparatus, method or device of claim 1, 2 or 3, wherein said

waveguide material is formed by dip-molding in a dipping medium.
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33.  The apparatus, method or device of claim 32, wherein said dipping

medium comprises a hydrocarbon solvent in which a rubbery material is dissolved or

dispersed.

34. The apparatus or device of claim 32 or 33, wherein said dipping
medium comprises additives selected from the group consisting of cure accelerators,
sensitizers, activators, emulsifying agents, cross-linking agents, plasticizers,

antioxidants and reinforcing agents

35. The apparatus, method or device of claim 1, 2 or 3, wherein said
waveguide material comprises a dielectric material, and wherein a reflection
coefficient of said dielectric material is selected so as to allow propagation of
polarized light through said waveguide material and emission of said polarized light
through said first surface.

36.  The apparatus, method or device of claim 1, 2 or 3, wherein said
waveguide material comprises a metallic material, and wherein a reflection coefficient
of said metallic material is selected so as to allow propagation of polarized light
through said waveguide material and emission of said polarized light through said first
surface.

37. The apparatus, method or device of claim 1, 2 or 3, wherein said

waveguide material is a multilayered material.

38.  The apparatus, method or device of claim 1, 2 or 3, wherein said
waveguide material comprises a first layer having a first refractive index, and a second
layer being in contact with said first layer and having a second refractive index being

larger that said first refractive index.

39.  The apparatus, method or device of claim 38, wherein said second layer

comprises polyisoprene.
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40.  The apparatus, method or device of claim 38, wherein said first layer

comprises silicone.

41.  The apparatus, method or device of claim 38, wherein said waveguide
material further comprises a third layer being in contact with said second layer and

having a third refractive index being smaller than said second refractive index.

42.  The apparatus, method or device of claim 41, wherein said third

refractive index equals said first refractive index.

43.  The apparatus, method or device of claim 37, wherein at least one layer
of waveguide material comprises at least one additional component designed and
configured such as to allow said emission of the light through said at least a portion of

said surface.

44.  The apparatus, method or device of claim 43, wherein said at least one
additional component is capable of producing different optical responses to different

spectra of said light.

45.  The apparatus, method or device of claim 44, wherein said different

optical responses comprise different emission angles.

46.  The apparatus, method or device of claim 45, wherein said different

optical responses comprise different emission spectra.

47.  The apparatus, method or device of claim 43, wherein said at least one
~ additional component comprises at least one impurity capable of emitting at least said

portion of said light through said first surface.

48.  The apparatus, method or device of claim 47, wherein said at least one

impurity comprises a plurality of particles capable of scattering said light.
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49.  The apparatus, method or device of claim 48, wherein a size of said

plurality of particles is selected so as to selectively scatter a predetermined spectrum of

said light.
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Description

BACKLIGHT UNIT AND LCD HAVING THE SAME

Technical Field

[1] The present invention relates to a backlight unit and a liquid crystal display (LCD)
device having the same.
Background Art

[2] A cathode ray tube (CRT) display device has been most widely used until recently
as one of display devices for displaying image data on a screen. However, the CRT
display device causes a lot of inconvenience due to its large volume and heavy weight
for its display area.

[3] A thin film type flat panel display device, which has a slim profile and a large
display area and thus can be used conveniently anywhere, has been developed and is
gradually replacing the CRT. ’

[4] A liquid crystal display (LCD) device is one of the thin film type flat panel display
devices, which are widely used at the present time. The LCD device uses optical
anisotropy and polarization properties of liquid crystal molecules. Alignment of liquid
crystal molecules has a specific direction and polarization properties because a liquid
crystal has a thin and long structure. The alignment direction can be controlled by
applying an electric field to the liquid crystal. Accordingly, when the alignment
direction is controlled, due to the optical anisotropy of the liquid crystal, light rays may
pass through or be cut off by the liquid crystal according to the alignment direction of
the liquid crystal molecules so that colors and images are displayed.

[5] Meanwhile, the liquid crystal display device generally uses light provided by an
external light source or a backlight unit to display images because the liquid crystal is
not self-luminous.

[6] Vigorous efforts are being made to develop the backlight unit, particularly having
high emission brightness and excellent color uniformity over positions along with a
slim profile.

Disclosure of Invention
Technical Problem

[7] An embodiment of the present invention provides a backlight unit having high
emission brightness and excellent color uniformity over positions along with a slim
profile.

[8] An embodiment of the present invention provides an LCD device and a mobile
communication terminal including a backlight unit having high emission brightness

and excellent color uniformity over positions along with a slim profile, so that it can be
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[9]

[10]

[11]

[12]

(13]

[14]

[15]

manufactured to have a slimmer profile.

Technical Solution

An embodiment of the present invention provides a backlight unit comprising: a
light guide plate; a light emitting element for providing the colored light to the light
guide plate; a fluorescent exciting sheet formed on the light guide plate to receive the
colored light incident thereon through the light guide plate and emit white light; and a
transflective polarizing prism sheet formed on the fluorescent exciting sheet.

An embodiment of the present invention provides a liquid crystal display device
comprising: a backlight unit having a light guide plate, a light emitting element for
providing the colored light to the light guide plate, a fluorescent exciting sheet formed
on the light guide plate to receive the colored light incident thereon through the light
guide plate and emit white light, and a transflective polarizing prism sheet formed on
the fluorescent exciting sheet; a liquid crystal panel receiving light provided by the -
backlight unit; a first polarizer formed under the liquid crystal panel; and'a second
polarizer formed on the liquid crystal panel.

An embodiment of the present invention provides a mobile communication terminal

. comprising: a backlight unit having a light guide plate, a light emitting element for

providing the colored light to the light guide plate, a fluorescent exciting sheet formed
on the light guide plate to receive the colored light incident thereon through the light
guide plate and emit white light, and a transflective polarizing prism sheet formed on
the fluorescent exciting sheet; a liquid crystal panel receiving light provided by the
backlight unit; a first polarizer formed under the liquid crystal panel; a second
polarizer formed on the liquid crystal panel; a communication unit for performing
communication with an outside; and a control unit for controlling the backlight unit,
the liquid crystal panel, and the communication unit.
Advantageous Effects

According to the present invention, it is possible to provide a backlight unit having
high emission brightness and excellent color uniformity over positions along with a
slim profile.

According to the present invention, it is also possible to provide an LCD device and
a mobile communication terminal including a backlight unit having high emission
brightness and excellent color uniformity over positions along with a slim profile, so
that it can be manufactured to have a slimmer profile.
Brief Description of the Drawings

FIG. 1 is a schematic view illustrating a backlight unit according to an embodiment
of the present invention; and

FIG. 2 is a schematic view illustrating a liquid crystal display device according to
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an embodiment of the present invention.
Best Mode for Carrying Out the Invention

It will be understood that when a layer, a region, a pattern or a structure is referred
to as being "on" or "under” a substrate, a layer, a region, a pad or a pattern in the de-
scriptions of the embodiments, the term "on" may denote "directly on", or "indirectly
on", and the term "under" may denote "directly under" or "indirectly under".

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to accompanying drawings.

FIG. 1 is a schematic view illustrating a backlight unit according to an embodiment
of the present invention.

A backlight unit according to an embodiment of the present invention includes a
light emitting element 11, a light guide plate 13, a fluorescent exciting sheet 15, and-a
transflective polarizing prism sheet 17.

For example, the light emitting element 11 may provide the light guide plate with
blue light. The light emitting element 11 may be realized as, for example, a blue light
emitting diode. Blue light emitted from the light emitting element 11 passes through
the light guide plate 13, and then is incident on the fluorescent exciting sheet 15. A
pattern may be formed on a lower surface of the light guide plate 13. For example,
projections may be formed on the lower surface of the light guide plate 13. The
projections contribute to making the light emitted from the light emitting element 11
be received by the fluorescent exciting sheet 15. Also, a reflector may be further
formed on a lower portion of the light guide plate.13. The reflector reflects light that
has leaked to a lower portion of the light guide plate 13 back in an upper direction.

The fluorescent exciting sheet 15 receives blue light emitted from the light emitting
element 11 to emit white light. The fluorescent exciting sheet 15 may be realized to
include a yellow phosphor or a red/green phosphor. Here, the phosphor may be
contained inside the fluorescent exciting sheet 15 or coated on outer surfaces of the
fluorescent exciting sheet 15.

For another example, the light emitting element 11 may provide blue/green light.
The light emitting element 11 may be realized as a blue light emitting diode and a
green light emitting diode. Also, the light emitting element 11 may be realized to be
mounted as a light emitting diode package including a blue light emitting chip and a
green light emitting chip. The blue/green light may be expressed as cyan light.

Blue/green light emitted from the light emitting element 11 passes through the light
guide plate 13, and then is incident on the fluorescent exciting sheet 15. A pattern may
be formed on a lower surface of the light guide plate 13. For example, projections may

be formed on the lower surface of the light guide plate 13. The projections contribute
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to making the light emitted from the light emitting element 11 be received by the
fluorescent exciting sheet 15. In addition, a reflector may be further formed on a lower
surface of the light guide plate 13. The reflector reflects light that has leaked to a lower
portion of the light guide plate 13 back in an upper direction.

The fluorescent exciting sheet 15 receives blue/green light emitted from the light
emitting element 11 to emit white light. The fluorescent exciting sheet 15 may be
realized to include a red phosphor. Here, the phosphor may be contained inside the
fluorescent exciting sheet 15 or coated on outer surfaces of the fluorescent exciting
sheet 15.

Meanwhile, white light emitted from the fluorescent exciting sheet 15 is incident on
the transflective polarizing prism sheet 17. The transflective polarizing prism sheet 17
transmits light (P1) polarized in a first direction, whereas reflects light (P2) polarized
in a second direction perpendicular to the first direction. Also, light that has been
reflected from the transflective polarizing prism sheet 17 is reflected back from the
fluorescent exciting sheet 15 disposed under the transflective polarizing prism sheet
17, so that a portion of the reflected light (P1) can now pass through the transflective
polarizing prism sheet 17. Accordingly, a backlight unit has 30 % higher brightness
when using the transflective polarizing prism sheet 17 than when using a general prism
sheet. Upper surface of the transflective polarizing prism sheet 17 has a prism shape.

White light emitted from the fluorescent exciting sheet 15 is unpolarized light
including both a polarization component in a first direction (P1) and a polarization
component in a second direction (P2). The transflective polarizing prism sheet 17
transmits light having the polarization component in the first direction (P1), whereas
reflects light having the polarization component in the second direction (P2) according
to a characteristic of the polarization axis thereof. Also, as described above, light that
has been reflected from the transflective polarizing prism sheet 17 is reflected back
from the fluorescent exciting sheet 15 disposed under the transflective polarizing prism
sheet 17, so that a portion of the reflected light (P1) having the polarization component
in the first direction (P1) can now pass through the transflective polarizing prism sheet
17. Light excited to white light through the fluorescent exciting sheet 15 does not
affect a color coordinate of the backlight though it recycles repeatedly.

A backlight unit having the above described structure can be manufactured to have
a slim profile. In addition, the fluorescent exciting sheet 15 receives blue light emitted
from the light emitting element 11 to emit white light. Thus, a backlight unit according
to an embodiment of the present invention secures high emission brightness and
excellent color uniformity over positions.

FIG. 2 is a schematic view illustrating a liquid crystal display device according to

an embodiment of the present invention.
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A liquid crystal display device according to an embodiment of the present invention
includes the above described backlight unit, a first polarizer 21, a liquid crystal panel
23, and a second polarizer 25. The backlight unit includes a light emitting element 11,
a light guide plate 13, a fluorescent exciting sheet 15, and a transflective polarizing
prism sheet 17.

For example, the light emitting element 11 may provide the light guide plate 13
with blue light. The light emitting element 11 may be realized as, for example, a blue
light emitting diode. Blue light emitted from the light emitting element 11 passes
through the light guide plate 13, and then is incident on the fluorescent exciting sheet
15. A pattern may be formed on a lower surface of the light guide plate 13. For
example, projections may be formed on the lower surface of the light guide plate 13.
The projections contribute to making the light emitted from the light emitting element
11 be received by the fluorescent exciting sheet 15. Also, a reflector may be further
formed on a lower portion of the light guide plate 13. The reflector reflects light that
has leaked to a lower portion of the light guide plate 13 back in an upper direction.

The fluorescent exciting sheet 15 receives blue light emitted from the light emitting
element 11 to emit white light. The fluorescent exciting sheet 15 may be realized to
include a yellow phosphor or a red/green phosphor.

For another example, the light emitting element 11 may provide blue/green light.
The light emitting element 11 may be realized as a blue light emitting diode and a
green light emitting diode. Also, the light emitting element 11 may be realized to be
mounted as a light emitting diode package including a blue light emitting chip and a
green light emitting chip.

Blue/green light emitted from the light emitting element 11 passes through the light
guide plate 13, and then is incident on the fluorescent exciting sheet 15. A pattern may
be formed on a lower surface of the light guide plate 13. For example, projections may
be formed on the lower surface of the light guide plate 13. The projections contribute
to making the light emitted from the light emitting element 11 be received by the
fluorescent exciting sheet 15. In addition, a reflector may be further formed on a lower
surface of the light guide plate 13. The reflector reflects light that has leaked to a lower
portion of the light guide plate 13 back in an upper direction.

The fluorescent exciting sheet 15 receives blue/green light emitted from the light
emitting element 11 to emit white light. The fluorescent exciting sheet 15 may be
realized to include a red phosphor.

The transflective polarizing prism sheet 17 condenses light emitted from the
fluorescent exciting sheet 15, onto the liquid crystal panel 23. The liquid crystal panel
23 uses light incident thereon through the transflective polarizing prism sheet 17 to

display image.
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The transflective polarizing prism sheet 17 transmits light polarized in a set
direction, whereas reflects light polarized in the other directions. For example, the
transflective polarizing prism sheet 17 may be realized to have a transmission axis
parallel with that of the polarizer 21 attached on the bottom of the liquid crystal panel
23. In this case, light polarized to pass through the first polarizer 21 attached on the
bottom of the liquid crystal panel 23 passes through the transflective polarizing prism
sheet 17, and then is incident on the liquid crystal panel 23. Also, light reflected from
the transflective polarizing prism sheet 17 is reflected back from elements disposed
below the transflective polarizing prism sheet 17. A portion of the light retlected back
passes through the transflective polarizing prism sheet 17, and then is incident on the
liquid crystal panel 23. Accordingly, a backlight unit has 30 % higher brightness when
using the transflective polarizing prism sheet 17 than when using-a-general prism sheet.
Upper surface of the transflective polarizing prism sheet 17 has a prism shape, and
condenses light incident thereon from the fluorescent exciting sheet 15, onto the liquid
crystal panel 23.

The second polarizing panel 25 may have a transmission axis either parallel with or
nonparallel with that of the first polarizing panel 21 according to driving characteristics
of the liquid crystal panel 23. According to the driving of the liquid crystal panel 23,
the second polarizer 25 allows or prohibits a transmission of light incident thereon
through the first polarizer 21.

The backlight unit or the liquid crystal display device described above may be
applied to a mobile communication terminal to realize a slim mobile communication
terminal.

A mobile communication terminal according to an embodiment of the present
invention includes a communication unit for performing communication with the
outside. A mobile communication terminal according to an embodiment of the present
invention includes the communication unit and a control unit for controlling the
backlight unit or the liquid crystal display device.

Mode for the Invention

While the present invention has been described and illustrated herein with reference
to the preferred embodiments thereof, it will be apparent to those skilled in the art that
various modifications and variations can be made therein without departing from the
spirit and scope of the invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention that come within the scope of the

appended claims and their equivalents.
Industrial Applicability

According to the present invention, it is possible to provide a backlight unit having
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high emission brightness and excellent color uniformity over positions along with a
slim profile.

[42] According to the present invention, it is also possible to provide an LCD device and
a mobile communication terminal including a backlight unit having high emission
brightness and excellent color uniformity over positions along with a slim profile, so

that it can be manufactured to have a slimmer profile.
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Claims
A backlight unit comprising:
a light guide plate;
a light emitting element for providing the colored light to the light guide plate;
a fluorescent exciting sheet formed on the light guide plate to receive the colored
light incident thereon through the light guide plate and emit white light; and
a transflective polarizing prism sheet formed on the fluorescent exciting sheet.
The backlight unit according to claim 1, wherein the light emitting element
comprises a blue light emitting diode, and the fluorescent exciting sheet
comprises one of a yellow phosphor and a red/green phosphor.
The backlight unit according to claim 1, wherein the light emitting element
comprises a blue light emitting diode and a green light emitting diode, and the
fluorescent exciting sheet comprises a red phosphor.
The backlight unit according to claim 1, wherein the transflective polarizing
prism sheet transmits light polarized in a first direction, whereas reflects light
polarized in a second direction perpendicular to the first direction, and an uppér
surface thereof has a prism shape.
The backlight unit according to claim 1, comprising a reflector formed in a lower
portion of the light guide plate.
The backlight unit according to claim 1, wherein a pattern is formed on a lower
surface of the light guide plate.
The backlight unit according to claim 1, wherein white light emitted from the
fluorescent exciting sheet is unpolarized light.
A liquid crystal display device comprising:
a backlight unit including a light guide plate, a light emitting element for
providing the colored light to the light guide plate, a fluorescent exciting sheet
formed on the light guide plate to receive the colored light incident thereon
through the light guide plate and emit white light, and a transflective polarizing
prism sheet formed on the fluorescent exciting sheet;
a liquid crystal panel receiving light provided by the backlight unit;
a first polarizer formed under the liquid crystal panel; and
a second polarizer formed on the liquid crystal panel.
The liquid crystal display device according to claim 8, wherein the transflective
polarizing prism sheet has a transmission axis parallel with a transmission axis of
the first polarizer.
The liquid crystal display device according to claim 8, wherein the light emitting

element comprises a blue light emitting diode, and the fluorescent exciting sheet
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comprises one of a yellow phosphor and a red/green phosphor.

