Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

Economi

i+l

Innovation, Science and

CA 2927191 C 2022/02/15

Canadian Inte(ll:ecl::t)ujl\,:l(::r)tc]offzz Canada (1 1)(21) 2 927 1 91
(12 BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépo6t PCT/PCT Filing Date: 2014/10/16

(87) Date publication PCT/PCT Publication Date: 2015/04/23
(45) Date de délivrance/lssue Date: 2022/02/15

(85) Entrée phase nationale/National Entry: 2016/04/12

(86) N° demande PCT/PCT Application No.: US 2014/060840
(87) N° publication PCT/PCT Publication No.: 2015/057930
(30) Priorité/Priority: 2013/10/17 (US61/892,027)

(51) CLInt./Int.Cl. GO9F 9/33(2006.01),
B82Yy 20/00(2011.01), GO2B 6/10(2006.01),
GO2F 1/13357(2006.01)

(72) Inventeurs/Inventors:
CHEN, JIAN, US;
DUBROW, ROBERT 8., US;
GENSLER, STEVEN, US;
HARTLOVE, JASON, US;
LEE, ERNEST, US;
WILSON, ROBERT EDWARD, US

(73) Propriétaire/Owner:
NANOSYS, INC., US

(74) Agent: SMART & BIGGAR LLP

(54) Titre : DISPOSITIFS A DIODES ELECTROLUMINESCENTES (DEL)

(54) Title: LIGHT EMITTING DIODE (LED) DEVICES

s,

g

e
- %‘;‘fﬁ%xﬁﬁy&w@»@wa

¥

i

et

i

S
%
Vi
£

(57) Abrégé/Abstract:
Disclosed herein are display systems comprising light-emitting

diodes (LED&), suitably blue light LEDs, which demonstrate

increased optical power output. In embodiments, the display systems include compositions comprising phosphors, including

luminescem nanocrystals.

C ana dg http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - http:/cipo.ge.ca

OPIC - CIPO

OPIC

191



wo 2015/057930 A 1[I I 000000 R O

(43) International Publication Date

CA 02927191 2016-04-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/057930 A1l

23 April 2015 (23.04.2015) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
G02B 6/10 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Tt tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCT/US2014/060840 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
16 October 2014 (16.10.2014) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. ) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/892.027 17 October 2013 (17102013) Us (84) Designated States (unless otherwise indicated, fO}" every
’ kind of regional protection available): ARIPO (BW, GH,
(eh)) Applicaqt: .NANOSYS, INC. [US/US]; 233 S. Hillview GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Drive, Milpitas, CA 95035 (US). TZ, UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU,
(72) Tnventors: CHEN, Jian; 20999 Sarahills Dr., Saratoga, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
. DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

CA 95070 (US). DUBROW, Robert, S.; 766 Orange Av-

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
enue, San Carlos, CA 94070 (US). GENSLER, Steven; SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ
3289 Pappani Way, San Jose, CA 95148 (US). GV\; KM, ML. MR I,\IE ,SN ’TD :FG), T e
HARTLOVE, Jason; 1943 Alford Ave., Los Altos, CA ’ > ’ > P ’

94024 (US). LEE, Ernest; 3530 Whitsell Avenue, Palo Published:
éétL?i,s iﬁa?fi”(e)fo(glf g' ZZ‘H;‘S‘%I\;’ (Il}gg)ert, Edward; 2585 __ with international search report (Art. 21(3))
(74) Agent: MILLS, Jeffrey, K.; Fanelli Haag & Kilger PLLC,
1300 I Street, N.W., Suite 850 West, Washington, DC
20005 (US).
(54) Title: LIGHT EMITTING DIODE (LED) DEVICES
100 G, 14

(57) Abstract: Disclosed herein are display systems comprising light-emitting diodes (LED&), suitably blue light LEDs, which
demonstrate increased optical power output. In embodiments, the display systems include compositions comprising phosphors, in-
cluding luminescem nanocrystals.



