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(57) Abstract: Methods, apparatus, systems and articles of manufacture are disclosed for providing a display device with a quantum
dot enhancement film (QDEF) laminated to a light guide plate. Examples involve a device with a QDEF laminated to a light guide
plate and/or laminating a QDEF to a light guide plate of a device.
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LAMINATING A QUANTUM DOT ENHANCEMENT FILM
TO A LIGHT GUIDE PLATE

BACKGROUND

[8681]in recent years, flat panel displays (g.g., light emitting diode (LED)
displays, liquid crystal displays (LCD), eic.) have become the norm in
houssholds, businesses, elc. Not only do flat panel displays allow for relatively
more efficient use of space due to their panel design, but they implement
technology that allows Tor clearer picture over pravious generations of felevision
{e.g., projection televisions, cathode ray tube (CRT), sic.).

18002] Quantum dots are nanoparticles of semiconductor inorganic
materials {e.g., lead suifide (FbS), cadmium selenide {CdSe), zinc sulfide (ZnS),
ete.). In many instances a size of a quantum dot particle is 2 to 10 nanomelers,
or about 10 {0 20 atoms. Quantum dols are some of the first nano-producis to be

available commercially and may be used for illumination purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

180031 F1G. 1A is 2 laver diagram of an exampie display including a
laminated guanium dot enhancement film.

(G004 FIG. 1B is a laver diagram of an example quantum dot
enthancement film laminated o a light guide plats of the example display of FIG.
1A,

[GGO5IFIG. 1C is a laver diagram of an example guanium dot
enhancement film that may be used to implement the guantum dot enhancement
film of FIGS. 1A and/or 1B.

[GG06IFIG. 2 is a block diagram of an example display manufacturing
system including a guanium dot enhancement film laminator constructed in
accordance with the teachings of this disclosure to manufacture the guantum dot
enhancement film of FIGS. 1A, 1B, and/or 1C.
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[GOO7IFIG. 3 is a block diagram of an exampie quantum dot enhancement
filrn laminator that may implement the quantum dot enhancement film laminator
of FIG. 2.

(60081 FIG. 4 is a flowchart representative of example machine readable
instructions that may be egxecuted to implement the quantum dot enhancement
film laminator of FIGS. 2 andfor 3.

[G009IFIG. 5 is a flowchart representative of example machine readable
insiructions that may be executed 1o implement a portion of the machine
readable instructions of FIG. 4 to retrieve instructions for laminating a guantum
dot enhancement film to a light guide plate.

(60181 FIG. 6 is a flowchart representative of example machine readable
instructions that may be executed to implement a portion of the maching
readable instructions of FIG. 4 {o laminale a quantum dot enhancement film o a
light guide plate.

[GG141FIG. 7 is a block diagram of a processor platform capable of
execuling the instructions of FIGS. 4, 5 and/or 6 to implement the guantum dot
enhancement film laminator of FIGS. 2 and/or 3 to manufacture the quantum dot
enhancement film FIGS. 1A, 18, and/or 1C.

(8012 The figures are not o scale. Instead, to clarify multiple lavers and
regions, the thickness of the layers may be enlarged in the drawings. Wherever
possible, the same reference numbers will be used throughout the drawing(s)
and accompanying writlen description {0 refer to the same or like parts. As used
in this patent, stating that any part (e.g., a layer, film, area, or plaie) is in any way
positioned on (e.q., positioned on, located on, disposed on, or formead on, elc.)
another part, means that the referenced part is sither in contact with the other
part, or thatl the referenced part is above the other part with at least one
intermediate part located therebetween. Siating that any part is in contact with

ancther part means that there is no intermediate part between the two parts.
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DETAILED DESCRIPTION

16013] Examples disclosed herein involve laminating quantum dots and/or
a quantum dot enhancement film (QDEF) on a light guide plate of a display
device. Quantum dols display bright colors under influence of incident light due
to fluorescence. Various hues arg available based on the quantum dot material,
the guantum dot size, and/or the incident light applied o the quantum dols. As
disclosed herein, laminating a QDEF onto a light gquide plale of a display device
{e.9., a light emitling diode {(LED) display, a liguid crysial display (LCD), etc.) may
achisve a high color gamut, provide high brightness, be less thick, include less
assembly, improve vield rate, and/or provide energy savings relative (o previous
techniques used in display devices.