The liquid crystal display device according to claim 8, wherein the light emitting
element comprises a blue light emitting diode and a green light emitting diode,
and the fluorescent exciting sheet comprises a red phosphor.

The liquid crystal display device according to claim 8, wherein the transflective
polarizing prism sheet transmits light polarized in a first direction, whereas
reflects light polarized in a second direction perpendicular to the first direction,
and an upper surface thereof has a prism shape.

The liquid crystal display device according to claim 8, comprising a reflector
formed under the light guide plate.

The liquid crystal display device according to claim 8, wherein white light
emitted from the fluorescent exciting sheet is unpolarized light.

A mobile communication terminal comprising:

a backlight unit including a light guide plate, a light emitting element for
providing the colored light to the light guide plate, a fluorescent exciting sheet
formed on the light guide plate to receive the colored light incident thereon
through the light guide plate and emit white light, and a transflective polarizing
prism sheet formed on the fluorescent exciting sheet;

a liquid crystal panel receiving light provided by the backlight unit;

a first polarizer formed under the liquid crystal panel;

a second polarizer formed on the liquid crystal panel;

a communication unit for performing communication with an outside; and

a control unit for controlling the backlight unit, the liquid crystal panel, and the
communication unit.

The mobile communication terminal according to claim 15, wherein the
transflective polarizing prism sheet has a transmission axis paralle] with a
transmission axis of the first polarizer.

The mobile communication terminal according to claim 15, wherein the light
emitting element comprises a blue light emitting diode, and the fluorescent
exciting sheet comprises one of a yellow phosphor and a red/green phosphor.
The mobile communication terminal according to claim 15, wherein the light
emitting element comprises a blue light emitting diode and a green light emitting
diode, and the fluorescent exciting sheet comprises a red phosphor.

The mobile communication terminal according to claim 15, wherein the
transflective polarizing prism sheet transmits light polarized in a first direction,
whereas reflects light polarized in a second direction perpendicular to the first
direction, and an upper surface thereof has a prism shape.

The mobile communication terminal according to claim 15, wherein white light
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emitted from the fluorescent exciting sheet is unpolarized light.
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In re Application of Confirmation No.: 4085
Hyung Hwa PARK

Group Art Unit: 2811
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Examiner:
Filed: 2/2/2010

Customer No.: 34610

For: LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME

INFORMATION DISCLOSURE STATEMENT

U.S. Patent and Trademark Office
Customer Service Window
Randolph Building

401 Dulany Street

Alexandria, Virginia 22314

Sit:

Pursuant to 37 C.F.R. §1.56, the attention of the Patent and Trademark Office is hereby directed
to the reference(s) listed on the attached PTO-1449. One copy of each reference is attached. Tt is
respectfully requested that the information be expressly considered during the prosecution of this
application, and that the reference(s) be made of record therein and appear among the "References
Cited" on any patent to issue therefrom.

Applicants have listed publication dates on the attached PTO-1449 based on'information
presently available to the undersigned. However, the listed publication dates should not be construed as
an admission that the information was actually published on the indicated date. Applicant reserves the
right to establish the patentability of the claimed invention over any of the information provided
herewith, and/or to prove that this information may not be prior art, and/or to prove that this
information may not be enabling for the teachings purportedly offered. This statement should not be
construed as a representation that a search has been made, that information cited in the statement is
considered to be and/or is material to patentability, or that information more material to the
examination of the present patent application does not exist. The Examiner is specifically requested not
to rely solely on the matetial submitted herewith. It is further understood that the Examiner will
consider information that was cited ot submitted to the U.S. Patent and Trademark Office in a ptior
application relied on under 35 U.S.C. §120. 1138 OG 37, 38 (May 19, 1992).

X 1. This Information Disclosure Statement is being filed (i) within three months of the U.S.
filing date of a U.S. application other than a CPA continued prosecution application under
§1.53(d) OR (ii) within three months of the date of entry of the national stage as set forth in
§1.491 in an international application OR (iii) befote the mailing date of a first Office Action on
the merits OR (iv) before the mailing of a first Office Action after the filing of a Request for
continued examination under §1.114. No certification or fee is required. 37 C.F.R. §1.97(b).

[] 2. This Information Disclosure Statement is being filed more than three months after the
U.S. filing date AND after the mailing date of the first Office Action on the merits, but before
the mailing date of a Final Rejection OR Notice of Allowance OR an action that otherwise
closes prosecution in the application. 37 C.F.R. §1.97(c).

] a. I hereby state that each item of information contained in this Information
Disclosure Statement was first cited in a communication from a foreign patent office in
a counterpart foreign application not more than three months priot to the filing of this
Information Disclosure Statement. 37 C.F.R. 1.97(e)(1).
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Setial No. 12/698,478 Docket No. HI-0434

] b. I hereby state that no item of information in this Information Disclosure
Statement was cited in 2 communication from a foreign patent office in a counterpart
foreign application and, to my knowledge after making reasonable inquiry, was known
to any individual designated in 37 C.F.R. §1.56(c) more than three months prior to the
filing of this Information Disclosure Statement. 37 C.F.R. 1.97(c) (2). No fee is
required.

I:] c. Attached is our check no. in the amount of $180.00 in payment of the fee
under 37 C.F.R. 1.17(p). Please credit or debit Deposit Account No. 16-0607 as needed
to ensure consideration of the disclosed information. Two duplicate copies of this
paper are attached.

] 3. This Information Disclosure Statement is being filed after the mailing date of a Final
Rejection OR Notice of Allowance OR an action that otherwise closes prosecution in the
application, but on or before payment of the Issue Fee. Attached is our check no. in the
amount of $180.00 in payment of the fee under 37 C.F.R. 1.17(p). Please credit or debit
Deposit Account No. 16-0607 as needed to ensure consideration of the disclosed information.
Two duplicate copies of this paper are attached. 37 C.F.R. §1.97(d).

] a. I hereby state that each item of information contained in this Information
Disclosure Statement was first cited in a communication from a foreign patent office in
a counterpart foreign application not more than three months prior to the filing of this
Information Disclosure Statement. 37 C.F.R. 1.97(e)(1).

] b. I hereby state that no item of information in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a counterpart
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. PROBLEM TO BE SOLVED: To provide a surface

. light source which has a good light utilizing

_ efficiency and is adapted for high luminance and low

. power consumption. SOLUTION: A first and a

. second light diffusion sheets 6, 8 are supported

i vertically at a prescribed distance by a frame body 5

i above a substrate 3 on which are disposed a

lurality of blue color type LEDs 4, and one of the

ght diffusion sheets, 6, integrally provided with a

. fluorescent material which emits fluorescence
according to light of the LED 4. The frame body 5 is

i constructed by combining an upper and a lower

i frames 53, 54, and the light diffusion sheet 8 is held

i between the upper and the lower frames 53, 54.
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(19) KOREAN INTELLECTUAL PROPERTY OFFICE (KR)
(12) UNEXAMINED UTILITY MODEL PUBLICATION (U)
(11) Unexamined publication No. 20-1998-065685

(43) Unexamined publication date  Dec. 05, 1998

(21) Application No. 20-1997-009938

(22) Application date May 06, 1997

(54) LIQUID CRYSTAL DISPLAY DEVICE

ABSTRACT

Disclosed is a liquid crystal display device. The liquid crystal device
includes top and bottom substrates having an ITO electrode pattern, a liquid
crystal layer interposed between the top and bottom substrates, a liquid guide
plate located below the bottom substrate and a light source for irradiating light
to the light guide plate. Luminescence material is coated on a lateral side of the
liguid guide plate. The liquid crystal display device can reproduce backlight

having various colors so that wide color coordinate can be realized.

Hisense Exhibit 1002, Page 183 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



=7 Al8 1998 -65685%(1998.12.05.) 15.

4} 1998-065685

(51} Int. C 8 (11) EMEHS  41998-065685
GO2F 1/1335 (43) B2MLX 1998 128052
(21) 2981 211997-009338
(22) =4 UA} 1997405206
(1) sl YT F2IB AL &5
IS AN g A4S S1PIA
(712) OXt I
AT SN 237 dgd JtHel 818 BiX
(74) tielel olgdy, AdE, gFY

29

o™ A X0l A5101 JHAIBICE. 2 Dot 1TOA 2 mH0] 450 = sty I, o7 459
o o} 2

IS AOIO) DHKIE o Z3F, AD| GhPIIElel olX0)| KT W 9 AJ| TAT WS ZASHE 2
Q2 Taels AMBARXO) Y0, M) SAWS I X0 HFRHO0| TN Y= RE SHOR
510 Ciorel etel WBIZE EIE 4 93 UM B0 HS @l MHE BEg g &

HEE

£3

24l

Fog pres &8

12 Soe WRIZANAE PHS UHBARIES SAS PE AAL

T 2= HoS WHZANAE PHIE MHEBAIXE GAS OUE

%32 2 000 UE WHZAYIE THS AZBAYAS TAS 22 AANE.

T 4E D00 M2 WHFALKE PUE AYBAZIZE CAS DBE

THO F@ PR U 5o 4

11,110 HEHANY 13a,113a: a0 2t

13b, 113b:5t 22 15,116 M H =

17,1172 AT 19,119: C 2+t

21,121 BFAEE 3@y

123: 29 25,125 Hjj 01 2424 &HR)

130: AL H

oG AME £F

Dorg =23

Do) &5t JISFE0F 2 T 2019 FaWiE
=3

= Dole FTAIA(LCD)0N #8 HORA. B0 MABDIS MITHSS 510 ST YA T O
SN TEE MF ARl 28 A0/

Ol HEE CIABOIMN LEUE S o2 JIAD 0. PR @E 3 HESxe wae 08
8l STAPCAT), STl 2eigl FASINY HMA YL st S20| AAPEZ G0{YD DM
SEjJ} F2 BWHOR Lojgs SARALD), MHol HJFSH SH2 0/8Y UNHAAL. KA
S oof M3 AOIGIAS JIAl $A B 08 Betx0h BAXXHPR) S A2t 2 S0l Wt e 2
S0l CHUaPll AHEIT ATt

5-1

5-1

Hisense Exhibit 1002, Page 184 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



4! 1998-065685

OISOIM S S0l UHEHAIAKE GELS] HAIZEXO B AHHHO M), ZAHO2FH UEH 0127
DHAl Crekst 32| A0l Jhsoil, HAMHE S od gHz 748 £ N, HIY S0 JIsoHH
LSI(C-MOS) 2tef CIEIHIOl AT F6l 20|16t 52 AL I FYS H

g 5 Art

TR, SAEOl WNBAAKE I ARDJL MBS0 A8 HASIK R6tD ALRFE WS wot st
2 @Asls 2T YA} 022, O{T2 ROAE SIS AYY 4 l= SAHO AT 24N
R PAAKIS] IR0 WS Wl UIBIRAS HX|GI0] AHHAIARIS UHBOIM WS TAOZN, Of
T2 ROIME SN 2 4 UATS o1 Uk

0123 HMEAN 2K BB (back 1ight)0l OIBEE ZHRRAZS SRR NAHD, ol s
WISl Hypl, HUWL(ZI WS Sel dW, IANYBOILL HEAA Fyel W (oIS
(LED)OI I3t meraialo] U0t

12 Aes HiY 22 UFBANKY YLES WSRO UEHH MAISO0ICH

SO AT, MHBAYRE N MHBAMLODY WHBALX(25)2 0/ FOH UCH NHHA
()2 170 A2 WEO0l HAS0] Ak & ol JIW(13a,130) 2, &1 & 51RIIBH(13a.13b) ALojol
WSS MHB(5)2 THGIE  TEEZ SOUC. E5 I WHLARAEHIE YATE LS L0
NFIBIA D LSl RRAlE He B2 dre wANIE SEB(19Y, 4J SRW19)9 X0t o
SIG HAISION MIE PSS o) pojo] MS wash: Hamo(23)9), a)l SEES 4H U 5
Ol 2t2h SAHEI(17) 3 BRAHZH(21)O] SRISI0) QICH

AJl9h 20l RSO Q= UHHANK SALS Y 20| 01F0 A

HINE ZSWEe FTUD(3) s MIH HESH| HESsts Yol Ms LRASIEN o)) LE

. | SAT3)0 S0 AXS THEO9)e WO ZAEL, &I S2W(19)9) 80|

NS Y2 cZu(19)9 LR AMICH. aJ| SE(19)9 HEE AAME W &) =3E(19)9

AWO ARG AT o2t 252 MY AL E= Y] TZT(19)9f S0l fXE BIAL

THRDOA BPARE & &) SHME(IT7)0| SFAFECH &1 20| HMEA7)0 FAE 22 47 =g

(17) S SUSHHAN A0l &500 OIRD0 s BRTAME (1) sHRIIE(13b)0l FAIS W, AT
bl b

MBS oot WPIZAS ok

Aapl ulel 22 WOIZAZAA Q2 & b USRS RjE AR FFUT0IH LBE Yol 220]
Ch Dol g2amo) MAD|sy el 2ele] SIRMIE MXs|} oSO, UYst elel uju
e eODF @D 101 Wel WS Wslol AXEUR RHOIE NS0l MIIE S EAHO AC

O OIE ) BHE JlE=E AR

2 02 Mole 22 BHES HHoI 9ol
FeAS CUMORM, W S MIE S

TR
e
i
ra
o
o]
H
x
H

]
&
0
I
=)
2
e
0
o
=
o
N
[pal
3

K FE Y BE

aJle] BHES sty 9Bl 2 Dot2, ITOMS ME0| SA0] Qs & 5HPIITI, A7) & 6h5D)

o AOlOf NAHE 4FED, A sheIImel sfx0l AE ST U A)| SJWO| WE EAHE Y

2 wasts HHEAFO AOIM. I TS D Zvio] JENO TEEO U= AS SHoR

St 42| SEEIS FFEBWO L2AE 016tE 02T HHsein)

ol # Dot HPE OO TAE 2 AAGE IR L0 YA SYoIE B

£3 Gk 45 2 Do 2 WHTARKO] A OIANO THOICI. & 42 AP, HHTAY
T (110) 2 BRI (125) 2 01FOIM QACH & HALL(110)S IT0N mje

o

SI1EH(113a, 113b) 2F, &42] 2&F 3127|2H(113a,113b) ALOIOf JHXHE! HHEZ(115)E

TEols PEZ €0 UL 4D WEHBYRR()0E L2AW(119)0] OIS0l AW, AJl Caul
Zoi0] YARHO| TESO UCH 4| FASIS 2o MTHe| S0 OS50 ofols Zetel A
OIS A JI5510% Cuel: SASHO Yots YOZ MUE 4 o0k L5t )] SHWO B0

iaalo] 21X 2A(123)2 PH|ISID YACH. Or2d &) ERTO A0 5 sipol= 2t e (117)
<]

=2

HIE 22PS BA(12)ORFE WS W, oo M@ plel HIAMIL TEE Y ARDI(130)
S 510l c2AW19)0| YASCH. DN CHWUR SAE WS o) MUS ST Aelef, B
2 JINCH aUi9 22 LAAR YAE WS 4| cam
(19)2] atpiol SIX= SATI7)0 ol2to] 2tee AN SAENL T 47 cE(119)2 oigia) 7
A2 BATEH2D 0N SALE = AD] StuE (] B0} algl 2ol SATAIN0l FAE we
A7) NSNS SNGIDA HATI0| R0l DlEs0l ol WHTAML (11002 oI LH(113b)ol
ZAGIL. MHEHE S =

17919 Zif

ojatel ABoIAMLL 20l & Lot
1E o=zl U3W 42 FUE 20

8
rin
2
0
jis!
=
04
E
rr
tn
oy
=t
0
e
>
1
2
2
e}
10
Hu
rx
)
rm
[
o'}
lo
o
oy

5-2

5-2

Hisense Exhibit 1002, Page 185 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



£ 1998-065685

M SuEe YARHO SHSS BRI ks 0foE A02IE JHESEE st el ue
Ze 28 2

(57) B79 27
78 T

IT0H = E0l A0l 2 ke WA, 471 Asls JH Al HHE NYED, A7 s
of oi=0l AAKE Cam o Al
BRoTRH gAE WOl B3 of
NHHANFA.

o
3 EE X xm‘_ & E}EXI c o= H2 EXO 5=
7] c@uWol =0 A2 L0 A= AE SHLe= st
=72

Higol tolM. &
OﬁH

Ao o=

13a

15
13b

5-3

Hisense Exhibit 1002, Page 186 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Fop
"

o /
15 —__

Bb s P ;
17 S——
')9 / \\\\ ‘/’AO
21— \

25

5-4

5-4

2) 1998-065685

Hisense Exhibit 1002, Page 187 of 290

Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



b
'R
A

110

/ 1130
15
113
—— =X
19 —— V
21 = =
5-5
5-5

£11998-065685

Hisense Exhibit 1002, Page 188 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Page 1 of 31

W) FHBAFRICE SO TR A-ERHE

19) H R FT A EHES
EREER

(43) B BER
2007 ££12 A6 B (06.12.2007)

0000000 OO0 OO0 0

(10) BRSPS S
WO 2007/138724 Al

(21) EREHEES:
(22) EHEER:
(25) ERHEOSE:
(26) B ABOEE:
(30) BEET—4:

(51) ERE S E:

F21S 2/00 (2006.01)
F21V 8/00 (2006.01)
GOZF 1/13357 (2006.01)

HOIL 33/00 (2006.01)
GO2B 6/00 (2006.01)
F21Y 101702 (2006.01)

PCT/IP2006/323564

2006 11 A27 A (27.11.2006)
BAE

B

$FA2006-150250 2006 4E5 A30 H (30.05.2006) P

(71) HEA CREZBR<CETOEERIZOVNT): ¥v—7

¥R &1t (SHARP KABUSHIKI KAISHA) [JP/IP]; T
5458522 KR RRHFESR EihAr2 2% 228
Osaka (JP).