-1-

LIGHT EMITTING DIODE (LED) DEVICES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to display systems comprising light-emitting
diodes (LEDs), suitably blue light LEDs, which demonstrate increased optical
power output. In embodiments, the display systems include compositions

comprising phosphors, including luminescent nanocrystals.

Background of the Invention

[0002] In liquid crystal display (LCD) backlights, white LEDs are typically utilized
as a light source. In one configuration, the LEDs are arranged around the edge
or perimeter of the display. In such the case of edge-lit backlights, light
emanating from the LEDs enters a light guide plate which distributes white
light uniformly across the display. White LED package designs have been
optimized to enable high extraction efficiency and coupling efficiency into the
light guide plate.

[0003] LCD backlights often utilize phosphors, such as YAG phosphors.
Traditionally, these phosphors have been situated inside the LED package itself.
Luminescent nanocrystals represent a new, alternative class of phosphors often
used in remote-phosphor configurations where the phosphor is no longer inside
the LED package. For example, luminescent nanocrystals can be embedded in
a flexible film/sheet that is placed above a light guide plate (see, e.g., Published
U.S. Patent Application Nos. 2010/0110728 and 2012/0113672). In other
examples, luminescent nanocrystals are encapsulated in a container, for
example a capillary, which is placed between the LEDs and the light guide plate
(see, e.g., Published U.S. Patent Application No 2010/0110728).
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2.

[0004] Blue LED light extraction efficiency and coupling efficiency into the light guide
plate play a critical role in the overall display efficiency. Blue light extraction efficiency
is poor in current blue LED designs. This is most likely a result of the reflection from the
encapsulation-polymer/air interface. A significant amount of the blue light is reflected
from this interface back toward the blue die of the LED, which in turn absorbs the blue
light.

[0005] Disclosed herein are embodiments that overcome this deficiency with blue LED-

based display devices, thereby increasing the optical power output of such devices.

SUMMARY OF PREFERRED EMBODIMENTS

[0006] In embodiments, the present application provides display systems, suitably
comprising one or more blue light emitting diode(s) (LED), a light guide plate, optically
coupled to the blue LED, a display and a composition comprising a plurality of
phosphors, the composition oriented between the light guide plate and the display.
Suitably, the display system exhibits increased optical power output as compared to a
display system where the light guide plate is not optically coupled to the blue LED.

[00064a] Also provided is a method of providing a display system, the method comprising:
disposing an optically clear material between one or more blue light emitting diodes
(LEDs) and a light guide plate to eliminate an air gap between the one or more blue
LEDs and the light guide plate, and to optically couple the one or more blue LEDs to the
light guide plate, the optically clear material having a refractive index matched to the
light guide plate to reduce optical losses of light passing between the one or more blue
LEDs and the light guide plate during operation; providing a display panel, such that light
provided by the one or more blue LEDs associated with the display system can pass
through the optically clear material and the light guide plate to the display panel; and

disposing a composition comprising a plurality of nanocrystal phosphors oriented

CA 2927191 2019-10-15
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between the light guide plate and the display panel; wherein, when light is provided from
the one or more blue LEDs through the optically clear material and the light guide plate,
the display system exhibits increased optical power output due at least in part to the

elimination of the air gap by the optically clcar material.

[0006Db] Also provided is a method of providing a display system, the method comprising:

[0007]

[0008]

[0009]

providing a light source, the light source comprising one or more blue light emitting
diodes (LEDs) having a clear encapsulation polymer; disposing an optically clear
material between the light source and a light guide plate to eliminate an air gap between
the light source and the light guide plate, and to optically couple the light source to the
light guide plate, the optically clear material having a refractive index matched to the
light guide plate to reduce optical losses of light passing between the light source and the
light guide plate during operation; providing a display panel, such that light provided by
the light source associated with the display system can pass through the optically clear
material and the light guide plate to the display panel; and providing a composition
comprising a plurality of nanocrystal phosphors, the composition oriented between the
light guide plate and the display panel; wherein, when light is provided from the light
source through the optically clear material and the light guide plate, the display system
exhibits increased optical power output due at least in part to the elimination of the air
gap by the optically clear material.

