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DispLay Panel LLUMINATION

BACKGROUND
{0001} Display devices may include a display panel for presenting
information in a visual form. Display devices may receive the information in an
electrical form and render a visual demonstration of that information on the
display panel. Electranic devices, such as felevisions, computers, laptops, smart
phones, and the like, may include display devices to exhibit the information
processed by the electronic devices.

Brieg DESCRIPTION OF DRAWINGS
[0002] The following detailed description references the drawings, wherein;
{0003} Fig. 1 dlustrates a sectional view of a backlight unit for ifluminating a
display panel, according fo an example implementation of the present subject
matter;
{00604} Fig. € illustrates a sectional view of a backlight unit for #luminating a
display panel, according to another example implementation of the present
subject matter;
{0005] Fig. 3 lustrates a sectional view of a backlight unit coupled to a
display panel, according to an example implementation of the present subject
matier;
{0006] Fig. 4 illustrates a display device, according fo an example
implementation of the present subject matler; and
[0007] Fig. 5 Hlustrates an electronic device, according to an example
implementation of the present subjsct matler,

DeTaiteD DESCRIPTION
{0008] Display devices may include g display panel, such as a Liguid
Crystal Display {LCD) panel. The display panel may be Hluminated by a lighting
unit coupled to the display pansl. The lighling unit may include a light source
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and a light guiding mechanism {o direct light from the light source (o the display
panel for iluminating . The hght source may be, for example, a collection of
Light Emitting Diodes {(LEDs).

{0009] Display devices, such as Field Sequential Color {(FSC) based
display devices, may have an LCD panel coupled {o a backlight und which
fluminates the LCD panel. The backlight unit of such FSC based display
devices may include Red-Green-Blue (RGB} LEDs to launch light through a light
guide. The RGHE LEDs may be lluminated in a specific sequence for a specific
time period to produce different colors. The light from the LEDs may travel
through the light guide and #luminate the LCD panel to present a visual output
with distinct colors.

[0010] Generally, the FSC based display devices having a single light
guide may experience oolor breakup which may give rise {o colored fringes at
the edges of an object in a displayed visual and thereby result in poor quality of
the displayed visual. The color breakup may be further praminent when a viewer
tracks a moving object in the displayed visual. The color breakup may also
resull in reduced resolution, poor contrast, and thereby affect the quality of the
displayed visual.

{011} The present subject matter relates o backlight units, display
devices, and electronic devices having such backlight units, The backlight units
of the present subject matier may display visuals with reduced color breakup
and increased brighiness. The reduced color breakup and increased brightness
improve the resolution and contrast of a displayed visual, thereby improving the
overall visual quality,

06123 In an example implementation, a backlight unit of the present
subject matter includes a light guide assembly. The light guide assembly has a
plurality of light guide films stacked together, with a light guide film over another
light guide film. Each of the light guide films has a light source associated with it
The light source for a respective light guide film is positioned to launch tight
through at least one light incident surface of the respective light guide film, A
fight incident surface of a light guide film may be a surface of the light guide film
through which light can be launched into the light guide film. Launching of light
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into a Bght guide film may refer o divecting fght fo be incident on the light
incident surface of the light guide film, such that the light incident on the fight
incident surface travels through the hight guide film. Ih an example
implementation, the light source may be a collection of ligh! emitting dicdes
{LEDs), such as RGB LEDs, or RGB organic LEDs {OLEDs). Light from the light
source associated with each light guide film is guided through the respective
Hight quide film and thus through the light guide assembly to lluminate a display
panet, such as an LCD panel.

[0013] The backlight units of the present subject matiter, with multiple light
guide films stacked iogether and each light guide film associated with its
respective light source, reduce color breakup in displayed visuals. With reduced
color breakup the displayed visuals may have a higher contrast and a better
resolution. The baclkdight units of the present subject matler also facilitate in
displaying visuals over a wide gamut of colors which may offer flexible color
selection. Further, the backlight units of the present subject matter also help in
increasing the brightness of the displayed visuals. The reduced color breakup,
wider color gamutl, and increased brightness of visuals rendered by display
devices having the backlight unifs of the present subject matter improve the
overall quality of the displayed visuals.