(72) FEEZ; B LU
(75) AF/HEAN CREIZDOWLWTOHA): LILRZ

(UEYAMA, Munetoshi).

(74) REBA: HEFRBEANRN - EFET7 2 K/~ —

X (IKEUCHI SATO & PARTNER PATENT ATTOR-
NEYS); 5306026 KA XKBEHIRXEZ1TH
8&#F30BOAPHT—2 68 Osaka (JP).

t3Y

(84)

&t

2

BEE (RTOZVRY. 2TOBROEREE
MTEHE): AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG,
BR,BW,BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK,
DM, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, 1L, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LV, LY, MA, MD,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK,
SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, ZA, ZM, ZW.

EEE (R TOLLRY., £ TOBREOLE{RENST
E): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD,
SL, 8Z, TZ, UG, ZM, ZW), 1—35 3 7 (AM, AZ, BY,
KG, KZ, MD, RU, TI, TM), 3 — 0 /% (AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,
IS, IT, LT, LU, LV, MC, NL, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

AREHE:
ERAEREE

Fa— FRUBOBEEICDLNTIE, EHRITIHAD

BPCTHE Y POBBICEFE I TS To— K EBBEE

DH

AFUR)—F) BB,

w0 2007/138724 A1 |00 00100 0

4rdb  4g

&éDéDMDDmDDﬁ_A

(54) Title: BACKLIGHT DEVICE AND DISPLAY DEVICE USING SAME

(54) READEFR: Nv o34 FEEB. RUCAZEAVERRER

(57) Abstract: In a backlight
device (2), an upper side region
and a lower side region are
arranged on the upper side and

the lower side of a light guide
plate (5) as arrangement regions
for arranging a plurality of light
emitting diodes (4), respectively.
Furthermore, in the upper side
region and the lower side region,
the light emitting diodes (4) are
~b arranged apart from each other so
that each light quantity is within
a prescribed range.

é'\___,z

4R R IRRZALCIES

4g 4r 4b

57 EH: Koo 54 %
B (2) I281T, BER
(5) OLBRUTAEIZRN
H4F—F (4) 2FhTh

HRETHHEREEE LTOLAERRUTRHERERITS, 5615, ChoO LAEERUTAMEES TR, REM
BEWCHECHBENETSESIT. BROBREIAA—F (4) £HBLTHET .

Hisense Exhibit 1002, Page 189 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138724 PCT/IJP2006/323564

[0001]

[0002]

[0003]

[0004]

[0005]

B M &
N7 T A NERE | RO ERW-RRER
Bt oy B

KEERIL, NI TANER | FRCHREL TORART AT —FEHTH 7T
HE ROINEHWERREBICET S,

BT

W, BIZ TG R TRERBIL, TEROT IV BRI THER, BERVOR/RE
EHTD7 TN TARATVALUC RGBT LY, B — SR EHFREICE
JESFIEN TS, ZOXIRIRBFREBIT, JERIT D0/ NEE L,
N 7T AMEEICRITONI RN DD I L v o ¥ — OB E RT3 & TRt
LEGZ RN T DR SRV EREZILTND,

Flo, LAY TANEEITIL, MIEREE CBRIRE 2572 DR IR AR L <
FNAOMITFET T T BB L e Ty DT A Mz 13 E FTAIOL O B4t T
B, LDBIZ, EROII B EEE SRS S TN TRY, BET I RIES
DIF AT NV EZATOEED Tz, 2T AKBEEHL THRWEIEY A4 —F (LED
)ESCIRIZ NN 7 FAMEBEAMEREN TS (Bl 203, 5582004 —211475
NHBH, ),

Fio, EFRAEROA Yy I TAMEE T, R E(R)  #FE(G), KUOFEB) 0% E
HERNTDBORET AT —FERIT T INLEZBOEXERETIIETH
BIERFTN, Eio, ZOWERD /Sy 7 FANMEE TIZ, BIRF A4 —FhbDH%E
R —2REL. EOBRBFEREEIIRGBOE RIS 44— RO EE
BT HILIZED, WS T BFENL A2 — N OFE R0 FE ORISR R 2 L2
AREEE LTV,

FH DR
FEA DRI L LS & HRE

LIAHT, LRDISBRFEAL AA—FTIL, TOREDOATYEBIEFICRENG

DThoTz, Thbb, BT A4 —F T, BECHR, HAVITLE. ERERK

Hisense Exhibit 1002, Page 190 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Page Jof 31

WO 2007/138724 PCT/JP2006/323564

[0006]

[0007]

£0008]

[0009]

[0010]

1B, FEASEOEBEORFHLE BRUMABEIL T, 0¥ EERM O LY
RFHER I E > THRBBEONRENE LI RRDERD oz, F, BHF A4 —F
T, BEHREOR ., R EEEOEBICLY, MR 28I~ TR
EREDDS R ELEZ BT LS D T,

D7z ERBOIN, WRDREHT AF—FERITHERO v 75N EE
I BT A — RO EDATYXCREFHSRBEOBICHSF R DL
ERL T, YHEROEFNS A4 —FOXREBTE— L7220 IR G2 (FhER)
NONNSEELTGPAECZNEVI AR D o7z, 2812, MGEFTEE COKE
E(LCEBE RS IR T BT A —FOBRBERE IS - o& 003, g
FOEMKR VTS BRBE OB KEILLY, SEOTRE —OIE (&b AL 3
HHFAF =R LRGBS A4 —NED I EE) PELLRELRBIEN T,
CORERPERD/Sy I FAMEBTIX, FEHS A4 —FOBRBREEINEE-Lxc
3 A DINTHEE LT N AET DOERGS 8B CHREER o7,

BB, BT AF—FTIE, — B, EERIZ TRFEENTIIELT, BER
WEREEZHELTEATIE AL, BT A4 —FORMERERL T, Nvr5
ANEBDARANT T RELDDEFSZENER BB D 8D HiT- 72 S %
RETLIBENNHoTZ,

LEEDOREEE S KRBT, BIF A —ROBRBERAEINEEDHLE T, ME
BELTDRELISTENTED NI TANERE, RO hE V- RoREE 1R
THIEEEHIET A,

RREZE R T BT D DT B

LD BRIE R T DD, AR D/ v T NERIT, BEOR IS
AZ—FRE&,

HWIZERDEFTICRESNDLLDIZ, FIREROWT N OB A+ —FE
BETOERORE FILEEE L.

AT OR BRIR TIX. BB EWICHTEOHEERNEREI, BTEEED
RIF AT —FEFBLTREL OB EEFHETILDTHS,

EROIDTHERINI A I TAVEB TIE, BNFAZ —FORBEBRBI AT

Hisense Exhibit 1002, Page 191 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138724 , ) Page 4 of 31

WO 2007/138724 PCT/JP2006/323564

RIGHEBOEFTICRESIL D, £, BEROBEER T, XESEVICHT
EOFAWLRDINC, L A4 —FBREBEINTND, ZHIC KD, _EE0Ek 4l
ERIPY | BT AT —FOFRBHEEMETHLE T, Ny IFAMEBH LI
FEHENDIIT, BT A4 —FHEORED ATV ELFEBEEOE IR T3
VEE LT PNAELDDESZENTES,

[0011]  FEf=, LEEAYITANEBITEB T, BIEERCH A4 —F & S 4T ERE) 4 A BREN[E]
HAAE 2 DLEBIT,

BEEORERBERIL, ATRERENY A4 —F SRIEEBIER I L - TR T ERE X
NICLEDBRESAZNT, VIR RBEFICRESIL OB ESFELL,

[0012] ZoHE, BEREFEILTIL, ZOEESAPITBINIRET, IS 44— R0
HYNCRESNDOT, EREFRCONBEEZEZICFIEOHBNETEIENT
EDo ZHITLY, R EFECORES NP RARDHETH, SME~ DI A
TIBRAELDDEREFRIFS ZENTED,

[0013]  F=, LRV ITANERBICRWT, BTEREROBR BRI, A mEEIc T4
LIeBNC I DR LR 2 B ATEIRIBE Y AiE AT, EVICRARDEFTICRE
SHThLVY,

(0014] ZDHE | SEEENOORABCER T 2E RS LB OB B fe =0 HE
BRUZZIRIEC, SR EFEN COREZLVA R ICHIEOFBANL 22T, 4
EADNNEE LT NECDOE LVFEFEICHHS LR TES,

[0015]  Fr=, LEAVITANEBIZEW T, BIRERORBEEIL. FAREICBWT
EABERT2ME G CONMEBER VN ERDEFTICER ESN TOAI LB %
Ly,

[0016] ZD%HE ., EROREEBIIEROKEAREBIOSC T LERME TR TENWCR
RONMBICRESNAZLLRD  FEHAINDEXIIRAETHEO B RHRICER
DA~ DICOMEE LT DRAHEMEFRITPHSZENTED,

[0017]  FFo, KRR ITANEBICRWT, BT EMOBREEE T, RESNDLR®
FAF—FOEEEZEICET ALY, BT ERE VT EDHERL S
TH IV,

g

fra)

Hisense Exhibit 1002, Page 192 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Pace § of 314

WO 2007/138724 PCT/JP2006/323564

[0018]

[0019]

[0020]

£0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

ZDHE BT A — RO BRMEE F— Uz s&Th, BROREE
B COE RO EA R EIATIZENS ATREL 72D, L3O AT DI ARSI A Fe
EIZ DOBRBIATHZENTES,

Flo, ERAYIFANERBICE W, B EROBREEE T, RBEShARE
FAF—FOFHEDOKRESEEVNIE R THILICEY, BT ERE VST ED
FEANESITHEN,

IDHE, BREOXREEE CORNY A4 —FOFIAMEED M E(LEZ Y>>
HEREEREIATIZEN CE, FIUEE LT OB ARSI ARSI, HOREIC
ITHTEDTES,

Fo, RSy IIANERBICRWT, BB ORBERE CIL. RESNAR L
FAA =P~ DOUIGEIEE BVNCEE 35281230, B SEREWVICETED
ARSI THEV,

OHBE ., SRR BT RIITIZ LN TE, LIEE LT OIAER 14
IDHERIZATHZENTED,

o, LRV IIANERICB T, BIEE R OR AL A4 —ioid, B arnE
WL ERRDEHREFORNS A4 —FRE T ThL,

IO%E. ARDNEFR A TIABORNL A4 —REHOLBE I~
5 LR BOBMELR ESFIILNTE, BESTRE DRI RBAICEN
NI TANEEERG TR TN TED,

Fo, EREAYITAMERBICRB VT, BB OB IS A4 —NiTid, RE, e
BRUFEDOKEENENRENTHRE, E, ROECOFENL AT —FREE
WTNWDLZEDIFEL,

ZOBE, R, e, ROFAOSRELAOCHMERF LSRIILRTE, XY
ENT IOy 7T A NEBE BBV T HIENTES,

Fio, ERAYIIATERIZI T, RIS ORI TIT, BRSO
FAZ—FDOG | REDKEFE NS DRADR IS A4 — PO, FHmn R
& LG ERMEO RE SO/ Eb— 2 AVNCEETAILICLD, FREHkD
SERNEICHTE DTN LS TWAZERFELL,

Hisense Exhibit 1002, Page 193 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Foae & of 31

WO 2007/138724 PCT/JP2006/323564

[0028]

[0029]

[0030]

[0031]

[0032]
[0033]

[0034]

[0035]

[0036]

[0037]

ZOBE BEOREER CIIARREOEBIIST TRATHER P EI
HELEWIREADFE LY AZ—RIZXIL T, EOREHDONENE VT EDE
BNESNTWDDT, LEEBELTORARILATERIC, DOBHIATIZENT
&0, Lb, Nyl T A MEBOFENAN (BESH) 2 LVA SR LESEH2 85
TED,

Fiz, LRSI TAMNEBIZIWT, AIEEERORE R T, Sa0RERL
TOMBDRENLY (A —NOMEE, FEHEOREX, RO ERBEOREEDD
2EL DR EWVCEETHIECED | BANOIENENIFTEOH AN LS
WTNDIEBFFELL,

ZOBE . EHEORBER TIX ERRRAOR IS A4 =Rz <, AEEED
EENBC TR ER OHBEB B SV R EOFE IS (4 —RITxL
T EDORENONES BT EOHBENLIN TNADT, LIDEE LT DI
ARG Z INFEFEITATIZEN TED, Livh, /A7 I NERB OIS AL (B ST
VEXVESIC N XD ENTED,

o, EREASYIIANERBICRWT, BIEROBRE BT, AENEVICET
EOREANESILTOBIERFELL,

ZOBE . KVENT RIS O NI TANEB IR THILNTES,

Fiz, ERAYTTANERIZRBWC, BIRCEBOR L A4 — RO 8 AE
DGR EiE 2 Thd,

ZD%E, LRUEE LT ORAPHERIIPN =y CT AN DRy 7T A NER
AT DT L FTREE 2D BEULENT- N\ I TA NEB AR B ITIBHZ N TED

o, ERAYITANEBIZBW T, BIRREROR T A4 —F T, FLmss
RREPIE U TER EICRBEIN ThEN,

ZO%HE, LREEE AT ORAERHERICBNIE FERO Ny 7T A NEB R
FTHILNTE, BEESNT NI TANEBE RSB EILNTED,

Flo, AFBHAORTFIERIT, RRHEHA LR TRERE THo T,

ATEERTAEICIL. LR TROD Sy 7T NEBMLO N BRSNA L2k

Hisense Exhibit 1002, Page 194 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



YW 20071138724 Page 7 of 21

WO 2007/138724 PCT/JP2006/323564

METHLDTHS,

[0038]  EREDIIICHER SN FRERE TIE, BHRE A A —FORBEEEMIEDLx
Th, BE LT ORAZRPS ZEWTRER w7 FA MEB DDA TR B S
TONBDT, YR FBOBBEE LR CRERLEE 72 & Th, BRI
BN R REE RS R T B LN TES,

FEHDRNR

[0039]  AFEBICIAUL, FEHS A4 —FORBREHMEEHLETH, WELTORAE
ERCIENTED Y FANER , ROTNE V- FoREB R A2 L8 7]
BBL72D,

B O B2 R A

[0040] [RIIAFEADE 1O EMEHREITHD D/ 807 A NER R OGS F R EE L3R

BRI THD,

[R2IK LR U S 7 FA NEB O B R Z R PR ThH 5,

(MBI 21T R U Iz F S A A — R DR E RN D B BI% 73757 Ch b,
[R4IAFE A D 2D LTI D DD\ 7 FA NER OB L =~ EE T

0B,

(RISIAFER D FE3DEIEIERE 3D/ 7 T A NER | WK TR EB ZFHF
A THD,

(R6]JHSITRLIc Ry 7 FANRBITRIT RS A4 — R OB %~ FREE T
0D,

(BTIAFERAD FAD RREIEHRIT 03035/ 0 7 FA NEBILBITAF NS A4 —F Dfd
EflERTEHERKTHD,

(HI8IAFE DS D ERETZREIZ D35/ 0 7T A NEBIZRIT BRI A4 —F DFS
BEERTEER THD,
FBALERTH-OOFEBDOFEE

[0041]  BUF, RIEEHD A IFAMERE, ROZhEAWERREBOIFELWEMTF iR
[ZOWT, HEEZRBURALIRIAT 2, 28, LT OTRATIE, ARHALE R
DWRBHFREBICHEA LGS E2HIRUGRIAT 3,

Hisense Exhibit 1002, Page 195 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



YV 20077138724

Pace 8 of 31

WO 2007/138724 PCT/IP2006/323564

[0042]

[0043]

[0044]

(510 F T RE]

M 1IAFERADE 1O EMILRBIZDND 07T A NER I ONE 6 TR 2505
FTHERKITHY, K2R URU Iz w7 T A NEB OB A= 3 L EE
DD, H K UR2ICINT, KEMEHRETIT, BEADONITANEB2L, Ryy
TANEB 2 DLD AR SNDRTEEL TOWELSFVIERRITHNTEY,
TNy 7T AMNEB 2L AL SRV 3R BRR O L R RER 1L L T—iK kX
TG,