In embodiments, the light guide plate is optically coupled to the blue LED with a
tape or an adhesive. In embodiments, the light guide plate is optically coupled to the blue
LED via an encapsulant protruding from the LED.

Suitably, the phosphors are YAG phosphors, silicate phosphors, garnet phosphors,
aluminate phosphors, nitride phosphors, NYAG phosphors, SiAION phosphors and
CASN phosphors. In further embodiments, the phosphors are luminescent nanocrystals,
for example luminescent nanocrystals comprising CdSe or ZnS, including for example,
luminescent nanocrystals comprising CdSe/ZnS, InP/ZnS, InP/ZnSe, PbSe/PbS,
CdSe/CdS, CdTe/CdS or CdTe/ZnS.

In exemplary embodiments, the composition is a film.

CA 2927191 2019-10-15



CA 02927191 2016-04-12

-3-

[00010] Suitably, the display is a liquid crystal module.

[00011] In additional embodiments, the systems further comprise one or more of a
diffuser, one or more brightness enhancement films (BEFs) and a reflector.

[00012] In embodiments, the display systems suitably exhibit at least a 10% increase
in optical power output as compared to a display system where the light guide plate
is not optically coupled to the blue LED.

[00013] Also provided are display systems, suitably comprising one or more blue
light emitting diode(s) (LED), a light guide plate optically coupled to the blue LED,
a display and a film comprising a plurality of phosphors, the film oriented between
the light guide plate and the display. Suitably, the display system exhibits at least a
10% increase in optical power output as compared to a display system where the
light guide plate is not optically coupled to the blue LED.

[00014] Exemplary methods for optical coupling are described herein, as are suitable
phosphors, including luminescent nanocrystals.

[00015] Also provided are display systems, suitably comprising one or more blue
light emitting diode(s) (LED), a light guide plate, optically coupled to the blue LED,
a polymeric film comprising a plurality of phosphors, the polymeric film oriented
above the light guide plate, one or more brightness enhancement films (BEFs)
oriented above the polymeric film, a top diffuser oriented above the BEFs and a
liquid crystal module oriented above the top diffuser. Suitably, the display systems
exhibit at least a 10% increase in optical power output as compared to a display
system where the light guide plate is not optically coupled to the blue LED.

[00016] Exemplary methods for optical coupling are described herein, as are suitable
phosphors, including luminescent nanocrystals.

[00017] Also provided are methods of increasing optical power output of a blue light
emitting diode (LED) in a display system, comprising optically coupling the blue
LED to a light guide plate of the display system.
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[00018] In embodiments of the methods, the optical coupling comprises coupling the
blue LED to the light guide plate with tape or an adhesive. In embodiments of
the methods, the light guide plate is optically coupled to the blue LED via an
encapsulant protruding from the LED.

[00019]  Suitably, the methods increase the optical power output of the blue LED by
at least 10% as compared to a display system that does not comprise the blue
LED optically coupled to the light guide.

[00020] Further embodiments, features, and advantages of the embodiments, as well
as the structure and operation of the various embodiments, are described in

detail below with reference to accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[00021] FIG. 1A shows an exemplary display system as described herein.

[00022] FIG. 1B shows an additional exemplary display system as described herein.

[00023]  FIGs. 2A-2C show schematics illustrating the source of loss of optical power
output in blue LEDs and the effect of optical coupling between an LED and a
light guide plate.

[00024] FIGs. 3A-3B show theoretical calculations of spectral power density and
integrated spectral power density for blue and white LEDs.

[00025]

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[00026] It should be appreciated that the particular implementations shown and
described herein are examples and are not intended to otherwise limit the scope
of the application in any way.

[00027]

(13 2 (13

[00028] As used in this specification, the singular forms “a,

29

an” and “the

specifically also encompass the plural forms of the terms to which they refer,

Date Regue/Date Received 2021-04-28



unless the content clearly dictates otherwise. The term “about” is used herein to
mean approximately, in the region of, roughly, or around. When referring to
any numerical value, "about" means a value of +/-10% of the stated value (e.g.
"about 100 nm" encompasses a range of sizes from 90 nm to 110 nm,
inclusive).