[0014] The following detailled description refers to the accompanying
drawings. Wherever possible, the same reference numbers are used in the
drawings and the following description o rvefer to the same or similar parils.
While several examples are described in the description, modifications,
adaptations, and other implementations are possible. Accordingly, the following
detaited descriplion does not limit the disclosed examples. Instead, the proper
scope of the disclosed examples may be defined by the appended claims.
[0015] Fig. 1 #lustrates a seclional view of a backlight unit 100 for
iiluminating a display panel 102, according to an example implementation of the
present subject matter. The backlight unit 104, in an example implementation,
can be coupled to the display panel 102 for illuminating the display panel 102.
The backlight unit 100 may be included in a display device, such as a monitor,
or i an electronic device, such as a laplop, a smart phone, or the like.
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{0016} The backlight unit 100 includes g light guide assembly 104 having a
piurality of lght guide Bims, viz., 108-1, 106-2,...,106-N stacked together. As
shown, a light guide film 106-2 is over another light guide film 106-1, and so on,
to form a stack of light quide films. In an example implementation, the light guide
assembly 104 may include two light guide films or more than two light guide
films. Each of the light guide films 106-1, 106-2,...,106-N may be made of a
material selected from a group comprising of one of polvcarbonate,
polymethyimethacrylate (PMMA), cyclic olefin copolymer (COC), and glass.
Further, each of the light guide films 1068-1, 106-2,...,106-N may have a
refractive index in a range of about 1.45 fo about 1.65 and a thickness in a
range of about 0.05 mm to about 1.0 mm.

[0017] The backlight unit 100 includes a light source associated with each
light guide film from the plurality of light guide films 106-1, 106-2,.. ,[106-N. As
shown in Fig. 1, a light source 108-1 is associated with the light guide film 108-1
to launch light through a light incident surface 110-1 of the light guide film 108-1.
Similarly, a light source 108-2 is associated with the light guide film 106-2 1o
faunch light through a light incident surface 110-2 of the light guide film 106-2.
Further, a light source 108-N is associated with the light guide film 106-N fo
faunch light through a light incident surface 110-N of the light guide film 106-N.
[0018] A light incident surface may refer {o a surface of a light guide film
through which fight can be lgunched in the light guide film. In an example
implementation, each of the light guide films 106-1, 106-2, ..., 106-N may have
a planar structure with two planar swifaces opposite to each other and four side
surfaces along the boundaries of the planar surfaces. The light incident surface
of a light guide fiim may be any of the side surfaces of the respective light guide
film. The light source may either be in a direct contact with the light incident
surface or be placed in the vicinity of the light incident surface for launching the
light. Each of the light sources 108-1, 108-2, and 108-N may be, for example, a
plurality of RGB LEDs or a plurality of organic RGB LEDs {OLEDs).

[0019] Light faunched info the light guide film 106-1 by the light source 108~
1 is directed towards the light guide film 106-2 stacked over the light guide film
106-1. Light from the light guide film 106-1 and light launched by the light
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source 108-2 assoclated with the light guide film 106-2 enter the light guide film
106-2. The light entering the light guide film 106-2 is directed through the light
guide assembly 104 towards the display panel 102, In this way, the light guide
film 106-N may receive light from a light guide film located under the light guide
film 106-N and light faunched by the light source 108-N associated with the light
guide film 106-N. Thus, the light guide assembly 104 may guide light from each
of the light sources, 108-1, 108-2, ... 108-N towards a light emifting surface 112
of the light guide assembly 104 {o illuminate the display panel 102. The light
from the light guide assembly 104, as shown by arrows A in Fig. 1, emanates
through the light emitting surface 112 and #luminates the display panel 102.
{0020} Fig. 2 Hustrates a backlight unit 200 for illuminating a display panel
202, according o an example implementation of the present subject matter, The
backlight unit 200 includes a light guide assembly 204 having a plurality of light
guide films 208-1, 206-2, ..., 206-N, similar 1o the plurality of light guide fiims
106-1, 1068-2, ..., 108-N.