RoZFANEB2IT, LU TOBBDIENS A4 —RAl  BEOR RIS A4
—RADEDNBRFEASNDE AR LA 2 TR, BIARS DB SRV
EEARDBIDCE AT 2I01070 5TV D, F72, NorI/MEB2TIT, kD
FEHT AL —RAIE 20 BIR T HENC, EHAREICKIL ., BRI 200 LK% OV F Rl
TENEES N HAEERE Y TSRO W —FORLF A4 — 4D
RERBRICRITON TV D, Znbo LAfER s MRS 1, &R SR 31T 5k T
b F R (BIRE) OFE 7 1 TO A5 M OV AR5 F Ve dust a4
DI, MR R TFEBLIONEICHEAAENS, 72, Zh b ERIGEEE FafEEe
3 REFRER 1O AR C, EABMEATA8E 1A O KR ORI
KENTNEESNDIDNR->TRY, YRS R REB 1O A TOEE 5
A QR B F400) BBV Rz > Td GERIIE R, ),

o BROFENL A4 —F420%, R (R), #E(G), RUHEB)0xExEh
TNFHNTHORE, R, ROFADORNS A4 —R4dr, 4g, R U4bMEER TV
Do Flo, INDDMRE, fka, ROFROFENXT A4 —4r, 4g, R U4bit, E212
N F U TR N TF T ROTRAANF U TCENENRREL TV (1418
DE4, X6, H7, RUBE8IZBWTHFAK, ). EHIZ, INLOMRE, ki, RO
BRI AF—F4r, 4g, K UAb T, BICHERTBI51T, EILRBIZ A
TRIEESNDIEED HAIBEEE TRISERE CRWICFTEOFEN L 255512, =
RITRIR TORELKE TRISHR CORBEH LN R HEBRESILTVD, L,
K2 T, REDOEHEBLDT=DIZ, AL AF—F4r, 4g, R UAbDOK R B HEHE
BEORLUTRLTDS (RBOM4AK D6 T ERBIZR WO Th R, ). 28, #lx

Hisense Exhibit 1002, Page 196 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Page 9 of 31

WO 2007/138724 PCT/JP2006/323564

[0045]

[0046]

[0047]

[0048]

[0049]

A 204 F LA LOBREFRAREEB 1O AL, T A4 —F4r, 4g. K4
b BRI 723 B AT« $-HE B TH D,

o W FRTRERE 1T RS SRV 3EE IR ORI, B2 IE R —16
TURL(ERH) =17, ROPEH S — R8BSR BENTEY, ZhbDRF —he
ST AT TAMEE NGO FFRRBEOEE RS BEEIThI T, i
RN BDOFERMERER T LS DI 25TV,

T MR FORIEE LTI, RS RV SIS ik LB (RRH9) SFPC (FI
exible Printed Circuit) 9%/ 7ES8 CERENFIHIEI B 101 BRI L CRY, M E%ERE)
IR 108 L FHK 5 8 4 T 58 BAL I BREh AT REL A RS Q5 7z, BREN I
HEIE101E, CPUFOEREMEMA TRY, BERELTEL, NvrI(1EE 20
AEIREICE TN TS, Fe, BRENRISEIE R 100X, LR T591C, Ay 254%
WE20E AR OEMIT, B2 1F EFE FABEIROE BB T b TV 5, o
FY, SREVHIEIRI B 1003, EIARS DR/ SHNV 3O RRERIT, LT RE D
BH M- T LEEAE F RO AR EBIh T 5,

F7z, BRENHIEI RIS 10D BB IL, B DFEIS A4 — R 4% SUTBRE) 3 2 BKE)
EIFEE LT RATERENEIE 1 103, B2 8B 5 1 oo _H{lE FRIE o F SR,
BYRBDBEMNIREBIN TWD, ZO SUTBRBIEI B 1 11T, AL 14 —F4
~OBFEER T DEIRENERFEIS A AN 4B 0 mUAT BREDZ Hi -4 5 1 4 (
IC)F o7 RENEFNTEY, BT AA—RALLHIT, Ny 7T NERB 20 D R 2
TREMEL T D,

EEARSITIX, BT EI T ZUNVEIE 2 OSBRSS TWS, $72,
AR5 T, BINZBIR T 258902, B R Ob OB E RS TV 5, 2L T,
ZOEFMRSTIE, B LRSS R O T RIERO R RIL A F —RAhb0 k4
BRI R O MM ) U CTENEN AR S D, Z0%, EERG T, didks
— h8IZxt AIFCE S 72 R E A DR B AN MK &/ SRV BIZ IR Ao T S D,

BT, BRASEERR O F RO ST A4 — R4k O A5 RR L
ROERIINAINTRY, FRET A4 —RADDD I, SER~D RN IR
BI3 LT RBE T, P45 AT 7213 TR 2> DR s DN ERIC kL, B

Hisense Exhibit 1002, Page 197 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138724

Pace 10 of 31

WO 2007/138724 PCT/JP2006/323564

(0050]

[0051]

[0052]

(0053]

B EIXI 7L 72— MRS TSR LEASN DI o TND
o ZIUTED, NI FANEB2TIE, BRNFAZ —RADKFIN B REEF M L
EHDZZENTE, LREBIDEOSEE (L HEICKOZLNTED,

F7o, NI TANEB 2T, B A A —F4DOREHE TH 5 L5 LAIFHK
OISR AT R ER 1O AR CORESMEHNT, AWIIERDE
FHCRRESN TOD, BRIV, Sy 77 A NEB 2 Tt AT R ER 106 A
B GO LRERNBOBE A NERE I I2b—tar LIt i > TFOR
HHENTRY, RAFTEE1OFHARIC EFEMNEF MO HMlCERESNS LRIHE
D TTERE T MO FRNCEEES L5 TRISEERIC 2, 21X 10~15CRER
EOBEVER THLIENFHIDBEIN QD DFD, IREF TR 1O AR

T, HASEIR OB EIEZ ONEII R BSR4 —R4ADb DT T/
. FRISEROBREIN R AF A4 — N4, BEEIRIBIEIE 10, KO ATBREN AI#E 1
LB OFRBAD A (FAD B ARSI 1280, TMUSEROBA I~ EFE10~15TC
FREDRE EENAT CNBIERTOHBIEN T, EHRFCORESMA AT
F72% PAGIR & O FRIGIRE L CRIESIVTV D,

Fio, BEOBNT A4 R4, ERUL72E9I2 RCGBOZBEN LTI TR
YH AA4 —Rdr, g, AbBEENTEY, ZOE KRS T, EASHZRGBOE/&A
FeEFBERITEALT, YRAGKE LR EEALRELLLTHIETHEIC
7o TND, ZIUTED, NorTANERB2TIX, R AMZm Exw, 7V
BT — B B IR A YR i R S L BIC A ST S BT LM T RESRY | sk /S %
NVB3DRR AL B[R B TED,

Fio BEROBIE AT —FATIE, Wk 3D RESR YL AL F 3T
BER SN HIRE R R B EORRMERER LIS T RGBOEA RIS A4 —F4
1, 4g. AbDFRBECREE, T AREIERIN TS, BRI ZIE, FRIESY
AF—=R4ZIE, BIZIEHBEADIWRE O/ U —LEDH D E70mWFEEDTH
BEHOF T LEDBREEMEASNDIIN/2oT0D,

EBIZ, N T/ NEB 2T, HABEER A CTMUSER CoOF/IRESHE AT,
b0 ERIGEE & OV M EIREIRA s HE AR SIZ [ Ao TR SO MBS BV NIET

Hisense Exhibit 1002, Page 198 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



VW 200771387

24

ane 34: of 314

24

WO 2007/138724

[0054]

[0055]

[0056]

PCT/JP2006/323564

EOFEMNELR DI, RS E O T RIEEOR 2 ICBWTHE KL A4 —R4r
L 4g, dbDEBREE AR ESNTND, ZHUCED, NulZ A NEB2 T, iR F
B 1O R IN T, IRE S 3 B2 D EAIREE K O T ISR T ot %Ay
BRHBELZTEDFMENEL T, LRRBITEELTZBRELLOEBARIT 545
2725 TND,

Tibb, Ny IIAMNEB2TIL, BAF AT —NEOHED AT (RGEED
HEATYX) BHLGHE T, £O/T X MHEE FEF) S350z, HAGEE &
O TRSERIC AU C, FBOFENT A4 —F4r, 4g, AbSEINZ S EEh TR E S
TS, Fo, FORDOLNIRE R TR 1O AR TO LRISEIR L O Al6E
WTORIBESACEDNT, LSRR O F RIS Co A FRE OfEEIC
HBFAEEBELZRNINC, Bk ERAGEER O T RISEE COR LS A4 —F4r,
4g. 4AbDOBRELEIIEDHIL TS,

BRI R, FIEF A — R4k, AFRREICISU T, BEENEL TR
BHET D, Te, BT A4 —RATIL, ZOFNEOFEE, DFVEEORE
FIZRY, AERE IR A NDER OHBEOEEOEENRELRS, T2bb
BEIBIZBRTBINIC, HIR(25°C) DEEDNEE1ELIZEEC, FEDFNL A
Z—=F T, #AR50ric TR I, AERE S &E<RHIC 20T, FLHEIME
TLT MEXEE CER)BIE T 5, 72, MEBDOFRIS A4 —FCrk, #i#R50gi2
ORI, ABIRERERHITON T, FAESEFTE LT, 3 EED
EFET 5, —F5,. FEAUBE U AR) OFIET A4 —F T, f#R50bKk
OHIBRSOWIZ TEALEAL R 85I, BARRBRERSE DI 2N T, BB IME
DNZIA EU T ARG EDNT R EL 2D,

T, N7 TAMNER 2T, BI2IZHIRT2E512, REORNF A4 —RN4rD
WERL, WERREB1OEMARIEIE Ths TlEELIS ., @R TH2 LAl
TIRD T 3% DLIELE SV TEY, AR CORELOIEDN HASHIER KR
TR CRTE DFBN LI TS, T, [FBRIZ, MBOFR L A4 —FRag Kk
UFBDFENLL AF—FAbF 2 1TV Th, KIS RUIREREIZIET T, B4l
IR O T RIS CORBEIEH O, FAR TORELRPFERONE

Hisense Exhibit 1002, Page 199 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 20077136724 Page 12 of 31

WO 2007/138724 PCT/JP2006/323564

11

23 _BARISENR M O N RIBE I TR E OFERH N & STV B,

[0057] LA EDISITHERREI-ARERIZRE TIL, BT A4 —FNADRE LU T, &
E RN ERE 1O HFCORESABENIC RS AR, O FIEEAS S &
ENTVD, Fo, BROBR B CIL, KEREVICFTEOFBNL25L912,
BT AT —RABRBEEINTND, ZHICED, KRERBFRETIL, Lot ke b R
D, BT AT —RAOREE A HMEFDHLETH, Ny 7T NEB 2L ERIZ 5
HENDMIPICIT, I A —FEOKEDOATYX DB MBSO L ICER
DREE LT IECDDERI ZENCED, Fio, TOIINC, BHL A4 —FAORE
BN DEETH, E LT OREBH RN I TANERB 2A AL LT
IO RERTERETIE, ISRV (RREB) 3O EEE LR Rl Fib 2R -7k
ETH, B ERICENREFREBLIEZF S IR THIENTES,

[0058] (B2 k]

H4i3, AFEROFE 2D EMIERRICH» DD/ 07 7A NEB O B2~ K
B THD, KICIT, REMIEE FFEH 10K RES O & AT, Bk
R SO ZEAAMAITE B OV RHANTE S ER D ZE VS A4 — R &SR L TIRB LI A THS
o TRB, LEEBIOERHRLLBETLIERIC OV, AUHSENLT, #0E
BLUICHAZAERE T 2.

[0059] FYebb, BATFRT LSS, REMHERE TIL, BEROBKXL A4 —R4BNEIARS
O A AR B OV MR E L2 et i U CRR R S 3L TIs Y, 2 b oo = (A A M OV 1!
RIEDIEEENARSONIIZE AT HIN 2> TN D, £z, WHARS T, K5
FRIEB 1OEARHC T, K40 AR 23 LR E F 1R 0 HEE /251517,
N7 TANEB2WIZEAIAEN TRY, REMBHEETIE, K40 = F R0 R
WMEFER LT, IS A —FADR BRI AN E USRI TR E
SNTVD, DFED, ZbO HAGEELE TRISEERE 1T, B 1O EBGRELFREC, BE
BHIHEERI0DRE LS5 8 A AR TEEB1OE AR COEE FHEY
AVWTEDONTEY, EWZRREPNCRESN TN,

[0060]  F7z, REMHRE T, FE1ORBER AL, BRISEE R O FRIGERD 5
HARBIZIAD > THHSND B BV NIFTEOFEN 25591, HAIsER K&

Hisense Exhibit 1002, Page 200 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



YO 20071138724

WO 2007/138724 PCT/IP2006/323564

[0061]

[0062]

[0063]

[0064]

12

O MBI D 2 [CBW TS A4 —F4r, 4g, AbOFR R EHE SR ESH TN
Be Pl KA T IO, REDFEF A4 —RArDBRBEA, WL T RER
1D FRFITARIR Th 2D THIBEER LD iR Th2 ERISEIRD %5558
BENTEY, HHRFTOREXO K ED _LAIGEEE O TAGEE TR E D& BN
LS TWB,

LLEDINC, AERIZRETIX, 1O EMFRERLFERKIC, AR REE1OME A
BRICRWCOIRE MRS HAIGEE K O T RISEER COMII R B EEFTE
DFFANEL TNDDT, F1DOEERREL FRRVER - REETHILNTES,

(B 3D HE]

X SIIAFERDE 3D FEHIZREICD N DN 07 TANER K OVR S TR B 27
TOEARTHY, B6IIRSIC R LISy 7T A NEBICBITAF NS A4 —FDE
Bl ERK THD, BN T, RERFRS EERE20E R REDOER
BRI, BROFNI A A — N B SRV O T HRNCRB LA FTEID Sy
FTANEBLBRA L JTHD, 1ok, LEFE20E kL ILETHIERICONT
WL, FICH 2L T, EOEBELCHAZER T2,

Trbb, BISITR T IOIC, REMARETIL, BEOFNS A4 — R 4T LHE
BUZSBA A LA R D —R 120N FIIDIESILTWD, Fio, 7 —A1208 O
NI, YL — 8DV, FEBUR 1 373 M 5% D% ES IDIZER B SN TV
Do TL T, AERIERE T, EARSE MR o UV IFA ML DR I T AN EE L R
720 BFNS A —NADFENE R EIMREE M EI T D872 RSV (3
&) 31Tt LT, EMR EICRES B TR DAY/ I N EB RSN TS

Fie, B6IZHIRT HIDI0, HHOF AL A4 —R4iX, K60 ETFHAT4FNT
WA_REH TEREIILTREY, FINNRFEAY A4 —FAORBER IR ESNL TS,
DOFEY, REREETIX, 12 IXH6IZREIYICORT _LFEEE H IR0 Tl2s -
RliCimd>Hm (0F), BAOERFREZHOTE)ICHR-T, H1, #H2, 53
R UBADRBRIBMAREIN TS, Fo, ZNLHOFE 1 ~HEADORBEEIRIX, K
PR NER 1O R BIT Ay — R 1 20 NENEE SRz TR ESNIZL DT

o

Hisense Exhibit 1002, Page 201 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138754

WO 2007/138724 PCT/JP2006/323564

[0065]

[0066]

(0067]

[0068]

[0069]

13

&Y., & NFIDOEIOFREEIL CORE LA RLEBOMEE THY, 2, 3. &
UH4AOREBEROIEE CRE EAREROERES TS,

o, REBEERTIE, LRUEBFRELFEIRIC, H1~FH40ZBEERO LIS
FN BN D> THEASNDH BB AV EDFBENL 251910, H1~HaD
R BB 2 IZRBWTRHY A4 —F4r, 4g, AbDOFRHBEBNRESIL TS,
BT, BRI, IREDR KL A —FArDOR BN, WRFEREB1O
EARFCEIR THL T A RIOEB LV SR Tha EHRIOED 134725 K
SEEENTRY, AR TORENOXENE L~ FAORBEL CHEVICETE
DFFANESH TS,

PLEDISIZ, AEBRECIE, EREEBREFRKIC, KAEITTEE 1O A
FHIR W, BESPRZDE 1~ FAOR BEEIR COMM R BELFTIED
FHENELTWDDT, LRREHEH LR - REETHIENTES,

[EEADE -]

K703, AFEROEADERHRRIZH 0D/ 7 TANEBIZEBIT DR NS AF—F
DEEFZ 7~ HB Th D, BIZRW T, KREMF IR EFRFE3OEEIELD
FERAERIE, I —AOWNERE SIS C T, B OF R B TORNES A4
—FORESBEER LR TS, 70k, LREIOEMPIELLETHERIC
SV, FCHEEMAL T, 20 ERLAHAZEE T 5.