[00029] Technical and scientific terms used herein have the meaning commonly
understood by one of skill in the art to which the present application pertains,
unless otherwise defined. Reference is made herein to various methodologies

and materials known to those of skill in the art.

Luminescent Nanocrystal Phosphors

[00030] Described herein are various compositions comprising nanocrystals,
including luminescent nanocrystals. The various properties of the luminescent
nanocrystals, including their absorption properties, emission properties and
refractive index properties, can be tailored and adjusted for various
applications. As used herein, the term "nanocrystal" refers to nanostructures
that are substantially monocrystalline. A nanocrystal has at least one region or
characteristic dimension with a dimension of less than about 500 nm, and down
to on the order of less than about 1 nm. The terms "nanocrystal," "nanodot,"
"dot," "quantum dot" and “QD” are readily understood by the ordinarily skilled
artisan to represent like structures and are used herein interchangeably. The
present invention also encompasses the use of polycrystalline or amorphous
nanocrystals. As used herein, the term "nanocrystal" also encompasses
"luminescent nanocrystals." As wused herein, the term "luminescent
nanocrystals" means nanocrystals that emit light when excited by an external
energy source (suitably light).

[00031] The material properties of nanocrystals can be substantially homogenous, or
in certain embodiments, can be heterogeneous. The optical properties of
nanocrystals can be determined by their particle size, chemical or surface

composition. The ability to tailor the luminescent nanocrystal size in the range
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between about 1 nm and about 15 nm enables photoemission coverage in the
entire optical spectrum to offer great versatility in color rendering. Particle
encapsulation offers robustness against chemical and UV deteriorating agents.

[00032] Nanocrystals, including luminescent nanocrystals, for use in embodiments
described herein can be produced using any method known to those skilled in
the art. Suitable methods and exemplary nanocrystals are disclosed in U.S.
Patent No. 7,374,807; U.S. patent application Ser. No. 10/796,832, filed Mar.
10, 2004; U.S. Pat. No. 6,949.206; and U.S. Provisional Patent Application No.
60/578,236, filed Jun. 8, 2004.

[00033] Luminescent nanocrystals for use in embodiments described herein can be
produced from any suitable material, including an inorganic material, and more
suitably an inorganic conductive or semiconductive material. Suitable
semiconductor materials include those disclosed in U.S. patent application Ser.
No. 10/796,832, and include any type of semiconductor, including group II-VI,
group III-V, group IV-VI and group IV semiconductors. Suitable
semiconductor materials include, but are not limited to, Si, Ge, Sn, Se, Te, B, C
(including diamond), P, BN, BP, BAs, AIN, AIP, AlAs, AlISb, GaN, GaP,
GaAs, GaSb, InN, InP, InAs, InSb, AIN, AIP, AlAs, AlSb, GaN, GaP, GaAs,
GaSb, ZnO, ZnS, ZnSe, ZnTe, CdS, CdSe, CdTe, HgS, HgSe, HgTe, BeS,
BeSe, BeTe, MgS, MgSe, GeS, GeSe, GeTe, SnS, SnSe, SnTe, PbO, PbS,
PbSe, PbTe, CuF, CuCl, CuBr, Cul, SisN4, GesN4, Al203, (Al, Ga, In): (S, Se,
Te)s, ALCO, and an appropriate combination of two or more such
semiconductors.

[00034] In certain embodiments, the nanocrystals may comprise a dopant from the
group consisting of a p-type dopant or an n-type dopant. The nanocrystals
useful herein can also comprise II-VI or III-V semiconductors. Examples of II-
VI or III-V semiconductor nanocrystals include any combination of an element
from Group I, such as Zn, Cd and Hg, with any element from Group VI, such

as S, Se, Te and Po, of the Periodic Table; and any combination of an element
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from Group III, such as B, Al, Ga, In, and Tl, with any element from Group V,
such as N, P, As, Sb and Bi, of the Periodic Table.