[0021] As shown in Fig. 2, two light sources 2081 and 212-1 are
associated with the light guide film 206-1. In an sxample implementation, the
fight sowrce 208-1 is positioned to launch light through a first light incident
surface 210-1 of the light guide film 206-1 and the light sowce 212-1 is
positioned o launch light through a second light incident surface 214-1 of the
light guide film 206-1. Similarly, as shown in Fig, 2, two light sources 208-2 and
212-2 are associated with the lght guide film 208-2. The light source 208-2 is
positioned o launch light through a first light incident surface 210-2 of the light
guide film 208-2 and the hight source 212-2 is positioned to launch light through
a second light incident surface 214-2 of the light guide film 206-2. Further, as
shown in Fig. 2, two light sources 208-N and 212-N are associated with the light
guide film 206-N. The light source 208-N is positioned to launch light through a
first light incident surface 210-N of the light guide film 206-N and the light source
212-N is positioned {o launch light through a second light incident surface 214-N
of the light quide film 206-N.

[0022] Each of the light guide films 206-1, 206-2, ..., 206-N may have a

planar structure with two planar surfaces and four side surfaces, similar {o the
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structure of each of the light guide films 106-1, 106-2, ..., 106N, as described
garlier. Although, in Fig. 2, each of the light guide films 206-1, 206-2,...206-N is
shown to be associated with light sources at two different light incident surfaces,
however, in an example implementation, each of the light guide fiims 208-1,
208-2,...206-N may be associated with light sources at more than two light
incident surfaces. in an example implementation, alt four side surfaces of each
of the light guide films 208-1, 2068-2, ... 2068-N may be light incident surfaces.
Further in Fig. 2, although the light sources are coupled fo two opposite side
surfaces of each light guide film 206-1, ..., 206-N, however, in an example
implementation, light sowrces may also be coupled lo two adjacent side
surfaces of each of the light guide films 208-1, ..., 208-N. The light guide
assembly 204 guides light in 8 similgr mamner, as the light guide assembly 104,
and thus illuminates the display pansel 202,

{0023} Fig. 3 lustrates a sectional view of a backlight unit 300 coupled o a
display panel 302, according o an example implementation of the present
subject matter. In an example implementation, the display panel 302 is a fleld
sequential color liquid crystal display (FSC-LCD) panel. The display panel 302
has a display surface 304, The display surface 304 may refer to a surface of the
display panel 302 on which a visual may be rendered and viewed by a user.
[0024] The backlight unit 300 includes a light guide assembly 306 located
on a surface 308 opposite to the display surface 304 of the display paned 302
The light guide assembly 306 has a first light guide film 310 and a second light
guide film 312. The second light guide film 312 s stacked over the first light
guide film 310,

{0825} The light guide assembly 306 includes a first light source 314
associated with the first light guide fim 310, The first ight source 314 can
launch light through a light incident surface 316 of the first light guide film 310,
such that the light launched through the light incident surface 316 is guided
through the first light guide film 310.

[0026] The first light guide film 310 has a first surface 318 bearing light
guide microstructures 320. The first surface 318 may be a boltom surface of the
first light guide film 310. In an example implementation, the light guide
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rricrostructures 320 are microsdots or lines formed in a specific pattem by one
of chemical or laser etching, laser printing, screen printing, and v-cutting on the
first surface 318, The first swface 318 bearing pattems of micro-dols andior
strips is also referred o as a micro-palterned surface of the first light guide film
310. The light guide microstructures 320 diffuse or scatter light guided through
the first light guide film 310 fo direct the light towards a second surface 322,
opposite to the first surface 318, of the first light guide film 310, Light directed by
the light guide microstructures 320 {owards the second surface 322 may emil
through the second surface 322, Thus, the second surface 322 may also be
referred to as a light emitting surface of the first light guide film 310,

{00271 The light guide assembly 306 further includes a second light saurce
324 associated with the second light guide film 312, The sscond light source
324 can launch light through a light incident swiface 326 of the second light
guide film 312, such that the light launched through the light incident surface
326 is guided through the second light guide film 312.