TRPL, MR IO, AEBHETIX BEROENL A4 —F41X, BT
DFIOREEIR CTORNL A4 —FADBR BRI (OFD, XA A4 —N4r, 4g,
AbDF BB DG B—FB DRV BICRESN TS, ZL T, IR FRERE
1OERFFCRBTHIRE EFRERBII N T AL A A —FADRBREIIHY
MENTND, 37205, 2, 53, KUOFEADRBEIKR CORKS A —FADFHR
BEREPZOIEE CIER RS TVD,

o, REBZETIE, L3I0 EMRELFRRKIC, B1~HADOREHEEI D
WSR3 A TR SN D ENEVICFTEDFHENERBI57, B~
FHADREBIRDF 2 ([ZBWTHENY AF—F4r, 4g, AbDOFRBEBHRESNT
WD BIZIE, BI7IZRT IS, FREDFELT A4 —RArORBEEAN, IHHFTE

Hisense Exhibit 1002, Page 202 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 20071138724

Fane 18

’)
iy

WO 2007/138724 PCT/JP2006/323564

[0070]

[0071]

[0072]

[0073]

14

E1OM HRRIRIE THhD N ARIMEREIDS . iR Tha EHRIOERD 5234
BHIDEESNTEY, HHRFTORENDOLENE~FHAOBRBEERTH N
(CRTE DR A EZL TN D,

LLEDIDIT, AR TIE, LREB30ERF LK, MRR T ER 10
FEARFZIR VT IR ES A RS~ FADR BRI COMM IR B Z T
FEDOFANELTNED T, LEHE30ERF LR ER IR ETET AT LM
T&ED, Fo. BI~FAOBZ R BRI CORNL A4 —RADFZBRIEr— 212
DOWNERRE SAIRC T, BIRL TWAOT, KEMEFREIL, E30EEHELLE

SRR EB 1 OERRCRIT D — A1 20 NEBE S BN IEL, 10
BEREREFAORBERIRE DR EEN KIS DIZEVAEZITHIGL T, L3EHEA
SR A B RAT B0 TES,

[ 555D E i fE)

X8I, KFEEDESDOERMIEHEIC DD/ 07 TANEBIZRBIT DN L A4 —F
DEEFIZF T FEN ThHD, KB\ T, AEMFRES LRSS0 EMERELD
ELHERIT, BEOBRBRIKCORILS A4 —FOEHEEERT 5DV, 2
HEAT —FORNEDORESEEETHILICED, INHLORBEBFERTON &L
HWICHTEDFRNE LI R THD, 7236, LRFE3DERFELILIETIEREIC
DWW, FCH S LT, TOEBLEHBZAEK T,

Fhabb, MBI T IO, REMMIEETIX, BEOFENL A4 —N413, 8D
ETFHRTFNCE ~HNTRESN TRY, FIIBR IS A4 —R4DFRBEERIC
BRESILVTCND, DED, REMHE T, PIXIERSIZRAYICGRT LR E
RO RIS BN E 2D A (DFD, EAOIER B REXRS OF ) i ->T

VB2, H8. B4, RUESORBHEEARESNTND, Tz, ZhbE1~%

DOREMEIL, KRR TEEL1OEHRCRIT D7 — A1 20 NERE S fx

ICRESNTZHOTHY, HF FHIOEIDOREER TORE FENELIKIBEOER
THY, 2, 53, H4, KUESORBHEKOIAE CIRE EHAEROERESN
T3,

Fio, ARMERETI, 1~ FEEDRE RIR LIS RV BITIAh > THIEE

Hisense Exhibit 1002, Page 203 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 20077135724

WO 2007/138724 PCT/IP2006/323564

[0074]

[0075]

[0076]

[0077]

[0078]

NONEVDAEWVICHTEDEHEN LD, F1~FES5ORBEHEILDE 2 (2T
RS A A —F4r, 4g, bDOFFHEDOKESINRESN TS, BERIZIE, &
RIEFRETI, BIAE, RISITRT IO, FREDRNY A4 —R4rici T, %k
EDRESVBELRDBMPMER SN TS, DFD, ZORNF A4 —F4rCit, e
RNAFF (RETF V7)) OBEAREET D, HI2E1 v —PICBEBEDRET
TREENTZ, WVDWDRY)—A T (3inl) RT 4 —A2T (4in1) EDLEDTF v
THAX GER B BRER2DLOBMEHIN WS, LT, RISITRLEZESIC,
RELF R 1O ARIURIR TH D FHRIOBEEE, EiEThs L HlD4E
MOTGRFEAEDORENSDPRBEINT LA COREBIOLENE1~ES
DIRERILTHVNIFTEDFIFAN LN TS,

VU ED IS, RERERE T, LR LRI, AR REE 1O 1
BRIV T ORESANRRRLE 1~ HB5ORBER COMIM AR BELFTED
HEANLL 20T, LIREERERERERIER S RE2FTHIENTES,

i, LEEDOEMFEIZ T TR Th-o THIBAIZRL O TRV, AT DR
PIREPH I IR R A R OFEFHIZ Lo TRES L, TSRS NI B E DR A
DG TOEELATE A OFEAMTRIFFICE FND,

PIZIE, EEEORA TR, ARALERMOREFREBICEA LB OIS
WCRRBILIZR, ARRD Ay 7 FAMEBIZZ T RESNDH O TR JEEO
HERHLT, Bifg, XFREDERER T T DRI OL T MR -5 R
NERBITE T T AIENTED, BRI, RE RS AR O R R TR,
HOWNIIT T a =/ a EORERFRREBICARPED I IA NEB LT E
WL LR TES,

Fio, ERROTALISMC, KRBT, LNV BEEICEE RT3y AT
HOVITEERTFICHERF L TRBEZLELSTIHDDIA MR 720, B
BN ORBEE R E IR BINDILESERTANT v /T HRICEB Dy IS5/ E
BLLTHBEIC N DIENTED,

Fio, LEROBIATIEL, RRE PR E S RINEATER2 DI B SN DG R
FEICKRER R LIRS OV TR LA, AR E 5 At LCHT

Hisense Exhibit 1002, Page 204 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



W 20077138724

Fage 17 of 31

WO 2007/138724 PCT/JP2006/323564

[0079]

(0080]

£0081]

[0082]

16

EA BRI OISR ARHE A il dm F R EBICEAT AL TES,

Fo, FREOHRPA T, AR TEROERETORESAE VT, BT 1
A—RORBEEREEERETIHEIC OV THALEZY, AREIZE VIR
BT OB BEFEREHRETIELLIC, CNORBEE TORERLVIETE
DN LD, BEO BT A4 —FE 5L TRETIHOThHII Mg
BRE SRV,

L., EREERIZRED I, B A4 — R M AATBRENE R (BFEIEEE) o ko T
RITEREB SN 2L E CORE DAL AT, AV B 2B NCEROREEIEE
BIETDHEDHPLIFEL, T72bb, ZOINTHERLIZHE L, FREER
ZBWT, ZDREDAPIERES VR T, BH A4 — PR BEYNCRBEBIND
o ZORER, HSREFIR TORE DA RILDHE TH, SMF~DNK (EI) (o8
FELIBELLDEHEIISIEN TEDNLTHD,

Eblz, ERFEMIED I, R SRV OBREHIHIEI R (SRR 12 TH4A
LB DIE LA SEEAVERESAE AT, EVICERS BN E RO
BRESERETHHADOHBIVFEL, DEY, ZOBEITIL, SMREENSD
FARTERT5AFRELB OB B HFIHRLUIIRE T, SRERRT
DIEEIVES CHEOFKENL THZENTFEERY, B OEE LT DISAE
IR ZER TELNLTHD, BV HANIT, B ORBEERIT, v
TAMER BRDBARRINCE THFERS A4 —FEORBIE (NER) 7215 T72<
< Y7 TANE B DA FN DI SRR OFEE (S ICER T 5IR
ELASLEAICRESHEZRVT, ENCRRAEFTNCRESNLAIEERY, %
BRI TOIEERELITIRIC, SMELOER B2 LM EICHER T2 A T £
Ly,

Fo, LRROBHATIE, Ny 7T A MEBOIMBIEE L L T/ 3V OBRE
B 2R LI BB DWW TRBAL 723, AR O/TEBIIZ I RESTSY
DTII7R AMRIRIEITII Ay 7 T A MEBITHEE RO T B30T, AR EAE 3
AU THRMIRZERT 5B EERTS, BREBENEEN5, REMIZI, iEH
PN E ENTe— R O— T OB EICRESNBRTANRICO BB LBIERE L

Hisense Exhibit 1002, Page 205 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



“age 18 of 31

‘WO 2007/138724 PCT/IP2006/323564

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

17

ANEEE LT, BROREFRERET HILLTES,

Fre, FREOTH TR BRORBEERICBO T, RESNAERT A4 —FDHE
BEIIBAEDOREIEAEWVICEE TAZLICEY | M7 Y B2 2 BT E O #5
RETDHEICOWTHIALES | AL NIZREE Db O Tl B0
REFRICBO T, RESHABERT AP~ ERIEEZEVICER 450
LIZED LB EWCFTEDFHNE T A TH LW, F7o, EE O R B E
TOMEE, FHEDORES, ROBREBERBEORESD b — 22 EH I 54
BLTHEV,

W, EREEE1~FADKMIERRD IS, NS A4 —ROEHEENCEE TS
ZEED, BHOREBEER TONEEEVICATEDTHEANELIZEA I, Eiko
REFER TOENEORHBELMBIITOZLN AIRELRY, LEEE L7 ORAERS
IEZHEEIT, PORZIATITEN TED R THFEL,

Fiz, LEESOEMBREOLINC, AT A4 —FOFEAEOREZSEZH NI
E#@:auwu@&@%ﬁﬁﬁﬁ@%%ﬁﬁwm%iwﬁﬁmwbt%ém@
BEROBREFIR COREXSY A4 —ROMIAMEEDHELZRK->D, LB
ZIBIATOZENTE, LEHE LT ORADLIEEZHEEIC, D OEBITITIZED
TELRTHELY,

Flo BRI AL R~ ERMEEZEVICEE TAZ 81280, SBRORESE
BWTONEEZEWIFTEDHENLLZHEICIT, EREEREERELHEICIT
TLRTE, LEeELT DRAN 1L IVHEITITIZEN TEA R THFELYY,

Fio, EREOBHTIL, RCBOMIS T HEANEFNT DA, e, ROFEAD
BT AL —FEAVIZHEIT OV THAL D AREFIZZNIZRESNALO
T, BENER AT OIORORIT AF—RETEIRELTELE YT
AMEBICEAL C O ARBORNS 1A —REERORBERIZOHEBEL
T, INOORBEFERODO N EEZFTEDEBNICHI 2 S Th I, 2, ¥ a
BEWZRRZLEbIZ, AEMICRETERRD2 L A, fixifHarFan
BRIT AT FEER LISy 7 TANEBICARRALEATH2LLTES,

BL, EREREREOLIIC, FRE, ke, RUEAORENT A4 —FEHAVEE

Hisense Exhibit 1002, Page 206 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



N 20077138724

Paoe 19 o

f31

WO 2007/138724 PCT/JP2006/323564

[0089]

(0090]

[0091]

[0092]

18

BOJHB, MAXICEENIRE, K, KOFAOERELAOEMEL R LT
DTEWTFRELIRY, NV FANEB DR M AR HIC A ETEDLLHIT, FKoR M
N (ERYERR) 2RO T R A EBE R IR TEL A THELY,

F7z. LROBHA T, FE, A, KOFAORRELL A4 —NZ20T, 3
DA REFIR COBEME IR AT OREZEZEE THHEIT OV TRHRALZA,
AREFIZIIZRESNDL DO TR, FE, ff, ROFEOWTIL—ED
RS AT —RIZTIZONT, BEOBSRBER COMEE, BAEORES, RO
HAERMEDOREZDDIR L — D2 B E T A THIV Y,

L, PR ELTRBDRBNT AF—RIZ 20T, BEOERERE TOMEE, 3
HHEDREX, ROPHRETMEDO REXOD7EL— DB ETHIENLFEL,
Tebb, ZOSBAITIE, BEROREFERICEWO T, FEREOEENISU TR
SRR N EPEOEMLEVFREDFRIEY A4 —RICH LT, ZORELDONE
PDEVZETE DFIFNESNDDO T, LFUBELTORAER L2 RERIZ, 2R S
WATHTER TEDINETH D, EBITIE, NI T NEB ORI (BE5A6) 2 X
VARG LXFHTENTES,

Fio, FEDRENT A4 —RIZNZ T, FEDRNY A4 —RIZ 20T, BEHO%
REELTOMELE. BIEOREE, K MHEERBEORZEIDD/{L—2%
BEESTDZEBFEL, ThDE, ZOBEITL, EEORBEFEILIZBC, FH
REOEBISC THEAEDRER CHEP BRI LS WREOR ST A4 —F
IR T, EDRRENDNLENEWIIFTEDOREANLINDDT, LEEELTD
RAEMIEZ ZOHEFITITITEN TE, Lb w774 NERB OFIENL (BEAR)
EEIVESITH LSTATLNRTEENLTHD,

Fie, ERROBALISMI, B OERKS A3 —RIZ o0 T, FOR—DBES
HRC TRITSEDILIZEY, /BT DR AL A4 —ROKE ERERKE) 2 RIE
LT, ZDORER-BRE EIERONT NI OT U BN ST DN T A4 —F
PEMT 5L TED, ZOIIT, BAE A4 —FEBIOKEIZOWTTFHT Y
FFESNT=RHE AT —NEERTHILICED, BEROBRBEER TOXELZE W
MR DR LB EL T DL TED,

Hisense Exhibit 1002, Page 207 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



W 20071138724

Face 20 0f 31

WO 2007/138724 PCT/JP2006/323564

[0093]

[0094]

[0095]

19

Fz, ERROTH LS, R OBREERICEO T, BEREVICETE DR N
&&5£M;@ﬁ@%%ﬁ%iwﬁ%ﬁﬁbf%ﬁ?é%ﬁ?&hu:@iﬂﬂ%
FELTZ B EI03, o0 T A NEB DR (BB ) 2 L0 RERICIA LSe35
ERTED, EDITIL, BE A4 —ROFERAIINEZTFHREL T, FORIERE
%&%K%%&%wa@é%&%@ﬁ@m?hmwﬁyﬂ:%b%@%ﬁf\E
(R DRERBICELE T 2B ThI 0, 20Xz, B 2I0Nz T, 5%k
ARTIUZONWTT I LT, EWICE R AR B HEICE E T 2548100, R
EEALIENTZ S I T A NEE R NI KR B DR REE 2 LA S IR
TEHRTHELY,

o, LEEOBBILIAMNG, SR EEBICRE B — 28T T OB
RIS T HREFIEADFENSY 44— R ~DOUEEFE LD, %4
RERBICEEZRE T2 P —2REL T, FONEREBEL I oS
TORBEBEIN DRSNS A A — P~ DA EFEEHRITELIZ0 T3k,
77 ANEE ORI ITRE LTN AT BDED T2 ChIu,

FEZE FOF| W EENE

BEFD DN\ I T NEB R ORIV RTER L, B2 14 —F0
REREHEMEEDLETH, MELATRRATIDEC LN TEXADT, KEE
2 H T DI LB 22 % FRA RTAR 2 N 254 NS Jk UV 355 R0
ElEA T RREEEITH L THERTH S,

Hisense Exhibit 1002, Page 208 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



B e 4 ey
Wi 20078724

Pane 21 of 31

WO 2007/138724 PCT/JP2006/323564

[1]

[2]

(3]

[4]

[5]

(6]

(7]

(8]

[9]

20

BROFENT AF—RE,
AW ERDEITICRESNAEEBIC, FTREROWTNOORNT A4 — %
WETO2EHOREFERL ML
ATFCER DR BRI TIT, KENEWIHTE OFEN S5 L5102, ATk o
BN A4 —FESBLUTREL COBILEEHMET 07T N ERE,
AIRCFENS A A — R e R TERE T 2B R 2l 2 52 Lbic
ATFCAR DR B REIRIT., RTRERES A4 — N AT BB BRI Lo CAATEREIE
NIZLEDIBEZAAEHNT, BN RBAEFNCRESN T RELICREHE
DT TANEE,
BIRCEBOR BHEEIL, SMBERICTRE LB LIRE LR OE2 S AT
BEXMZANT, EVCERLEFNCRESN QO RIBACTEE# Oy T
NEE,
RTRLE R OREREBIL, A REICE O TEAPER T 28 F 18 TOAE D
AWZRRAENIEESILTOSFEREL~3DWF N 1EIZRER D Ny 7T A
MEE,
RIRCEROREER TIL, REINIBHS A4 —FOEEEEWVIIERTHIE
28D, RTRCL B EWVICFTE DR SN TOEFEREL ~40 W F ) 138
RLE Dy 7T A MEE,
BIRCEE DR BRI TIL, REINIB AL A A —FORIEDOKESZHVITE
EIDILITEY, AT ER EWICHTE QR A &L TWAFERIEL1~5DVF
NI RE D/ 7 T A M EE,
ATRCARE DR BRI TlE, RESNDIBENT A4 — R~ EFiEE A E
HHZLIEY, AT A BN EWVICHTE DN LS T EFEREL1~60 "
MO TBICRER O/ v 7T NEE,
RIRDEEDIIS A4 —RIIE, BHREBRAVICERZEEBROR T 44—
BELTODFEREL~TON TN LIIEIZ TR D/ S 7T A1
RIRCBE DRI AA —RIZIL, e, fa, ROFEEOXEZNENRENTHR