(80141 As used hersin, the term “laminate” (or any form therecl) is defined
as applying to a surface, for example, by bonding (e.g., via a chemical bond), by
adhering (e.g., via an adhesive), etc. Furthermore, “laminated on,” “laminated
t0,” “laminated with,” gtc. may be used herein interchangeably.

[6815] An example display disclosed hergin includes a light guide plate
and a QDEF iaminaled on the light guide plate. In some examples, the QDEF is
fess than 0.3 millimeters thick when laminated 1o the light guide plate. Examples
disclosed herein involve laminating a QDEF {o a light quide plate of a display to
improve a guality of the display. Some examples disclosed herein involve
laminaling a QDEF {o a light guide plate of a display by bonding quantum dots to
the light guide plate.

[60161FIG. 1A is a laver diagram of an exampie display 100 including a
laminated quantum dot enhancement film (QDEF) 110 construcied in accordancs
with the teachings of this disclosure.  In the illustrated example of FiG. 1A, the
display 100 includes the QDEF 110, a display pansel 120, a brighiness
enhancement film 130, a light guide plate 140, and a reflector 158. The example
display 100 may be a liquid crystal display (LCD), a light emitling diode (LED)
display, an organic LED (OLED) display, a touchscreen display, sic.

[68317] The example display panel 120 of FIG. 1A may be glass, plastic, or
any other type of material through which a user may view displayed images,

video, text, etc. on the display 100. The brighiness enhancement film 120 of
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FiG. 1A may be any suitable material and/or siructure {e.q., prismatic) that
increases brightness of the display 100 {e.g., a prism film). In some examples,
multiple layers of the brighiness enhancement film 130 or other types of
brighiness enhancement film may be included in the display 100. The example
tight guide plate 140 of FIG. 1A may be implemented by any suitable material
{e.g., a resin, a plastic, slc.) including any type of suitable light guide pattern
{(.g., V-cutling, dot printing, particulates, laser engraving, etc.) {0 provide a
fransparent and/or reflective panel of the display 100. The reflector 150 of the
display 100 may be implemented by any suitable material {e.g., aluminum foil)
having reflective properties to reflect light for the display 100.

(6018 The example QDEF 110 is laminated to the light guide piate 140
such that there is a relatively minimal air gap (or no air gap) between the light
guide piate 140 and the QDEF 116, As illustrated in FIG. 18, the QDEF 110is
faminated to the light guide plate 140 as illustrated by the adjoining laminate 160.
The adioining laminate 160 of the illustrated example of FIG. 1B represents an
example laminate bond and/or joint between the QDEF 110 and the light guide
plate 140. In the Hlustrated example of FIGS. 1A and 1B, when the QDEF 110 is
laminated fo the light guide plate 140 air particles between the QDEF 110 and
the light guide plate 140 are removed. Accordingly, there is little air gap or no air
gap between the QDEF 110 and the light guide plate 140. Furthermore, the
faminated QDEF 110 may partially or entirely mitigate light loss from the light
guide plate 140 by limiting the air gap in between the light guide plate 140 and
the QDEF 110.

[6G13] In some examples, a thickness of the QDEF 110 may be limiled to
a designated thickness (e.g., less than 0.3 millimeters {mm}} to limit an overall
thickness of the display 100 and/or a module of the display 100 (2.g., & housing
of the display 100} of FIG. 1A, Furthermore, the dirsctly bonded QBEF 110
allows for improved assembly of the display 100 as it avoids a step of gligning a
separated QDEF with the light quide plate 140, brightness enhancement film
130, and/or other compoenents of the display 100. In some examples, for

touchscreen displays, a direct bonding of the QDEF 110 to the light guide plate
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140 may improve bonding between a touch sensor of the display 100 and a LCD
panel of the display 100.

[0020]In some examples, as illustrated in FIG. 1C, the QDEF 110
includes a quantum dot laver 112 and a barvier film layer 114, In such examples,
the barrier film 114 is laminated to the light guide plate 140 and the quantum dot
fayer 112 is laminated o the barrier film layer. The example barrier fiilm 114 may
be implemented by any material and/or technigue to form a suitable barrier lo
water vapor and/or oxygen betwegen the light gquide plate 140 and the guantum
dot film 112.