[0028] The second light guide film 312 has a third surface 328 bearing light
guide microstructures 330. The third surface 328 may be a bottom surface of
the second light guide §lm 312, In an example implementation, the light guide
microstructures 330 are similar fo the light guide microstruclures 324 of the first
fight guide film 310 and may be formed by similar processes as mentioned
above. The third surface 328 bearing patterns of the micro-dots and strips is
atso referred o as a micro-patterned surface of the second light guide film 312,
The light guide microstructures 330 diffuse or scatter light guided through the
second light guide fiim 312 {o direct the light towards a fourth surface 332,
opposite to the third surface 328, of the second light guide film 312, Light
directed by the light guide microstructures 330 fowards the fourth surface 332
may emil through the fourth surface 332, Thus, the fourth surface 332 may also
be referred {0 as a light emitling surface of the second light guide film 312,
[0029] In an example implementation, the second swface 322 of the first
light guide film 310 is coupled to or joined with the third surface 328 of the
second light guide film 312 by an optically clear adhesive {OCA) layer 334 as
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showr in Fig. 3. The OCA layer 334 may have a thickness in a range of about
0.01 mm to about 0.05 mm.

{0030} In an example implementation, each of the first and the second light
guide fims 310 and 312 may be made of a malerial selected from a group
comprising polycarbonate, polymethyimethacrylate (PMMA), coydlic olefin
copotymer {CQC), and glass, and may have a refractive index in a range of
about 145 fo about 1.65. Each of the first light guide film 310 and the second
light quide film 312 may have a thickness in a range of about 0.05 mm fo about
1.0 mm.

[0031] In an example implementation, gach of the first and second light
sources 314 and 324 may be one of a plurality of RGB-LEDs and a plurality of
RGE-OLEDs. The light sources may be driven by a controller {(not shown) using
a Field Sequential Color (FSC) contral logic.

{0632} The backlight unit 300, shown in Fig. 3. includes a reflector 336
interfaced with the first surface 318 of the first light guide film 310. In an
example implementation, the reflector 336 may be formed from one of
polysthylene terephthalate {(PET) and polyimide coated with reflective materials
and may have a thickness in a range of about 0.02 mm {o about 1.5 mm. The
reflector 336 reflects back light from any of the first and second light sources
314 and 324 incident on the reflector 336 towards the first surface 318.

{0033} As shown in Fig. 3, the backlight unit 300, alsc has a diffuser film
338 interfaced with the fourth surface 332 of the second light guide film 312, In
an example implamentation, the diffuser film 338 may be formed from one of
polycarbonate, polvethviene lerephthalate (PET), polymethyimethacrylale
{PMMA) and cydlic olefin copolymer {(COCY and may have a thickness in a
range of about 0.08 mm to about 1.5 mm. The diffuser film 338 enables uniform
distribution of light emanating from the fourth surface 332 onto the display panel
302.

[0034] The light launched into the first light guide film 310 by the first light
source 314, when incident on the light guide microstructures 320, is directed by
the light guide microstructures 320 towards the second surface 322 of the first
fight guide film 310, The light scatiered by the light guide microstructures 320
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eniits through the second surface 322, The light emifted through the second
surface 322 passes through the OCA layer 334 and enters the second light
guide film 312 through the third surface 328, The light entening the second light
guide film 312 through the third surface 330 may be guided towards the fourth
surface 332 of the second light guide film 312,

[0035] The light launched into the second light guide film 312 by the
second light source 324, when incidsnt on the light guide microstructures 330, is
directed by the light guide microstructures 330 towards the fourth surface 332.
The light scattered by the light guide microstructures 330 emits through the
fourth surface 332 of the second light guide film 312,

{0838} Thus, the light emanating from the fourth surface 332 may include
tight launched by the second ight source 324 and light entering the second light
guide film 312 from the first light guide film 310, The light emanating from the
fourth surface 332 may be uniformiy distributed by the diffuser film 338 onfo the
display panel 302 {o ifluminale the display panel 302,