Wi

Hisense Exhibit 1002, Page 209 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



KO 20071130784 Fage 227 of 31

WO 2007/138724 PCT/JP2006/323564

21

R, RUERORET AF—RBEEN TV REL~8DWT 1D
RO NI TANEHE,

[10]  ATRCEROBERR T, AT ERORBAS A A —FDI5, FREADKEFENT D
FREDFENFAF—ROMEE., BREDORES, R UCHHEBERMEDO REIDADRKE
H—DFAVICEETAZLCIY, REXOKENENCETEDOREMA LS TN
DERESEIINIFEHMO NN T A EE,

(111 ATRREROREER T, RAaDKERX T IRADIIT A —NOEHK, 3
HEDOREE, FOREREORESOD 2L — D0 EWCERETHZ2IX
V. BRI BN E VIR E OGN S T DFERIE10ICFEH DYy 7T A+
SEE,

[12]  BIEERORBERTIE, RESELWVCFHIEOHRBEANES N TODEREL~11
DOUWT LB ERE D\ 7T A NEE,

(131 BEIEEBDORENEELAF—F OO PEASNDEIREMZ TODFEREL~12
OWVT N TRIZFE D Sy 7 7 MNEE,

[14]  BIEERORNY A4 —RCid, BAEPERFAWIT L CER BIZEESN T
WAEESREI~ 1200 0 LEIZFRE Oy 7T AN EE,

[15]  FTREZEMAI-RTERETHoT,

BIRCFORERIZIL, FRE L~ 140V A LRICEREH Oy 77 MEEN LD
BEESSNDHILERHAL T HFTREE,

Hisense Exhibit 1002, Page 210 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138724 Fage 23 of 31

WO 2007/138724 173 PCT/JP2006/323564
(1]
1
K\/
~—3
6
e
8
2 7
[ R Y e B
1 C 1 é
{
9 10 1"
[E42]
4r 4b  4g

[&]éDéD@DD@Dﬂé\—A

é\_,z

4 BB (BB IBRA B3
4g Ar 4b

(%3]

1.4
1.2

1L
0.8

MR RE

0.6

0.4

0.2

0 i { 11 L ) i
-40 20 0 202540 60 80 100

RBREE (°C)

Hisense Exhibit 1002, Page 211 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



@ 24 of 31

T

5

WO 2007/138724 2/3 PCT/JP2006/323564
[£44]
4
4r1] él
40—
O N
4g-H &
U 0
B
U (4ar
Grie
B~4b
{
4 5
[45]
,,\/1
13
b
7
| 7 7 y 313
4
|
{ \ﬁl ] \"’\
[ ! ! 2
9 10 1
[X6]
4\b 4\r 4g
e N a4
Y ]ml:lcmcj:mrj:] 3
T 7)o Il z) =l wmlzz) - ] ) '
| B ZEEs O EE- 1
I A ol

dg  4b 4r

Hisense Exhibit 1002, Page 212 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 20071138724

Fage 28 of 31

WO 2007/138724
[27]
4
Tf
[[18]

3/3 PCT/IP2006/323564

b

BlUOzOBO0OzOR O EE—~-—3

OBZOBZ OB O

2 OB @O :
il L LR o

4 4r b

4g 4b 4r

@?ﬂg B B3 Ewi

Dm@memmmi
:@D_@D@D:
mDmDmDI‘“A

l
'

om=casgay)

4r 4g 4b

Hisense Exhibit 1002, Page 213 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



WO 2007/1387 8¢

International application No.

PCT/JP2006/323564

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBIECT MATTER
F2152/00(2006.01)1, F21V8/00(2006.01)1i, GO2F1/13357(2006.01)i, HOIL33/00
(2006.01)i, GO2B6/00(2006.01)i, F21Y101/02(2006.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F21S2/00, F21V8/00, GO02F1/13357, HO01L33/00, G02B6/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1971-2007

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2007
1994-2007

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2006/006537 Al (Sony Corp.), 1-4,7-12,14,
19 January, 2006 (19.01.06), 15
Y Full text; Figs. 1 to 17 5,6,13
& EP 1672706 Al
Full text; Figs. 1 to 17
& CN 1842923 A
Y JP 2003-207780 A (Harison Toshiba Lighting 5
Corp.),
25 July, 2003 (25.07.03),
Par. No. [0032]
(Family: none)
Y JP 2006-133721 A ({(Sony Corp.), 5
25 May, 2006 (25.05.06),
Figs. 3, 7 to 10, 13 to 15
& WO 2006/040937 Al

Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” eatlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
constdered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
07 February, 2007 (07.02.07)

Date of mailing of the international search report
13 February, 2007 (13.02.07)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

Hisense Exhibit 1002, Page 214 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138724

Pane 27 of 31

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/323564

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 10-247411 A (Omron Corp.), 5,13
14 September, 1998 (14.09.98),
Par. Nos. [0031] to [0035]; Figs. 10 to 12
(Family: none)
Y JP 2005-196989 A (Fujitsu Display Technologies 5,13
Kabushiki Kaisha),
21 July, 2005 (21.07.05),
Par. Nos. [0061] to [0067]; Figs. 9, 10
& US 2005/0141244 Al
Par. Nos. [0097] to [0102]; Figs. 9, 10
& KR 10-2005-0066943 A & CN 1637523 A
Y JP 11-162233 A (Matsushita Electric Works, 6

Ltd.),

18 June, 1999 (18.06.99),
Par. No. [0017]; Fig. 2
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

Hisense Exhibit 1002, Page 215 of 290

Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/323564
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L. D Claims Nos.:
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2. I:I Claims Nos.:
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3. D Claims Nos.:
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Box No. II1 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

It is clear that the feature common to claims 1-15 is not novel, since
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common feature does not make contribution over the prior art, the common
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second sentence.

WO 2006/006537 Al (Sony Corp.), 19 January, 2006 (19.01.06), whole text
and Fig. 1-17

L L—_I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest ] The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee..

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
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Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)

Hisense Exhibit 1002, Page 216 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



e
e

e 28 of 31

E AR ERMELES PCT/JP2006,/323564
A, REUAORTLHIFONE (EBESEHFSE (1PC) )
Int.CL. F21S2/00(2006.01)1, F21V8/00(2006.01)i, GO2F1/13357(2006.01)1i, HO1L33/00(2006.01)1,
G0O2B6/00 (2006. 01) i, F21Y101/02(2006.01)n
B. #AEEIToRTH
MELZToTe B/ RER (EERHE (1PC) )
Int.Cl.  F21S2/00, F21V8/00, G02F1/13357, HO1L33/00, GO2B6/00

B/NRERLUSNOER CHRELZ TN EENS b D
BAEERFEAR 1922—-19964
AREABEAFIELR 1971—20074
AAEERFERRLH 1996—-2007%
AAERESEEATELR 1994—200 74

ERHECHEALILEFT —F =R (T —F = ADAF,

A L)

C. PBEET B LI LN AT
ST SRR D BAH 3 5
BT Y —k BlANERY  RO—EBOEFRAERT % & 213, ZoRET BEFo&R RO E S
X WO 2006/006537 Al (Y =—#k&4k) 2006.01.19, £330, K1-17 1-4, 7-12,
& EP 1672706 Al, &3, [X]1-17 & CN 1842923 A 14, 15
y 5 6, 13
¥ JP 2003-207780 A (AU YU HZE S5 A4 F 4 RS 5
2003. 07. 25, B¥#0032 (77 I U—721)

¥ CHlokE iz bXBBFIEEh TS,

NRTF 77 T —ICBT SRR SR,

* FlAXBODT I —

TA] FRcBEEOD 5 TR < . — IR K8 A 7
HD

'E | EEEHERRIOHBEE I8 ch 528, ERtEd
DBl AR EN LD

N1 S RIC B & 1R T 5 SCE U 0 STRR O34T
BEL Mo BiE It 57018 BT
DR (BEE M)

TO) AERIC L 2BR, A, BRECERT AWM

'P) ERHEAMN T, P OBEEECEEORRMEL 2 HHE

D B O&ITAT S 30wk

IT) EERHERX B BRICATES N TH-T
WEEFET 2 b0 TR, REOREX IEH
DBIROT=DIZBIATH LD

X BICBEOD LB TH - T, SEEHR DA T3EEA
OFHMESOIHESMERN RN EEZ LN D LD

Y| HICBEEOHAIERTH - T, YIE R E o> 1 LA
FOHERED, YEZITLSTHIATHLHEARIC
Lo THESERBRNEEZEND LD

EHEEZ T L2 B

07. 02. 2007

EEEEHEOA B R OH CE
BARERFT (1SAS]P)
HEHES100-8915
ERATRARENE=ZTBE4%E3 =

(&) A—_F b 77 2V —CHk
E A S DR R
13.02. 2007
BHITEEE (RO DHMEA) 8x | 3116
KHE FE
EiEET 03-3581-1101 M#KE 3372

HMAPCT/I1SA/210 (2-)

(200544 A8)

Hisense Exhibit 1002, Page 217 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 2007/138724

E s EpHEEES PCT/JP2006,/,323564

FUM FHROFEHO—MMOPEP TELRVEEIDOER (F1—T020f%)

TEABAHIE (PCTI17T4(2) (2) OBREC LY, ZOEBHERE IROEBIC LY BROBEO— I >V TE
B L72do T,

1. {7 F5RoOHH M. ZOEBRREIEEAHEEZ TA IS AELAVHRIEI LD TH S,
2E D,
2. 7 @R . ARBREEEES TAZ LN T IREE THEOEMAZ I LT

BOVEBRLBEORIIR SO TH D, 2FEY .,

3. I #RofA id. HBFHROFEHEATH- TP CTHAIS. 4(@) DF 2 LR UEILDORFEID
P TR S T,

B FEADHEMERXIML TS LEDOER (F1—V0 305)

WD X 5 OEBEHEIC D EORAERH 2 & - oEBHEKE RS -,

KO- 1ICIBOFEETH D, ikofipHIGi#oER T, TR ECBRI TN
D0, FRTRWZ ERALNE o7, ERE LT, pidbBoIEHE T, SiTiiiomks
H DGO TRV G, PCTIRANS. 2082 OB W T, AistttidoEm L VR 2 B il
RORFE) T,

WO 2006/006537 Al (Y =—#&H) 2006.01.19, 3, H1-17

1. {7 HEAPLERBIGRAESENSEZ TSCGHRRICHAE L0 T, ZOEBFEREIL. TN CORMEEESZER
DFEFNT HUVNTHERL Lz,

2. ¥ BIFEFEEEZERTIETHLRL, TN CORETEREROHEEICOVTHET DI LN TEHOT, B
AT FEEOMM 2 RD 20Tz,

3. [ HEBEADPLELBMREFEEEZ — 8Os LABHPNICHN Lgdo 0T, ZOEBRERSEI3. FHEOM
(O & o TR DOFERDEPADHIZ OV NTHERL Uz,

4. {7 HEAPSKERZBNREREEZBIBPNICHET Lok, JoEBHEERSIE. HRoGEAOREYIC R
STV BEEINAR AR OFER OISV TR L=,

BINPREFHEIOREO R CICET AR
5 BREAFEHEO. BAT2H8E810E. EHPIFEROMM L, HEADLEBHR I TRSH o7,
7 BIAETFEEOMM L HICHBE AL S BRE I TRH o705, BEH SRR G4 E IR Uk iR
MIZSThbiv e dao 7z,
U BRAEFEEOMT 24D BEBERITHRD 0T,

BAPCT/I1SA/210 (B12C0E (2)) (20054448)

Hisense Exhibit 1002, Page 218 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



WO 20071138724

EESTAA W EgHmEEsS PCT/JP2006,/,323564
C (X)) . BIET 2 L0 o5k
EEE X2 EET 5
BT A — % BAXEE RUO—BOBEIABET S & &1, ZOBET A EFoRR FEROBPEDOES
Y JP 2006-133721 A (Y =—kX4) 2006. 05. 25, X3, 7-10, 13-15 5
& WO 2006/040937 Al
Y JP 10247411 A (Ao o kREerh) 1998. 09. 14, 5, 13
EEP%0031-0035, ®10-12 (77 I U—7 1)
Y JP 2005-196989 A (BLWTF 4 ATV AF 7 7 ad— R 5, 13
2005. 07. 21, Ex#0061-0067, [¥9, 10
& US 2005/0141244 Al, EX7%0097-0102, 49, 10
& KR 10-2005-0066943 A & CN 1637523 A
Y JP 11162233 A (A FEITEESH) 1999.06. 18, EX¥£0017, X2 8

(Z7IV—71)

BAPCT/ISA/ 210 (H2—T0EE) (20054458)

Hisense Exhibit 1002, Page 219 of 290
Hisense USA Corp. v. Light Guide Innovations LLC

IPR2025-01526



espacenet — Bibliographic data HOIX 1/ 1

LIQUID CRYSTAL DISPLAY DEVICE

- Abstract of JP 2003279985 (A)

- PROBLEM TO BE SOLVED: To convert the color
tone of the light emitted from a backlight without
increasing the number of members or member costs
and to achieve miniaturization and cost reduction. ;
SOLUTION: A liquid crystal display device is
composed of a liquid crystal display part 11 and an

- LED backlight 12. The LED backlight 12 is provided

- with a light guide plate 13, and an LED 14 is

_arranged on the side face of the light guide plate 13.

A reflection sheet 18 is provided on one principal

surface of the light guide plate 13, and a light

diffusion plate 16 for uniformly diffusing light emitted
from the surface of the light guide plate 13 is further
arranged. A coloring layer 19 including a pigment is
provided on the surface of the light diffusion plate -
i 16.; COPYRIGHT: (C)2004,JPO
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Docket No.: HI-0434 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Confirmation No.: 4085

Hyung Hwa PARK Group Art Unit: 2885

Serial No.:  12/698,478 Examiner: Leah S. Lovell
Filed: February 2, 2010 Customer No.: 34610

For:  LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME

INFORMATION DISCLOSURE STATEMENT

U.S. Patent and Trademark Office
Customer Service Window
Randolph Building

401 Dulany Street

Alexandria, Virginia 22314

Sir:

Pursuant to 37 C.F.R. §1.56, the attention of the Patent and Trademark Office is hereby directed to the
references listed on the attached PTO-1449. One copy of each non-U.S. reference is attached. Itis respectfully
requested that the information be expressly considered duting the prosecution of this application, and that the
reference(s) be made of record therein and appear among the “References Cited” on any patent to issue therefrom.

Applicants have listed publication dates on the attached PTO-1449 based on information presently
available to the undersigned. However, the listed publication dates should not be construed as an admission that
the information was actually published on the indicated date. Applicants reserve the right to establish the
patentability of the claimed invention over any of the information provided herewith, and/or to prove that this
information may not be prior art, and/or to prove that this information may not be enabling for the teachings
purportedly offered. This statement should not be construed as a representation that a search has been made, that
information cited in the statement is considered to be and/or is material to patentability, or that information more
material to the examination of the present patent application does not exist. The Examiner is specifically
requested not to rely solely on the material submitted herewith. It is further understood that the Examiner will
consider information that was cited or submitted to the U.S. Patent and Trademark Office in a prior application
relied on under 35 U.S.C. §120. 1138 OG 37, 38 (May 19, 1992).

X 1. This Information Disclosure Statement is being filed (i) within three months of the U.S. filing
date of 2 U.S. application other than a CPA continued prosecution application under §1.53(d) OR (i)
within three months of the date of entry of the national stage as set forth in §1.491 in an international
application OR (iif) before the mailing date of a first Office Action on the merits OR (iv) before the
mailing of a first Office Action after the filing of a Request for continued examination under §1.114. No
certification or fee is required. 37 C.F.R. §1.97(b).

] 2. This Information Disclosure Statement is being filed more than three months after the U.S. filing
date AND after the mailing date of the first Office Action on the merits, but before the mailing date of a
Final Rejection OR Notice of Allowance OR an action that otherwise closes prosecution in the
application. 37 C.F.R. §1.97(c).

] a. I hereby state that each item of information contained in this Information Disclosure
Statement was first cited in a communication from a foreign patent office in a counterpart
foreign application or from the U.S. Patent Office in a related U.S. application, not more than
three months prior to the filing of this Information Disclosure Statement. 37 C.F.R. §1.97()(1).
No fee is required.

] b. I hereby state that no item of information in this Information Disclosure Statement was
cited in 2 communication from a foreign patent office in a counterpart foreign application and, to
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Serial No. 12/698,478 Docket No. HI-0434

my knowledge after making reasonable inquiry, was known to any individual designated in 37
C.F.R. §1.56(c) more than three months prior to the filing of this Information Disclosure
Statement. 37 C.F.R. §1.97(e)(2).

] C. Please charge our Credit Card in the amount of $180.00 in payment of the fee under 37
C.F.R. §1.17(p) per the attached PTO 2038 form. Please credit or debit Deposit Account No.
16-0607 as needed to ensure consideration of the disclosed information.