[6G21] The QDEF 110 may include any combination of guantum dots,
including, but not limited 1o, cadmium selenide (CdSe) and zing selenide (InSe)
combination, a cadmium sulfide (CdS) and mercury sulfide (HgS) combination, a
cadmium sulfide (CdS) and zing sulfide (InS) combination, a cadmium selenide
(CdBe) and cadmium sulfide {Cd3) combination, a cadmium selenide (CdSe)
and zinc sulfide (Zn8) combination, a cadmium selenide (CdSe) and cadmium
sulfide {Cd&) and zinc sulfide (Zn&) combination, a cadmium selenide (CdSe)
and zino sulfide (Zn3) and cadmium sulfide {CdS) combination, a zinc selenide
{ZnSe) and zine sulfide {(Zn8) combination, or a zinc copper indium sulfide
{(ZnCuinGy) and other cadmium-free species combination.

180221F1G. 2 is a block diagram of an example display manufacturing
system 200 that facilitaies assembly of display devices {e.g., the display 100 of
FIG. 14), including a QDEF laminator 220 constructed in accordance with the
teachings of this disclosure. The example display manufacturing system
includes a light guide plate suppiier 210, the QDEF laminator 220, and a dispiay
assembler 230. The example light guide plate supplier 210 is 3 machine or
device that receives, stores, and/or supplies light guide plates. For example, the
fight guide plate supplier 210 may be a storage rack, a convayor belt, andiora
robot that facilitates and/or handies light guide plates that are 1o be inserted into
display modules and/or housings. The light guide plate supplier 210 in the
Hlustrated example of FIG. 2 provides light guids plates o the GDEF laminator
220. The QDEF laminator, which is described in further detaill below in

connection with FIG. 3, laminates a QDEF onlo light guide plates and provides
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the GDEF laminated light guide plates 1o the display assembler 230. The
example display assembler 230 of FIG. 2 inserts the QDEF laminated light guide
plate info a display device (e.g., a housing of a display device). The display
assembler 230 may also receive other componentis {e.q., display panels,
reflectors, brightness enhancement films, etc.) from other component suppliers
{not shown) of the display manufacturing system 200 that are to be used in
assembly of a display device. The display assembler 230 may be implemented
by any suitable assembly and/or manufaciuring machine (e.9., a programmable
robot).

16623 Accordingly, the display manufacturing system 200 of FIG. 2
facilitates assembly of displays including a QDEF laminated to light guide plates
of the assembled displays. The display manufacturing system 200 may provids
an increased production yield rate when compared 1o previous technigues as the
QDEF laminator 220 laminates the QDEF directly to a light guide plate, and thus
provides for less moving paris (i.e., a QDEF laminated light quide plate versus a
QDEF separate from a light guide plate) when the display assembler 230
assembles the displays. Furthermore, examples disclosed herein avoid an
assembly challenge in quality and productivity to prevent a QDEF from
separating from a light guide plate, which may occur more frequently as non-
laminated QDEFs become thinner within displays.

[60241F1G. 3 is a block diagram of an exampie QDEF laminalor 220,
which may be used to implement the QDEF laminator 220 of FIG. 2. The
example QDEF laminator 220 may be a device and/or apparatus in an assembly
line for making dispiays and/or light guide plates. The QDEF faminator 220 of
FIG. 3 includes a QDEF interface 310 and an applicator 320. The QDEF
interface 310 and the applicator 320 may be communicatively coupled by wired
and/or wireless conwmnunication links.

[6025] The QDEF interface 310 of the Hlustrated example of FIG. 3 allows
a user to configure the QDEF laminator 220. For example the QDEF interface
310 may be comprised of input and/or output devices. The QDEF interface 310
may be implemented by the interface 720, input device(s} 722, and/or ouiput

device(s) 724 of FIG. 7, described below. In some examples, the QDEF
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laminator 220 may include a memory and/or database o siore setlings and/or
information for laminating a QDEF (e.g., the QDEF 110) to a light guide plate
{e.g., the light guide plate 140). For example, a2 memory and/or database may
store instructions for types of quantum dots (g.g., cadmium sulfide, cadmium
selenide, zinc selenide, etc.), thicknesses of QDEF layers, eic. Accordingly, in
SOMe exampies, a user may indicate via the QDEF interface 310 a type, size,
ele. of light guide plate that is to be laminated by the QDEF laminator 220, and
the QDEF laminator 220 may determine a corresponding quanium dot
configuration and/or barrier film configuration for laminating a corresponding
QEEF on the light guide plate. In some examples, the QDEF laminator 220 may
be configured 1o automatically detect and/or determing a type of light guide plate
that is to be laminated with a QDEF. in such examples, the QDEF laminator 220
may be universally used {o laminate variocus types and/or sizes of light guide
plates.