[00035] The nanocrystals, including luminescent nanocrystals, useful in
embodiments described herein can also further comprise ligands conjugated,
cooperated, associated or attached to their surface. Suitable ligands include any
group known to those skilled in the art, including those disclosed in U.S. patent
application Ser. No. 12/799,813, filed April 29, 2010; U.S. patent application
Ser. No. 12/076,530, filed Mar. 19, 2008; U.S. patent application Ser. No.
12/609,736, filed Oct. 30, 2009; U.S. patent application Ser. No. 11/299,299,
filed Dec. 9, 2005; U.S. Pat. No. 7,645,397; U.S. Pat. No. 7,374,807; U.S. Pat.
No. 6,949.206; U.S. Pat. No. 7,572,393; and U.S. Pat. No. 7,267,875. Use of
such ligands can enhance the ability of the nanocrystals to incorporate into
various solvents and matrixes, including polymers. Increasing the miscibility
(i.e., the ability to be mixed without separation) of the nanocrystals in various
solvents and matrixes allows them to be distributed throughout a polymeric
composition such that the nanocrystals do not aggregate together and therefore
do not scatter light. Such ligands are described as "miscibility-enhancing”
ligands herein.

[00036] In certain embodiments, compositions comprising nanocrystals distributed or
embedded in a matrix material are provided. Suitable matrix materials can be
any material known to the ordinarily skilled artisan, including polymeric
materials, organic and inorganic oxides. Compositions described herein can be
layers, encapsulants, coatings, sheets or films. It should be understood that in
embodiments described herein where reference is made to a layer, polymeric
layer, matrix, sheet or film, these terms are used interchangeably, and the
embodiment so described is not limited to any one type of composition, but
encompasses any matrix material or layer described herein or known in the art.

[00037] Down-converting nanocrystals (for example, as disclosed in U.S. Patent No.
7,374,807) utilize the emission properties of luminescent nanocrystals that are

tailored to absorb light of a particular wavelength and then emit at a second
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wavelength, thereby providing enhanced performance and efficiency of active
sources (e.g., LEDs).

[00038] While any method known to the ordinarily skilled artisan can be used to
create nanocrystals (luminescent nanocrystals), suitably, a solution-phase
colloidal method for controlled growth of inorganic nanomaterial phosphors is
used. See Alivisatos, A. P., "Semiconductor clusters, nanocrystals, and quantum
dots,” Science 271:933 (1996); X. Peng, M. Schlamp, A. Kadavanich, A. P.
Alivisatos, "Epitaxial growth of highly luminescent CdSe/CdS Core/Shell
nanocrystals with photostability and electronic accessibility," J. Am. Chem. Soc.
30:7019-7029 (1997); and C. B. Murray, D. J. Norris, M. G. Bawendi,
"Synthesis and characterization of nearly monodisperse CdE (E=sulfur,
selenium, tellurium) semiconductor nanocrystallites," J. Am. Chem. Soc.
115:8706 (1993). This manufacturing process technology leverages low cost
processability without the need for clean rooms and expensive manufacturing
equipment. In these methods, metal precursors that undergo pyrolysis at high
temperature are rapidly injected into a hot solution of organic surfactant
molecules. These precursors break apart at elevated temperatures and react to
nucleate nanocrystals. After this initial nucleation phase, a growth phase begins

by the addition of monomers to the growing crystal. The result is freestanding
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wavelengths and concentrations can be adjusted to meet the optical performance
required. In still other embodiments, the luminescent nanocrystals phosphor
material can comprise a population of luminescent nanocrystals which absorb
wavelengths of light having undesirable emission wavelengths, and reemit
secondary light having a desirable emission wavelength. In this manner, the
luminescent nanocrystal films described herein comprise at least one population of
color-filtering luminescent nanocrystals to further tune the lighting device
emission and to reduce or eliminate the need for color filtering.

[00049]  Suitable luminescent nanocrystals, methods of preparing luminescent
nanocrystals, including the addition of various solubility-enhancing ligands, can be

found in Published U.S. Patent Application No. 2012/0113672.