] 3. This Information Disclosure Statement is being filed after the mailing date of a Final Rejection
OR Notice of Allowance OR an action that otherwise closes prosecution in the application, but on or
before payment of the Issue Fee. Please charge our Credit Card in the amount of $180.00 in payment of
the fee under 37 C.F.R. §1.17(p) per the attached PTO 2038 form. Please credit or debit Deposit
Account No. 16-0607 as needed to ensure consideration of the disclosed information. 37 CF.R. §1.97(d).

] a. I hereby state that each item of information contained in this Information Disclosure
Statement was first cited in a communication from a foreign patent office in a counterpart
foreign application not more than three months priot to the filing of this Information Disclosure
Statement. 37 C.F.R. §1.97(e)(1).

M b. I hereby state that no item of information in this Information Disclosure Statement was
cited in a communication from a foreign patent office in a counterpart foreign application or, to
my knowledge after making reasonable inquiry, was known to any individual designated in 37
C.F.R. §1.56(c) more than three months prior to the filing of this Information Disclosure
Statement. 37 C.E.R. §1.97(e)(2).

X 4. The references were cited in corresponding foreign applications in a Korean Office Action issued
in KR Application No. 10-2009-0013161 dated July 30, 2010 and a European Search Report issued in EP
Application No. 10153414.7 dated August 10, 2010.

X 5. To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is hereby
made. Please charge any shortage in fees due in connection with the filing of this paper, including
extension of time fees, to Deposit Account 16-0607 and please credit any excess fees to such deposit
account.

Respectfully Submitted,
KED & ASSOCGIALES, LLP

/ egistration No. 36,186
J

oanna K. Mason
Registration No. 56,408

Cortespondence Address:
P.O. Box 221200

Chantilly, VA 20153-1200
Telephone: (703) 766-3777
Date: November 12, 2010
Telephone: (703) 766-3777

Please direct all correspondence to Customer Number 34610
DYK:JKM:hd
256647
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
12/698,478 02/02/2010 Hyung Hwa PARK HI-0434 4085
34610 7590 04/02/2012 | |
EXAMINER
KED & ASSOCIATES, LLP
P.O. Box 8638 MACCHIAROLO, LEAH SIMONE
Reston, VA 20195
| ART UNIT | PAPER NUMBER |
2885
| MAIL DATE | DELIVERY MODE |
04/02/2012 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

12/698,478 PARK, HYUNG HWA
Office Action Summary Examiner Art Unit

LEAH S. MACCHIAROLO 2885

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX Responsive to communication(s) filed on 02 February 2010.
2a)[ ] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims
5)X] Claim(s) 1-27 is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
8)[] Claim(s) is/are allowed.
7)X Claim(s) 1-27 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[]] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 02 February 2010 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application

Paper No(s)/Mail Date 7/13/10&11/12/10. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120324A
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DETAILED ACTION

Priority
Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which papers

have been placed of record in the file.

Information Disclosure Statement
The information disclosure statement (IDS) submitted on 07/13/2010 and 11/12/2010 is
in compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

Claim Objections
Claims 19 and 20 are objected to because of the following informalities:
Claims 19 and 20 recite the limitation, “color coordinate conversion assembly.”
However, there is not proper antecedent basis for this claim limitation. The Examiner is

interpreting this to refer to the conversion sheet. Appropriate correction is required.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis

for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.
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Claims 1-3, 8-10 are rejected under 35 U.S.C. 102(b) as being anticipated by Lin et

al. (US 2008/0158907; hereinafter “Lin’).

Regarding claim 1, Lin discloses at least in figs. 1 and 3 a light source, comprising: a
light guide plate [fig. 1; 110]; at least one light emitting module [130] positioned so as to emit
light incident on the light guide plate [110], wherein the at least one light emitting module
comprises a plurality of light emitting diodes [see fig. 3, 330]; and a conversion sheet [fig. 1;
120] provided on the light guide plate [110], wherein the conversion sheet [120] converts a color
of the light emitted by the at least one light emitting module to a target color [see at least

paragraph 20].

Regarding claims 2 and 3, Lin discloses at least in paragraph 20, the conversion sheet
[120] includes a fluorescent material having at least one color, the conversion sheet includes at

least one of red, green, blue, or yellow fluorescent materials.

Regarding claims 8-10, Lin discloses at least in fig. 4 the at least one light emitting
module [430] comprises a first light emitting module positioned at a first side edge [not labeled]
of the light guide plate [410], and a second light emitting module [430] positioned at a second
side edge of the light guide plate, wherein the second side edge can be interpreted to be both

opposite to and adjacent to the first side edge.

Claims 1-7, 11, 14, 17-23 and 27 are rejected under 35 U.S.C. 102(b) as being

anticipated by Kurihara et al. (US 2006/0268537; hereinafter “Kurihara”).
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Regarding claim 1, Kurihara discloses at least in figs. 1, 2 and 22, a light source,
comprising: a light guide plate [fig. 22; 7]; at least one light emitting module [6] positioned so as
to emit light incident on the light guide plate [7], wherein the at least one light emitting module
comprises a plurality of light emitting diodes [see paragraph 90]; and a conversion sheet [not
shown in fig. 22, but described in paragraph 121 and shown in fig. 2, 9] provided on the light
guide plate [110], wherein the conversion sheet [9] converts a color of the light emitted by the at

least one light emitting module to a target color [see at least ABSTRACT and paragraph 78].

Regarding claims 2 and 3, Kurihara discloses at least in paragraph 78, the conversion
sheet [9] includes a fluorescent material having at least one color, the conversion sheet includes

at least one of red, green, blue, or yellow fluorescent materials.

Regarding claims 4-6, Kurihara discloses at least in paragraph 77, the conversion sheet

[9] comprises a diffusion sheet including a color conversion material and a prism sheet.

Regarding claim 7, Kurihara discloses at least in fig. 22 a reflective plate [8] positioned

under the light guide plate.

Regarding claim 11, Kurihara discloses at least in paragraph 78 at least two of the
plurality of light emitting diodes have different color coordinate distributions within a same color

spectrum.
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Regarding claim 14, Kurihara discloses at least in paragraph 78 the conversion sheet is
configured to excite a portion of a first light emitted by the plurality of light emitting diodes so as
to convert the portion of the first light to a second light, and to mix the first light and the second

light so as to provide a third light having the target color.

Regarding claim 17, Kurihara discloses at least in fig. 2 a size of the conversion sheet [9]

is substantially equal to a size of the light guide plate [7].

Regarding claim 18, Kurihara discloses at least in fig. 2 the light guide plate [7], the at
least one light emitting module [6] and the conversion sheet [9] are configured to be coupled to a
cover [27] having a receiving surface [bottom] and side walls [side edges] extending along an
outer peripheral edge of the receiving surface, the side walls defining an open face of the cover

so as to form a receiving space therein.

Regarding claim 19, Kurihara discloses at least in fig. 2 wherein the at least one light
emitting module [6] is positioned adjacent to the light guide plate [7] within the receiving space
on the receiving surface of the cover [27], and the conversion sheet [9] is positioned on a distal

edge of the cover defined by an exposed surface of the side walls of the cover [27].

Regarding claim 20, Kurihara discloses at least in fig. 2 and 22 the at least one light
emitting module [6] is positioned adjacent to the light guide plate [7] within the receiving space

on the receiving surface of the cover [27], and the conversion sheet [9] is positioned within the
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receiving space of the cover, spaced apart from the light guide plate and at least one light

emitting module [6].

Regarding claim 21, Kurihara discloses at least in fig. 22 the side walls [surfaces] of the
cover [27] extend at an incline from a first end [bottom] thereof that is adjacent to the receiving

surface of the cover [27] to a second end [top] thereof that defines the open face of the cover.

Regarding claim 22, Kurihara discloses at least in fig. 22 the side walls of the cover [27]
extend at an incline from a first end [bottom] thereof that is adjacent to the receiving surface of
the cover to an intermediate point of the side walls, and wherein the side walls are bent at the
intermediate point [corner] so as to extend in a direction [up] that is perpendicular to the
receiving surface of the cover from the intermediate point to a second end [top] thereof that

defines the open face of the cover [27].

Claims 23 and 27 contain one or more limitations or elements substantially similar to
those discussed with respect to rejected claims 1, 18 and 22, respectively, and are therefore also

rejected for at least the above corresponding reasons and will not be repeated here.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
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having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

Claims 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Kurihara in view of Yamamoto et al. (US 7,350,937; hereinafter “Yamamoto’).

Regarding claim 12, Kurihara is silent to using different ranked LEDs.

However, Yamamoto teaches in at least column 7, lines 44-50 that using different ranked
LED’s will lower the overall cost of the device.

Therefore, in view of the above discussion, it would have been obvious to one having
ordinary skill in the art at the time the invention was made to construct Kurihara’s LED module

with different ranked LED’s to lower the overall cost of the device.

Regarding claim 13, both Kurihara and Yamamoto disclose the LED chip comprises one

of the recited colors.

Claims 15, 16 and 24-26 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Kurihara.

Regarding claims 15 and 24, it appears Kurihara recites the specific CIE coordinates in at
least fig. 20, but it is not explicitly disclosed.

However, the Examiner takes official notice that Applicant’s recited CIE coordinates are
well-known in the art to be white. Furthermore, one of ordinary skill in the art would be able to
suitable select the target color to fall within the recited range since this will allow for good

backlighting of an LCD display device.
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Therefore, in view of the above discussion, it would have been obvious to one having
ordinary skill in the art at the time the invention was made to select Applicant’s recited CIE

coordinates to will allow for good backlighting of an LCD display device.

Regarding claim 16, Kurihara discloses in at least paragraph 78 the light emitted by the
light guide plate will be different than the target color, thus light emitted by the light guide plate

has a color coordinate distribution that is outside of that of the target color.

The limitations in claims 25 and 26 have been previously discussed in the rejection of

claims 4-6 and are rejected for the same reasons and will not be repeated here.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LEAH S. MACCHIAROLO whose telephone number is
(571)272-2719. The examiner can normally be reached on Monday through Friday 9 a.m. until
5:30 p.m.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jong-Suk (James) Lee can be reached on (571) 272-7044. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Leah Macchiarolo
Examiner, AU 2885
24 March 2012

/LM/

/JOHN A WARD/
Primary Examiner, Art Unit 2885
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Docket No.: HI-0434 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 4085

Hyung Hwa PARK Group Art Unit: 2885

Serial No.:  12/698,478 Examiner: Macchiarolo, Leah Simone
Filed: February 2, 2010 Customer No.: 34610

For: LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME

AMENDMENT

U.S. Patent and Trademark Office
Customer Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, Virginia 22314
Sit:
In reply to the Office Action of April 2, 2012, please amend the above-identified
application as follows:

Amendments to the Claims are reflected in the listing of claims.

Remarks/Arguments begin after the listing of the claims.
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Serial No. 12/698,478 Docket No. HI-0434
Amendment dated July 2, 2012
Reply to Office Action of April 2, 2012

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Currently Amended) A light source, comprising:

a light guide plate;

at least one light emitting module positioned so as to emit light incident on the light guide
plate, wherein the at least one light emitting module comprises a plurality of light emitting

diodes;

an optical sheet on a top surface of the light guide plate; and

a conversion sheet provided on thelight-guide-platea top surface of the optical sheet,
whetein the convetsion sheet converts a color of the light emitted by the at least one light
emitting module to a target color,

wherein the optical sheet includes a diffusion sheet and a prism sheet aligned with the

diffusion sheet, and wherein the optical sheet is disposed on the light guide plate and the

conversion sheet such that the conversion sheet converts the color of the light passing through

the diffusion sheet and the prism sheet.
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2. (Original) The light soutce of claim 1, wherein the conversion sheet includes a

fluorescent material having at least one color.

3. (Original) The light soutce of claim 1, wherein the conversion sheet includes at

least one of red, green, blue, or yellow fluorescent matetials.

4-6. (Cancelled)

7. (Original) The light soutce of claim 1, further comprising a reflective plate

positioned under the light guide plate.

8. (Original) The light soutce of claim 1, wherein the at least one light emitting
module comprises a first light emitting module positioned at a first side edge of the light guide
plate, and a second light emitting module positioned at a second side edge of the light guide

plate.

9. (Original) The light soutce of claim 8, wherein the first and second side edges of

the light guide plate are opposite each othet.
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10.  (Original) The light soutce of claim 8, wherein the first and second side edges of

the light guide plate are adjacent to each other.

11.  (Original) The light source of claim 1, wherein at least two of the plurality of light

emitting diodes have diffetent color coordinate distributions within a same color spectrum.

12.  (Currently Amended) The light source of claim 1, wherein at least two of the light

emitting diodes comprise a plurality of light emitting diode chips having-emitting light of muld

tanks_with a wavelength difference within a blue colot spectrum therein, respectively.

13.  (Cutrently Amended) The light soutce of claim 12, wherein eaeh-of-the light
plurality of emitting diode chips eemptises-comptise at least one of a blue light emitting diode
chip, a green light emitting diode chip, a yellow light emitting diode chip, an amber light emitting

diode chip, ot a blue-green light emitting diode chip.

14.  (Original) The light soutce of claim 1, wherein the conversion sheet is configured

to excite a portion of a first light emitted by the plurality of light emitting diodes so as to convert
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the portion of the first light to a second light, and to mix the first light and the second light so as

to ptovide a third light having the target color.

15.  (Original) The light source of claim 14, wherein the target color falls within a
range in which x of CIEx is between approximately 0.293 and 0.333, and y of CIEy is between

approximately 0.309 and 0.349.

16.  (Original) The light soutce of claim 15, wherein light emitted by the light guide

plate has a color coordinate disttibution that is outside of that of the target color.

17.  (Original) The light soutce of claim 1, wherein a size of the conversion sheet is

substantially equal to a size of the light guide plate.

18.  (Original) The light source of claim 1, wherein the light guide plate, the at least
one light emitting module and the conversion sheet are configured to be coupled to a cover
having a receiving sutface and side walls extending along an outer peripheral edge of the
receiving surface, the side walls defining an open face of the cover so as to form a receiving

space therein.
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19.  (Cutrently Amended) The light soutce of claim 18, wherein the at least one light
emitting module is positioned adjacent to the light guide plate within the receiving space on the
receiving surface of the cover, and the esleresordinate-conversion assembly-sheet is positioned

on a distal edge of the cover defined by an exposed surface of the side walls of the cover.

20. (Currently Amended) The light soutce of claim 18, wherein the at least one light
emitting module is positioned adjacent to the light guide plate within thevreceiving space on the
receiving surface of the covet, and the eelor-coordinate-conversion assembly-sheet is positioned
within the receiving space of the cover, spaced apart from the light guide plate and at least one

light emitting module.

21.  (Original) The light soutce of claim 18, wherein the side walls of the cover extend
at an incline from a first end theteof that is adjacent to the réceiving sutface of the cover to a

second end theteof that defines the open face of the covet.

22.  (Original) The light soutce of claim 18, wherein the side walls of the cover extend

at an incline from a first end thereof that is adjacent to the receiving surface of the cover to an
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intermediate point of the side walls, and wherein the side walls are bent at the intermediate point
so as to extend in a ditection that is perpendicular to the receiving surface of the cover from the

intermediate point to a second end thereof that defines the open face of the cover.

23.  (Cutrently Amended) A display device, comprising:

a cover;

a light emitting module provided on the cover, the light emitting module comptising a
plurality of light emitting diodes ;

a light guide plate provided at a side of the light emitting module;

an optical sheet provided on the light guide plate, the optical sheet including a diffusion

sheet and a prism sheet alioned with the diffusion sheet;

a display panel provided on the optical sheet; and

a conversion layer provided en-thelight-guide-platebetween the optical sheet and the

display panel, whetein the conversion layer converts a first color of light emitted by the light

guide plate to a target color, and wherein the conversion layer converts the first color of the light

assing through the diffusion sheet and the prism sheet.

24.  (Otriginal) The display device of claim 23, wherein the conversion layer shifts a
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color cootdinate distribution of the light emitted by the light guide plate to a color coordinate

having CIEx=0.313 and CIEy=0.329.

25-26. (Cancelled)

27.  (Original) The display device of claim 23, wherein the color coordinate
conversion layer comprises a coating of color coordinate conversion material provided on a

surface of the diffusion sheet.

28.  (New) A light source, comprising:

a light guide plate;

at least one light emitting module positioned so as to emit light incident on the light guide
plate, wherein the at least one light emitting module comprises a plurality of light emitting
diodes;

an optical sheet on a top surface of the light guide plate;

a conversion sheet provided on a top surface of the optical sheet, wherein the conversion
sheet converts a color of the light emitted by the at least one light emitting module to a target

color; and
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a reflective plate positioned under the light guide plate,

wherein the light emitting module is positioned at a side edge of the light guide plate, and
thé optical sheet includes a diffusion sheet and a prism sheet on the diffusion sheet, and the
convetsion sheet is coated with a color coordiﬁate material on an upper surface of the diffusion
sheet such that the conversion sheet convetts the color of the light diffusing by the diffusion

sheet.

29.  (New) The light source of claim 28, wherein at least two of the light emitting
diodes comprise a plurality of light emitting diode chips emitted light of multi ranks with a

wavelength difference from each other within a blue color spectrum therein, respectively.