[3828] The applicator 320 of the example QDEF laminator 220 iilustrated
in FIG. 3 applies a QDEF (s.g., the QDEF 110 of FIG. 1A} 1o a light guide plate
{e.g., the light guide plate 140}, The example applicator 320 may bond, adhere,
etc. guantum dots and/or g barrier film to the light guide plate in accordance with
instructions received from the QDEF interface 310 and/or instructions stored in a
database associated with the QDEF laminator 220, In some examples, the
applicator 320 applies a barrier film to the light guide plate and applies quantum
dots {0 the barrier film. In some examples, the applicator 320 forms a QDEF
including both a barrier film and a quantum dot configuration before directly
bonding the QDEF to a light guide plate. In some examples, the applicator 320
receives guanium dots from a supply of quantum dots. In other examples, the
applicator 320 may form guanium dots {e.g., from quantum dot nanoparticies,
such as atoms of cadmium, sulfur, zing, mercury, ete.) and/or guanium dot
configurations (from formed guanium dots) prior to forming a QDEF and/or
applying the QDEF.

[6427]While an example manner of implementing the QDEF laminator
220 of FIG. 2 is Hlustrated in FiIG. 3, at least ons of the elements, processes

and/or devices iliusirated in FIG. 3 may be combined, divided, re-arranged,

-7 -
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omitted, eliminated and/or implemented in any other way. Further, GDEF
interface 310, the applicator 320, and/or, more generally, the example QDEF
faminator 220 of FIG. 3 may be implemented by hardware, software, firmware
and/or any combination of hardware, software and/or firmware. Thus, for
example, any of QDEF interface 310, the applicator 320, and/or, more generally,
the example QDEF laminator 220 of FIG. 3 could be implementied by at least one
of an analog or digital circuit, a logic circuit, a programmable processor, an
application specific integrated circuit (ASIC), a programmable logic device (PLD)
and/or a field programmable logic device (FPLD). When reading any of the
apparatus or system claims of this palent {o cover a purely software and/or
firmware implementation, al ieast ong of the QDEF interface 310 or/and the
applicator 320 is/are hereby expressly defined {o include a tangible computer
readable storage device or siorage disk such as a memory, a digital versatile
disk {DVD), a compact disk {CD), a Blu-ray disk, efc. storing the sofiware and/or
firmware. Further still, the example QDEF laminator 220 of FIG. 3 may include at
lsast one element, process, and/or device in addition to, or instead of, thoss
Hlustrated in FIG. 3, and/or may include more than one of any or all of the
Hlustraled slements, processes and devices.

[6028] Fiowcharts representative of example machine readable
instructions for implementing the QDEF laminator 220 of FIGS. 2 and/or 3 are
shown in FIGS. 4, 5 and/or 6. In this example, the machine readable instructions
comprise a program/process for execution by a processor such as the processor
712 shown in the example processor platform 700 discussed below in connection
with FIG. 7. The programs/processes may be embodied in software stored on a
tangible computer readable siorage medium such as a CD-ROM, a floppy disk, a
hard drive, a digital versatile disk (DVD), a Blu-ray disk or a memory associated
with the processor 712, but the entirg programs/processes and/or parts thereof
could alternatively be executed by a device other than the processor 712 and/or
embaodied in firmware or dedicated hardware. Further, although the example
programs/processes are described with reference o the flowcharts illustrated in
FiGo. 4, 5, and/or 8, many cther methods of implementing the example QDEF

laminator 220 may alternatively be used. For example, the order of execution of
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the blocks may be changed, and/or some of the biocks described may be
changed, eliminated, or combined.

[0028] The process 400 is execuled to implement the QDEF laminator 220
to laminate a QDEF o a light guide plate that is o be instalied in a display {e.g.,
a LCB). The process 400 may be iterative. Accordingly, the QDEF laminator
220 may repeat the process 400 for each light guide plate that is 1o be laminated.
in some examples, the QDEF laminator 220 may monitor for receipt of a light
guide piate from the light guide plate supplier 210. Upon receipt of the light guide
plate, the QDEF laminator 220 may be implementad by the process 400 of FIG.
4.