Display Systems

[00050] In embodiments, various display systems are provided herein that are
suitably used in any number of applications. As used herein, a “display system”
refers an arrangement of elements that allow for the visible representation of data
on a display. Suitable displays include various flat, curved or otherwise-shaped
screens, films, sheets or other structures for displaying information visually to a
user. Display systems described herein can be included in, for example, devices
encompassing a liquid crystal display (LCD), televisions, computers, mobile
phones, smart phones, personal digital assistants (PDAs), gaming devices,
electronic reading devices, digital cameras, and the like.

[00051] An exemplary display system 100 is shown in FIG. 1A. In embodiments,
display system 100 comprises one or more blue light emitting diode(s) (LED)
102. Various orientations and components of LEDs are well known to those of
ordinary skill in the art. Blue LEDs described herein suitably emit in the range of
440-470 nm. For example, the blue LEDs can be

Date Regue/Date Received 2021-04-28
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Compositions of Phosphors

[00077]  As used herein, the term “phosphors” refers to a synthetic fluorescent or
phosphorescent substance. Exemplary phosphors include traditional materials
such as cerium(II)-doped YAG phosphors (YAG:Ce*', or Y3Al5012:Ce*"), as well
as luminescent nanocrystals, as described herein. Additional phosphors that can
be utilized in the devices described herein include, but are not limited to, silicate
phosphors, garnet phosphors, aluminate phosphors, nitride phosphors, NYAG
phosphors, SiAION phosphors and CaAlSiN3-based (CASN) phosphors, as well as
other phosphors known in the art.

[00078]  As described throughout, compositions comprising phosphors for use in
embodiments provided can take numerous shapes, including for example, films or
sheets (e.g. composition 106 of FIG. 1A). In further embodiments, the
compositions can be various containers or receptacles for receiving the phosphors,
suitably luminescent nanocrystals.

[00079] Suitably, phosphors, and specifically luminescent nanocrystals, are
dispersed or embedded in suitable polymeric materials to create films or sheets,
also called quantum dot enhancement films (QDEFs). Such films are described,
for example, in Published U.S. Patent Application Nos. 2010/0110728 and
2012/0113672.

[00080] The luminescent nanocrystals are suitably coated with one or more ligand
coatings, embedded in one or more films or sheets, and/or sealed by one or more
barrier layers. Such ligands, films, and barriers can provide photostability to the
luminescent nanocrystals and protect the Iluminescent nanocrystals from
environmental conditions including elevated temperatures, high intensity light,
external gases, moisture, and other harmful environmental conditions. Additional
effects can be achieved with these materials, including a desired index of
refraction in the host film material, a desired viscosity or luminescent nanocrystal
dispersion/miscibility in the host film material, and other desired effects. In

suitable embodiments, the ligand and film materials will be chosen to have a

Date Regue/Date Received 2021-04-28
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sufficiently low thermal expansion coefficient, such that thermal curing does not
substantially affect the luminescent nanocrystal phosphor material.

[00081] The luminescent nanocrystals useful herein suitably comprise ligands
conjugated to, cooperated with, associated with, or attached to their surface. In
preferred embodiments, the luminescent nanocrystals include a coating layer
comprising ligands to protect the luminescent nanocrystals from external moisture
and oxidation, control aggregation, and allow for dispersion of the luminescent
nanocrystals in the matrix material. Suitable ligands and matrix materials, as well
as methods for providing such materials, are described herein. Additional suitable
ligands and film materials, as well as methods for providing such materials,
include any group known to those skilled in the art, including those disclosed in
Published U.S. Patent Application No. 2012/0113672; U.S. patent application Ser.
No. 12/799,813, filed April 29, 2010; U.S. patent application Ser. No. 12/076,530,
filed Mar. 19, 2008; U.S. patent application Ser. No. 12/609,736, filed Oct. 30,
2009; U.S. patent application Ser. No. 11/299,299, filed Dec. 9, 2005; U.S. Pat.
No. 7,645.397; U.S. Pat. No. 7,374,807; U.S. Pat. No. 6,949,206; U.S. Pat. No.
7,572,393; and U.S. Pat. No. 7,267,875. Additionally, suitable ligand and matrix
materials include any suitable materials in the art.