30.  (New) The light soutce of claim 28, whetein at least two of the plurality of light

emitting diodes have different color coordinate distributions within a same blue colot spectrum.

31.  (New) The light soutce of claim 29, wherein the conversion sheet is configured to
excite a portion of a first light emitted by the plurality of light emitting diodes so as to convert
the portion of the first light to a second light, and to mix the first light and the second light so as

to provide a third light having the target colot,
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whetein the target color falls within a range in which x of CIEx is between approximately

0.293 and 0.333, and y of CIEy is between approximately 0.309 and 0.349.

10
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REMARKS/ARGUMENTS

Claims 1-3, 7-24 and 27-31 ate pending in this application. By this Amendment, claims 1,
12, 13, 19, 20 and 23 are amended, claims 28-31 are added, and claims 4-6, 25 and 26 are
canceled without prejudice ot disclaimer. Supportt for the claims can be found throughout the
specification, including the otiginal claims and the drawings. Withdrawal of the rejections in
view of the above amendments and the following remarks is respectfully requested.
I. Objection to the Claims -

The Office Action objects to claims 19 and 20 due to informalities. It is respectfully

submitted that the amendments to claims 19 and 20 are responsive to the Examiner’s comments,
and thus this objection should be withdrawn.
II.  Rejections Under 35 U.S.C. §102(b)

The Office Action rejects claims 1-3 and 8-10 under 35 U.S.C. §102(b) over Lin et al,
U.S. Patent Publication No. 2008/0158907 (heteinafter “Lin”). The rejection is respectfully
traversed.

IndepeAndent claim 1 is directed to a light soutce, including a light guide plate, at least one
light emitting module positioned so as to emit light incident on the light guide plate, wherein the
at least one light emitting module comptises a plurality of light emitting diodes, an optical sheet
on a top surface of the h'ghf guide plate, and a conversion sheet provided on a top sutface of the
optical sheet. The conversion sheet converts a color of the light emitted by the at least one light

emitting module to a target color. The optical sheet includes a diffusion sheet and a prism sheet

11
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aligned with the diffusion sheet, and the optical sheet is disposed on the light guide plate and the
conversion sheet such that the conversion sheet converts the color of the light passing through
the diffusion sheet and the prism sheet.

Lin neither discloses not suggests all of the features recited in independent claim 1, or the
claimed combination of features.

Lin discloses in Figure 1 a backlight module 100 including a light guide plate 110
positioned on a reflective layer 150 and having a light incident surface 111 and a light emitting
surface 112, a fluorescent layer 120 formed on the light emitting surface 111 and a light source
130 positioned facing the light incident surface 111. In the embodiment shown in Figure 2, the
backlight module 200 includes the light source 230 positioned facing the fluorescent layer 220.
In the embodiment shown in Figure 3, the backlight module 300 includes two light sources 330
positioned on a single support member 340. In the embodiment shown in Figure 4, the backlight
module 400 includes two light soutces 430 supported on opposite ends of a U-shaped suppott
member 440. In each of the embodiments disclosed by Lin, the fluorescent layer is positioned
adjacent to the light guide plate. Lin neither discloses nor suggests an optical sheet on a top
surface of the light guide plate, and a conversion sheet provided on a top surface of the optical
sheet, wherein the conversion sheet convetts a colot of the light emitted by the at least one light
emitting module to a target colot, wherein the optical sheet includes a diffusion sheet and a
prism sheet aligned with the diffusion sheet, and wherein the optical sheet is disposed on the
light guide plate and the conversion sheet such that the conversion sheet converts the color of

12
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the light passing through the diffusion sheet and the prism sheet, as recited in independent claim
1.

Accordingly, it is respectfully submitted that independent claim 1 is not anticipated by
Lin, and thus the rejection of independent claim 1 under 35 U.S.C. §102(b) over Lin should be
withdrawn. Dependent claims 2, 3 and 8-10 are allowable over Lin at least for the reasons set
forth above with respect to independent claim 1, from which they depend, as well as for their
added features.

The Office Action rejects claims 1-7, 11, 17-24 and 27 under 35 U.S.C. §102(b) over
Kurihara et al., U.S. Patent Publication No. 2006/0268537 (hereinafter “Kurihara”). Claims 4-6
have been cancelled. The rejection, in so far as it applies to claims 1-3, 7, 11, 17-24 and 27, is
respectfully traversed.

The features of independent claim 1 are set forth above.

Independent claim 23 is directed to a display device, including a cover, a light emitting
module provided on the covet, the light emitting module comprising a plurality of light emitting
diodes, a light guide plate provided at a side of the light emitting module, an optical sheet
provided on the light guide plate, the optical sheet including a diffusion sheet and a prism sheet
aligned with the diffusion sheet, a display panel provided on the optical sheet, and a convetsion
layer provided between the optical sheet and the display panel, wherein the convetsion layet
converts a first color of light emitted by the light guide plate to a target color, and wherein the
conversion layer convetts the first color of the light passing through the diffusion sheet and the

13
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prism sheet.

Kurihara neither discloses not suggests all of the features recited in independent claims 1
and 23, ot the tespective claimed combinations of features.

Kurihara discloses a phosphot film 9 including particles 4 mixed in a binder 2 and applied
on a transpatent film 1, and a non-permeable layer 3. In the embodiment shown in Figures 2 and
4, light emitted by a light source 6 passes through the phosphor film 9 for convetsion to a
desired wavelength and guided by a reflection plate 8 and prism sheet 5 for emission by a light
guide 7. Alternatively, the phosphor film 9 may be positioned between the light guide 7 and the
ptism sheet 5, as shown in Figures 3 and 5. The embodiment shown in Figure 11 includes a first
phosphor film 9 between the light source 6 and the light guide 7 and a second phosphor film 18
between the reflection plate 8 and the light guide 7. Figures 12, 13 and 14 illustrate various othet
positions of the first and second phosphor films 9 and 18.

In each of the embodiments disclosed by Kutihara, the phosphor film is positioned
between the light soutce and light guide, or between the light guide and the prism sheet, ot
between the light guide and the reflection plate. Kurihara neither discloses not suggests an
optical sheet on a top sutface of the light guide plate, and a conversion sheet provided on a top
surface of the optical sheet, wherein the conversion sheet converts a color of the light emitted by
the at least one light emitting module to a target color, wherein the optical sheet includes a
diffusion sheet and a prism sheet aligned with the diffusion sheet, and wherein the optical sheet
is disposed on the light guide plate and the conversion sheet such that the conversion sheet

14
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convertts the color of the light passing through the diffusion sheet and the prism sheet, as recited
in independent claim 1; nor an optical sheet provided on the light guide plate, the optical sheet
including a diffusion sheet and a prism sheet aligned with the diffusion sheet, a display panel
provided on the optical sheet, and a convetsion layer provided between the optical sheet and the
display panel, whetein the conversion layer converts a first color of light emitted by the light
guide plate to a target color, and wherein the conversion layer converts the first color of the light
passing through the diffusion sheet and the prism sheet, as recited in independent claim 23.

Accordingly, it is respectfully submitted that independent claims1l and 12 are not
anticipated by Kutihara, and thus the rejection of independent claims 1 and 23 under 35 U.S.C.
§102(b) over Kurihara should be withdrawn. Dependent claims 2, 3,7, 11, 17-19, 21, 22, 24 and
27 are allowable over Kutihara at least for the reasons set forth above with respect to
independent claims 1 and 23, from which they respectively depend, as well as for their added
features.

III. Rejections Under 35 U.S.C. §103(a)

The Office Action rejects claims 12 and 13 under 35 U.S.C. §103(a) over Kurihara in
view of U.S. Patent No. 7,350,937 to Yamamoto (heteinafter “Yamamoto”); and rejects claims
15, 16 and 24-26 under 35 U.S.C. §103(a) over Kurtihara. Claims 25 and 26 have been cancelled.
These rejections, in so fat as they apply to claims 12, 13, 15, 16 and 24, are respectfully traversed.

Dependent claims 12, 13, 15, 16 and 24 are allowable over Kurihara at least for the
reasons set forth above with respect to independent claims 1 and 23, from which they

15

Hisense Exhibit 1002, Page 263 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Serial No. 12/698,478 Docket No. HI-0434
Amendment dated July 2, 2012
Reply to Office Action of April 2, 2012

respectively depend, as well as for their added features. Further, Yamamoto is merely cited as
allegedly teaching the use of ranked LEDs, and for at least this reason fails to overcome the
deficiencies of Kurihara. Accordingly, it is respectfully submitted that claims 12,13, 15, 16 and
24 are allowable over the respective applied combinations, and thus these rejections should be
withdrawn.

IV. New Claims

New claims 28-31 are added to the application. It is respectfully submitted that new
claims 28-31 meet the requirements of 35 U.S.C. {112, and are allowable over the applied prior
art. More specifically, new independent claim 28 recites, zuter alia, an optical sheet on a top
sutface of the light guide plate, a conversion sheet provided on a top surface of the optical sheet,
whetein the conversion sheet converts a color of the light emitted by the at least one light
emitting module to a target color, and a reflective plate positioned under the light guide plate,
whetein the light emitting module is positioned at a side edge of the light guide plate, and the
optical sheet includes a diffusion sheet and a prism sheet on the diffusion sheet, and the
convetsion sheet is coated with a color coordinate material on an upper surface of the diffusion
sheet such that the conversion sheet converts the color of the light diffusing by the diffusion

sheet.
As set forth above, Lin, Kutihura and Yamamoto, either alone or in combination, neither

disclose nor suggest such features. New dependent claims 29-31 are allowable at least in view of
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their dependency from new independent claim 28, from which they depend, as well as for their
added features.
V. Conclusion

In view of the foregoing amendments and remarks, it is respectfully submitted that the
application is in condition for allowance. If the Examiner believes that any additional changes
would place the application in better condition for allowance, the Examiner is invited to contact
the undersigned, Joanna K. Mason, at the telephone number listed below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this,
concurrent and future replies, including extension of time fees, to Deposit Account 16-0607 and

please credit any excess fees to such deposit account.

Respectfully submitted,
KED & A TES, LLP
ﬂ W\
aniel Y.J. Kim

Registration No. 36,186
Joanna K. Mason
Registration No. 56,408

Correspondence Address:

P.O. Box 8638

Reston, VA 20195

703 766-3777 pYKJKM:lhd

Date: July 2, 2012
Please direct all correspondence to Customer Number 34610
Q:\Documents\2019-993\333656
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the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

34610 7590 12/06/2012
KED & ASSOCIATES, LLP Certificate of Mailing or Transmission
’ I hereby certify that this Fee(s) Transmittal is being deposited with the United
P.O. Box 8638 States Postal Service with sufficient postage for first class mail in an envelope
Reston, VA 20195 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/698,478 02/02/2010 Hyung Hwa PARK HI-0434 4085
TITLE OF INVENTION: LIGHT SOURCE AND DISPLAY DEVICE HAVING THE SAME
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1770 $300 $0 $2070 03/06/2013
| EXAMINER | ART UNIT | crasssuscrass |
MACCHIAROLO, LEAH SIMONE 2885 362-618000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . . 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. ; . . 2
(2) the name of a single firm (having as a member a
[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toage Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%'ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

[ apeLicationvo. | FILING DATE FIRST NAMED INVENTOR | ATrorNEY DOCKETNO. | CoNFIRMATIONNO. |
12/698.478 02/02/2010 Hyung Hwa PARK HI-0434 4085
34610 7590 12/0612012 I EXAMINER |
KED & ASSOCIATES, LLP MACCHIAROLO, LEAH SIMONE
P.O. Box 8638
Reston, VA 20195 I ART UNIT PAPERNUMBER |

2885

DATE MAILED: 12/06/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 400 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 400 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.

Hisense Exhibit 1002, Page 272 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Application No. Applicant(s)

. . 12/698,478 PARK, HYUNG HWA
NOtlce Of AIIOWabIIIty Examiner Art Unit
LEAH S. MACCHIAROLO 2885

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed 2 July 2012.

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-3,7-24 and 27-31. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see htip//www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeadback@uspto.gov .

4. [J Acknowledgment is made of a claim for foreign priotity under 35 U.S.C. § 119(a)-(d) or (f).

a)[J Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. __
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [IX] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [J Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 09-12) Notice of Allowability Part of Paper No./Mail Date 20121130
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Application/Control Number: 12/698,478
Art Unit: 2885

Page 2

ALLOWANCE

The amendment submitted 2 July 2012 consists of changes to the claims and a response

to the previous amendment.

The amendment submitted 2 July 2012 has been considered and entered.

Allowable Subject Matter

Claims 1-3, 7-24, and 27-31 are allowed.

The following is an examiner’s statement of reasons for allowance: prior art, whether
taken alone or in combination, fails to disclose, teach, or render obvious the specifically called
for structural arrangements of:

An optical sheet on a top surface of the light guide plate, a conversion sheet
provided on a top surface of the optical sheet, wherein the optical sheet
includes a diffusion sheet and a prism sheet aligned with the diffusion
sheet, and wherein the optical sheet is disposed on the light guide plate
and the conversion sheet such that tile conversion sheet converts the color
of the light passing through the diffusion sheet and the prism sheet (claim
1).

An optical sheet provided on the light guide plate, the optical sheet including a
diffusion sheet and a prism sheet aligned with the diffusion sheet; a
display panel provided on the optical sheet; and a conversion layer

provided between the optical sheet and the display panel, wherein the
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Application/Control Number: 12/698,478 Page 3
Art Unit: 2885

conversion layer converts a first color of light emitted by the light guide

plate to a target color, and wherein the conversion laver converts the first
color of the fight passing through the diffusion sheet and the prism sheet
(claim 23).

An optical sheet on a top surface of the light guide plate; a conversion sheet
provided on a top surface of the optical sheet; and a reflective plate
positioned under the light guide plate, wherein the light emitting module is
positioned at a side edge of the light guide plate, and the optical sheet
includes a diffusion sheet and a prism sheet on the diffusion sheet, and the
conversion sheet is coated with a color coordinate material on an upper
surface of the diffusion sheet such that the conversion sheet converts the
color of the light diffusing by the diffusion sheet (claim 28).

The remaining claims are allowable due to their dependency.

Furthermore, regarding independent claims 1, 23, and 28, the prosecution history,
especially at the previous Remarks by Applicant (2 July 2012, pp. 12-16) clearly indicates the

reasons for allowance.

Finally, the closest prior art, Choi (US 2007/0147081), fails to disclose teach or render
obvious an optical sheet on a light guide plate in combination with the claimed structural
arrangement of the optical sheets and conversion sheets. Choi specifically lacks a light guide

plate. It would not have been obvious to include a light guide plate as it would detract from the

Hisense Exhibit 1002, Page 275 of 290
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01526



Application/Control Number: 12/698,478 Page 4
Art Unit: 2885

purpose of Choi's invention to have a think backlight by having a thicker diffusion plate [123]

serve as both a diffuser and light guide plate.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

CONCLUSION

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LEAH S. MACCHIAROLO whose telephone number is
(571)272-2719. The examiner can normally be reached on Monday through Friday 9 a.m. until
5:30 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jong-Suk (James) Lee can be reached on (571) 272-7044. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
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Application/Control Number: 12/698,478 Page 5
Art Unit: 2885

like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Leah Macchiarolo
Examiner, AU 2885
30 November 2012
/LSM/

/Jong-Suk (James) Lee/
Supervisory Patent Examiner, Art Unit 2885
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Application/Control No. Applicant(s)/Patent Under
Reexamination
, ) 12/698,478 PARK, HYUNG HWA
Notice of References Cited . .
Examiner Art Unit
LEAH S. MACCHIAROLO 2885 Page 1 of 1
U.S. PATENT DOCUMENTS
* Counts%colii?—il:tm’\tljgmg 55 Code MM?\a(t\?yy Name Classification
* | A | US-2007/0147081 06-2007 Choi, Jong-Hyun 362/612
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
| Us-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Coums(gjﬂﬁiﬂtm’\;gmg :; Code MMEi\a(tsYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20121130
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 12698478 PARK, HYUNG HWA
Examiner Art Unit
LEAH S MACCHIAROLO 2885
SEARCHED
Class Subclass Date Examiner
362 612,606,617-619,627,629,84,561,97.2,97.3,97.1 30 NOV 2012 LSM
SEARCH NOTES
Search Notes Date Examiner
See attached EAST search history printout. 24 MAR 2012 | LSM
INVENTOR search. See attached EAST search history printout. 24 MAR 2012 | LSM
TEXT searching. See attached EAST search history printout. 24 MAR 2012 LSM
FORWARD and BACKWARD citation searches on relevant art. See 24 MAR 2012 LSM
attached EAST search history printout.
UPDATED previous searches. See attached EAST search history 30 NOV 2012 | LSM
printout.
CONSULTED with Sharon Payne on allowability. She suggested a further 23NOV 2012 | LSM
search in 362/84,561,97.2,97.3,97.1 but had no further suggestions.
INTERFERENCE SEARCH
Class Subclass Date Examiner
See attached interference search history printout. 30 NOV 2012 LSM
U.S. Patent and Trademark Office Part of Paper No. : 20121130
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EAST Search History (Prior Art)
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Hyung Hwa PARK, Namdong-gu, KOREA, REPUBLIC OF;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
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