[6038] The example process 400 of FIG. 4 begins at block 410 {e.g., in
response 1o startup of the display manufaciuring system 200, instaliation of the
QDEF laminator 220, etc.). Al block 410, the QDEF interface 310 of the QDEF
larminator 220 retrieves and/or receives instructions for laminating a quantum dot
enhancement film 1o a light guide plaie. Al block 420, the applicator of the QDEF
laminator 220 laminates the quantum dot enhancement film o the Hght guide
plate. After block 420, the process 400 ends.

[G031]FIG. 5 illuslrates an example process 410, representative of
machine readable instructions that may be executed to implement block 410 of
FIG. 4 and/or to implement QDEF interface 310 of FIG. 3 to retrieve instructions
for laminating a QDEF lo a light guide plate. Such instructions may include an
indication that the QDEF is t¢ include certain characteristics, for example, a type
of gquantum dot configuration, material, thickness, a presence of a barier film, or
any other characleristic of the QDEF. The process 410 begins at block 510 with
an initiation of the QDEF laminalor 220, At block 510, the QDEF interface 310
detarmines whether the QDEF laminator 220 is 10 laminate a QDEF based on a
tight guide plate received from the light guide plate supplier 210, In other words,
the QDEF interface 310 delermines whether the characieristics of the received
light quide plate are to be determined and/or analyzed for laminating the QDEF.
If the QDEF interface 310 determines that the QDEF is not to be laminated
based on the characteristics of the light guide plate, control advances to block
540. If the QDEF interface 310 determines that the QDEF is o be laminated

-G
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based on the characteristics of the light quide plate (block 510), the QDEF
interface 310 determines charadcleristics of the light guide plale received form the
fight guide plate supplier 210. For example, the QDEF laminator 220 may use
sensors to scan and/or analyze the received light guide plaie to identify
characteristics of the light guide plate {e.g., transmittance, configuration, size,
materials, etc.). Al block 530, the QDEF interface retrieves instructions from a
database {8.q., a dalabase of the QDEF laminator 220 and/or a database in
communication with the QDEF laminator 220) for laminating the QDEF based on
the light guide plate characieristics.

(30321 At block 540, the QDEF interface 310 relrieves user instructions for
faminating the QDEF {o the light guide plate. In some examples, the QDEF
interface may retrigve default instructions and/or most recently received
instructions from a user for laminating a QDEF {o a light guide plate. Additionally
or allernatively, the QDEF interface 310 may prompt a user for instructions for
laminating the QDEF to the light guide plate. After block 530 or 540 in the
fHlustrated example of FiG. 5, the process 410 ends.

[RO33IFIG. 6 illustrates an example process 420, representative of
machine readable instructions that may be executed {0 impiement block 420 of
FIG. 4 and/or to implement the applicator 320 of FIG. 3 to laminate a QDEF o &
fight guide plate. At block 810 of FiGa. 8, the appilicator 320 may delermine a
desired thickness of the QDEF thal is to be laminated to a light guide plate. For
example, the applicator 320 may refer {¢ instructions received from the QDEF
interface 310 that indicate the thickness. At block 620, the applicator 320
determines whether to include a barrier film in the QDEF {e.g., by referring fo the
instructions received from the QDEF interface 310). If, at block 620, the
applicator 320 determines that a barrier film is not {o be included in the QDEF,
control advances o block 840, If the applicator 320 determines that a barrier film
is to be included in the QDEF (block 820), at block 830, the applicator 320
prepares a barrier film for the QDEF. For example, at block 830, the applicator
320 may form a barrier film for the QBEF and/or apply a barrier film {o the light

guide piate (8.g., using chemical bonding, an adhesive, elc.).
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[6334] At block 840, the applicator 320 bonds the QDEF having the
determined thickness with the light guide plate. For example, at block 640, the
applicator 320 may bond the QDEF (with our without the barrier film) directly to
the light guide plate. After block 640, the example process 420 ends.