[00082] Dispersing luminescent nanocrystals in a polymeric material provides a
method to seal the nanocrystals and provide a mechanism for mixing various
compositions and sizes of luminescent nanocrystals. As used throughout,
“dispersed” includes uniform (i.e., substantially homogeneous) as well as non-
uniform (i.e., substantially heterogeneous) distribution or placement of
luminescent nanocrystals.

[00083] Suitable materials for use in the compositions comprising the luminescent
nanocrystals include polymers and organic and inorganic oxides. Suitable
polymers include any polymer known to the ordinarily skilled artisan that can be

used for such a purpose. In suitable embodiments, the polymer will

Date Regue/Date Received 2021-04-28
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about 6% to about 14%, about 7% to about 13%, about 8% to about 12%, about
9% to about 11%, about 7%, about 8%, about 9%, about 10%, about 11%, about
12%, about 13%, about 14% or about 15%, as compared to a display system where
the light guide plate is not optically coupled to the blue LED, including any values
and ranges within the recited values.

[000102] It will be readily apparent to one of ordinary skill in the relevant arts that
other suitable modifications and adaptations to the methods and applications
described herein can be made without departing from the scope of any of the
embodiments. The following examples are included herewith for purposes of

illustration only and are not intended to be limiting.

Examples

Example 1: Increased Power Quitput from Blue LEDs by Optical Coupling
to a Light Guide Plate

[000103] Generally, liquid crystal displays utilize white LEDs as the light source in
the backlight. Most backlights are edge-lit — the white LEDs are placed on the
edge(s) of the backlight. The white LEDs are mounted on a flex strip and placed
in close proximity to a light guide plate. White light coming out of the LEDs
enters the light guide plate from the edge and, through total internal reflections, is
guided across the light guide plate. Extraction features are molded on the surface
of the light guide plates to extract light from the light guide plate to enable a
uniform distribution of light across the display. Phosphors are often introduced
that offer better system efficiency and/or higher color gamut.

[000104] As described herein, luminescent nanocrystals (quantum dots) are
dispersed/embedded in a polymeric film or sheet (quantum dot enhancement film
(QDEF)) and placed on top of a light guide plate. White LEDs are replaced by
blue LEDs (FIG 1A). (See Published U.S. Patent Application No. 2012/0113672)

When color gamut is matched at 72%  National Television
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lenticular surface form the edge of the light guide plate did not significantly
change the light mixing distance. Furthermore, the backlight appeared
homogeneous without any noticeable streaks close to the LEDs in a fully
assembled backlight assembly that included QDEF and horizontal and vertical
BEFs placed on top of the light guide plate.

[000118] By combining the benefits of a high-efficiency QDEF and better out-coupled
blue LEDs, the next generation LCD backlights can enable >30% energy savings
compared to the current generation LCDs at the same color gamut, e.g., SRGB.
Even for high-color gamut displays, e.g., Adobe-RGB and DCI-P3, higher
efficiency LCDs can be achieved compared to today’s sSRGB LCDs. In addition to
other benefits, such increases can enable the use of smaller batteries in various
mobile devices.

[000119] It is to be understood that while certain embodiments have been illustrated
and described herein, the claims are not to be limited to the specific forms or
arrangement of parts described and shown. In the specification, there have been
disclosed illustrative embodiments and, although specific terms are employed,
they are used in a generic and descriptive sense only and not for purposes of
limitation. Modifications and variations of the embodiments are possible in light
of the above teachings. It is therefore to be understood that the embodiments may

be practiced otherwise than as specifically described.