[8035] As mentioned above, the example processes of FIGS. 4, 5 and/or 6
may be implemented using coded instructions {(e.g., computer and/or machine
readable insiructions) stored on a tangible compuier readable storage medium
such as a hard disk drive, a flash memory, a read-only memory (ROM), &
compact disk {CD), a digital versatile disk (BVD), a cache, a random-access
memory {(RAM) and/or any other storage device or storage disk in which
information is stored for any duration {e.g., for extended time periods,
permanently, for brief instances, for temporarily buffering, and/or for caching of
the information}. As used herein, the term tangible computer readable storage
mediurm is expressly defined to include any type of computer readable storage
device and/or storage disk and 10 exclude propagating signals and 1o exclude
transmission madia. As used herein, "angible computer readable storage
medium” and "tangible machine readable storage medium® are used
interchangeably. Additionally or alternatively, the example processes of FIGS. 4,
5, and/or 6 may be implemented using coded instructions {e.g., computsr and/or
machine readable instructions) siored on a non-transiory computer and/or
machine readable medium such as a hard disk drive, a flash memory, a read-
only memory, a compact disk, a digital versatile disk, a cache, a random-access
memory and/or any other storage device or storage disk in which information is
stored for any duration {g.q., for extended time periods, permanently, for brief
instances, for temporarily buffering, and/or for caching of the information). As
used herein, the term non-transitory computer readable medium is expressly
defined to include any type of computer readable storage device and/or siorage
disk and to exclude propagating signals and to exclude transmission media. As
used herein, when the phrase "at least” is used as the transitiontermin a
preamble of a claim, it is open-ended in the same manner as the term

"comprising” is open ended.
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[GG36]FIG. 7 is a block diagram of an exampie processor platform 700
capable of executing the instructions of FIGS. 4, § and/or 8 to implement the
QDEF laminator 220 of FIGS. 2 and/or 3. The processor platform 700 can be, Tor
example, a server, a personal computer, a mobile device {2.g., a cell phone, a
smart phone, a tablet such as an iPad™, elc.), a personal digital assistant (PDA),
an Internet appliance, a field device, a control system device, or any other type of
compuling device.

[8837] The processor platform 700 of the Hlustrated example of FIG. 7
includes a processor 712, The progcessor 712 of the iHlustrated example is
hardware. For example, the processor 712 can be implemented by at least one
integrated circuit, logic circuit, microprocessor or controller from any desired
family or manufacturer.

[0038] The processor 712 of the lHlustrated example includes a local
memory 713 {e.g., a cache). The processor 712 of the Hiustrated example is in
communication with a main memory including a volatile memory 714 and a non-
volatile memory 716 via a bus 718, The volatile memory 714 may be
implemented by Synchronous Dynamic Random Access Memory (SDRAM),
Dynamic Random Access Memory (DRAM), RAMBUS Dynamic Random Access
Memory (RDRAM) and/or any other type of random access memaory device. The
non-volatile memory 718 may be impiemented by flash memory and/or any other
desired type of memory device. Access to the main memory 714, 716 is
controlied by a memory coniroller.

[3638] The processor platform 700 of the Hlustrated exampie also includes
an interface circuit 720, The interface circull 720 may be implemented by any
type of interface standard, such as an Ethernet interface, a universal serial bus
(LUSB), andior a PCI express interface.

(80481 in the Hustrated example, at least one input device 722 is
connected {o the interface circuit 720. The input device(s) 722 permit{s) a user
to enter data and commands info the processor 712, The input device(s) can be
implemented by, for example, an audic sensor, a microphone, a camera (still or
video), a keyboard, a bulton, a mouse, a touchscreen, a track-pad, a trackball,

ISO-point and/or a voice recognition system.

R
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[841] At least one output device 724 is also connecled to the inferface
circuit 720 of the fllusirated exampie. The oulput device(s) 724 can be
implemented, for example, by display devices {e.g., a light emilting diode (LED),
an organic light emiting diode (OLED), a liquid crystal display, a cathode ray
tube display (CRT), a touchscreen, a {actile output device, a printer andfor
speakers). The interface circuit 720 of the illustrated example, thus, typically
includes a graphics driver card, a graphics driver ¢hip or a graphics driver
DFOCESSOF.

[3842] The interface circuit 720 of the illustrated example also includes a
communication device such as a fransmitier, a receiver, a transceiver, a modem
and/or network interface card to Tacilitate exchange of data with external
machines (g.g., compuling devices of any kind) via a nelwork 726 {(8.g., an
Ethernet connection, a digital subscriber line {DSL), a telephone line, coaxial
cable, a cellular telephone system, etc.).

[8843] The processor platform 700 of the Hiustrated exampile also includes
at least one mass storage device 728 for storing software and/or data. Examples
of such mass siorage device(s) 728 include floppy disk drives, hard drive disks,
compact disk drives, Blu-ray disk drives, RAID systemns, and digiial versatile disk
(BVD) drives.

18044] The coded instructions 732 of FIGS. 4, 5§, andfor & may be stored in
the mass storage device 728, in the local memory 713 in the volatile memory
714, in the non-volatile memory 718, and/or on a removabie tangible computer
readable storage medium such as a CD or DVD.

[6G45] From the foregoing, it will be appreciated that the above disclosed
methods, apparatus and articles of manufacture involve a QDEF laminated (o a
light guide plate of a display device. The examples disclosed herein for providing
a laminated QDEF on a light guide plate of a display device may allow for the
display device and/or manufaciuring of the display 1o provide increased color
gamut, brightness improvement, increased energy saving, reduction of display
module thickness, improved assembly and production yield rate, and mitigation

of light loss over previous technigues used in display devices.

-13 -
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[60346] Although certain example methods, apparatus and articles of
manufacture have been disclosed herein, the scope of coverage of this patent is
not imited thereto. On the contrary, this patent covers all methods, apparatus
and articles of manufacture fairly falling within the scope of the claims of this

patent.

-44 -
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What Is Claimed ls:
1. A display comprising:
a light guide plate; and

a guanium dot enhancement film laminated on the light guide plate.

2. The display of claim 1, wherein the quantum dot enhancement film
comprises a guantum dot film and a barrier film, the barrier film baing located

between the light guide plate and the quantum dot film.

3. The display of clalm 1, wherein the quantum dot enhancement film
is laminated to the light guide plate by quantum dot direct bonding to remove air

particles between the light guide plate and the quanium dot enhancement film.

4. The display of claim 1, wherein a thickness of the guanium dot

grnthancement film is less than 0.3 milimeters.

§. The display of claim 1, wherein the laminated quantum dot
enhancemaent film relatively increases a color gamut of the display compared to a

guanium dot enhancement film that is not laminated o the light guide plate.

8. The display of claim 5, wherein the display is a liguid crystal
display.
7. The display of claim 1, wherein the laminated guantum dot

enhancemaent film is to limit Hight loss from the light guide plate.

8. A method comprising:

retrieving instructions for laminating a guanium dot enhancement fiimto a
light gquide plate; and

laminating the guantum dot enhancament film {o the light guide plate

hased on the instructions.

- 15 -
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9. The method of claim 8, whergin laminating the quantum dot
enhancement film comprises:
laminating a barrier film to the light guide plate; and

bonding guanium dots to the barrier film.

10. The method of claim 8, wherein the instructions indicate the

quantum dot enhancement film is to have a thickness of less than 0.3 millimeters.

11.  The mesthod of claim 8, whergin laminating the quantum dot
enhancement film to the light guide plate comprises a direct bonding of quantum

dots with the light guide plate.

12.  The method of claim 11, wherein the instructions indicate ths
quantum dols are (o comprise at least one of a cadmium selenide and zinc
selenide combination, a cadmium sulfide and mercury suffide combination, a
cadmium sulfide and zing sulfide combination, a cadmium selenide and cadmium
sulfide combination, a cadmium selenide and zing sulfide combination, a
cadmium sslenide and cadmium sulfide and zinge sulfide combination, a cadmium
selenide and zinc sulfide and cadmium sulfide combination, a zine selenide and
zinc sulfide combination, or a zinc copper indium sulfide (ZnCulnS:) and other

cadmium-free species combination.

13.  An apparatus comprising:

an interface 10 manage instructions for laminatling a quantum dot
enhancement film on a light guide plale; and

an applicator 1o laminate guantum dots of the guantum dot enhancement

fim on a light gquide plate based on the insiructions.
14.  The apparatus of claim 13, wherein the applicalor is to:

bond the quantum dots to the light guids plate based on

instructions received from a user.

-16 -
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18.  The apparatus of claim 14, wherein the interface is {o:
determine characteristics of the light guide plate; and
refrieve the insiructions corresponding the characteristics of the light guide

plaie from a database.

-17 -
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