Date Regue/Date Received 2021-04-28
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WHAT IS CLAIMED IS:

1. A method of providing a display system, the method comprising:

disposing an optically clear material between one or more bluc light emitting diodes
(LEDs) and a light guide plate to eliminate an air gap between the one or more blue LEDs and
the light guide plate, and to optically couple the one or more blue LEDs to the light guide plate,
the optically clear material having a refractive index matched to the light guide plate to reduce
optical losses of light passing betwcen the one or more blue LEDs and the light guide plate
during operation;

providing a display panel, such that light provided by the one or morc blue LEDs
associated with the display system can pass through the optically clear material and the light
guide plate to the display panel; and

disposing a composition comprising a plurality of nanocrystal phosphors oriented
between the light guide plate and the display panel;

wherein, when light is provided from the one or more blue LEDs through the optically
clear material and the light guide plate, the display system exhibits incrcased optical power

output due at least in part to the elimination of the air gap by the optically clear material.

2. The method of claim 1, wherein the disposing the composition comprises disposing

luminescent nanocrystal phosphors.

3. The method of claim 2, wherein the disposing the luminescent nanocrystal phosphors

comprises disposing CdSe or ZnS luminescent nanocrystal phosphors.
4. The method of claim 3, wherein the disposing the CdSe or ZnS luminescent nanocrystal

phosphors comprises disposing CdSe/ZnS, InP/ZnS, InP/ZnSe, PbSe/PbS, CdSe/CdS, CdTe/CdS

or CdTe/ZnS luminescent nanocrystal phosphors.

CA 2927191 2019-10-15
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5. The method of claim 1, wherein the disposing the composition between the light guide
plate and the display panel comprises disposing a film between the light guide plate and the
display panel.

6. The method of claim 1, wherein the providing the display panel comprises providing a

liquid crystal module.

7. The method of claim 1, wherein the disposing the optically clear material between the
one or more blue LEDs and the light guide plate comprises disposing at least one of a tape, an
adhesive, or an encapsulant protruding from the blue LED between the one or more blue LEDs

and the light guide plate.

8. The method of claim 1, further comprising providing at least one of a diffuser, a

brightness enhancement film (BEF) or a reflector in the display system.

9. The method of claim 1, wherein, when light is provided from the one or more blue LEDs
through the optically clear material and the light guide plate, the display system exhibits at least

a 10% increase in optical power output.

10. The method of claim 1, wherein, when light is provided from the one or more blue LEDs
through the optically clear material and the light guide plate, the display system exhibits
increased luminous output due at least in part to the elimination of the air gap by the optically

clear material.

11.  The method of claim 1, further comprising providing the one or more blue LEDs, the one

or more blue LEDs having a clear encapsulation polymer.

12. A method of providing a display system, the method comprising:

CA 2927191 2019-10-15
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providing a light source, the light source comprising one or more blue light emitting
diodes (LEDs) having a clear encapsulation polymer;

disposing an optically clear material between the light source and a light guide plate to
eliminate an air gap between the light source and the light guide plate, and to optically couple the
light source to the light guide plate, the optically clear material having a refractive index matched
to the light guide plate to reduce optical losses of light passing between the light source and the
light guide plate during operation;

providing a display panel, such that light provided by the light source associated with the
display system can pass through the optically clear material and the light guide plate to the
display panel; and

providing a composition comprising a plurality of nanocrystal phosphors, the
composition oriented between the light guide plate and the display panel,

wherein, when light is provided from the light source through the optically clear material
and the light guide plate, the display system exhibits increased optical power output due at least

in part to the elimination of the air gap by the optically clear material.

13.  The method of claim 12, wherein the disposing the composition comprises disposing

Juminescent nanocrystal phosphors.

14. The method of claim 13, wherein the disposing the luminescent nanocrystal phosphors

comprises disposing CdSe or ZnS luminescent nanocrystal phosphors.

15.  The method of claim 14, wherein the disposing the CdSe or ZnS luminescent nanocrystal
phosphors comprises disposing CdSe/ZnS, InP/ZnS, InP/ZnSe, PbSe/PbS, CdSe/CdS, CdTe/CdS

or CdTe/ZnS luminescent nanocrystal phosphors.
16.  The method of claim 12, wherein the disposing the composition between the light guide

plate and the display panel comprises disposing a film between the light guide plate and the
display panel.

CA 2927191 2019-10-15



17.  The method of claim 12, wherein the providing the display panel comprises providing a

liquid crystal module.

CA 2927191 2019-10-15
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