[0037] Although Fig. 3 illustrates the light guide assembly 306 with two light
guide films, the light guide assembly may also include more than bwo light guide
fitms. {n an example implementation, a third fight guide film {not shown) may be
coupled o the second light guide film 312, The third light guide #lm may have
material properties, features, and dimensions similar to those of the first or the
second light guide films, 310 and 312, In an example implementation, the third
light guide film {not shown) may have a surface coupled to or joined with the
fourth surface 332 of the second light guide film 312 through an optically clear
adhesive {OTCA) layer similar {o the QCA layer 334, The surface of the third hight
guide film coupled to the fourth surface 332 may bear light guide micro-
structures similar fo light guide microstructures 330 or 320 and may be referred
to as a micro-patiterned surface of the third light guide film. The third light guide
film includes a light emilting surface, opposite to s micro-patierned surface,
through which fight guided through the third light guide film may be emitted. In
the example implementation with three light guide films, the light emitting
surface of the third light guide film may be coupled with the display panel
through a diffuser film similar to the diffuser film 338. Light emanating from the
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light emifting surface of the thind light guide film may be uniformly distributed by
the diffuser film onto the display panel to illuminate the display panst

{0038} Further, although, Fig. 3 shows one light source associated with
gach of the light guide films; however, in an example implementation, more than
one light source may be associated with each light guide film.

{00389] Fig. 4 tlustrates a display device 400, according fo an example
implementation of the present subject matler. In an example implementation,
the display device 400 may be a monitor, a display screen of an electronic
device, such as a computer, laptop, smart phone, television, or the like. The
display device 400 has a display panel 402 with a display surface 404 on which
visuals are rendered by the display device 400 for viewing by users, As shown
in Fig. 4, a light guide assembly 408 is located on a surface (not shown),
opposiie to the display surface 404, of the display panel 402. In an example
implementation, the light guide assembly 406 may be similar to one of the light
guide assemblies described earlier.

[0040] Fig. 5 illustrates an electronic device 500, according o an example
implementation of the present subject matler. The elecironic device 500 may be
a television, a computer, a laptop, a smart phone ele. The electronic device 500
includes a display panel 502 and a backlight unit 504 coupled o the display
panel 502 fo illuminate the display panel 502. The backlight unit 504 includes a
first light guide film 506-1 and a second light guide film 506-2. The second light
guide film 508-2 is coupled fo the first light guide film 506-1.

{0041} Each of the first and second light guide films, 506-1 and 806-2, bear
light guide microstructures 508-1 and 508-2, respectively. In an example
implementation, the first and second fight guide films 506-1 and 506-2 may be
sirnilar to the light guide films described eartier.

{0042] The backlight unit 504 includes a first se! of light sources 1 launch
light through the first light guide film 506-1. The first set of light sources may
include one light source 510-1 associated with the first light guide film 506-1 to
launch light through a light incident surface 512-1 of the first light guide film 506~
1. as shown in Fig. 5. The first set of light sources may also include other light
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souwrces which may be coupled to other tight incident surfaces of the first light
guide film 508-1.

{0043} The backlight unit 504 further includes a second set of light sources
to taunch light through the second light guide film 506-2. The second set of light
sources may include one light source 510-2 associated with the second light
guide film 506-2 o launch light through a light incident surface 512-2 of the
second light guide film 508-2, as shown in Fig. 5. The second set of light
sources may also include other light sources which may be coupled to other
light incident surfaces of the second light guide film 506-2.

[0044] In an example implementation, the backlight unit 504 may include a
third Bght guide film {not shown) over the second light guide 8im 506-2. The
back light unit 504 may include a third set of light sources o launch light through
the third light guide 8Bim. The third set of light sources may include one light
source Of mgltiple ght sources, sach positionsd to launch light through a
respective light incident surface of the third light guide film (not shown).

[0045] In an implementation, the backlight unit 504 may be similar {o the
backlight units described earlier. The backlight unit 504 may function in a similar
manner as the backlight unils descrbed earlier.

{0045] Although implementations for backlight units, display devices, and
electronic devices having such backlight units are described in language
specific o methods and/or structural fealures, it is {0 be undersicod that the
present subject malter g not limited {0 the specific methods or features
described. Rather, the methods and specific features are disclosed and
explained as example implementations for backlight units, display devices, and
glectronic devices having such backlight unils.
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\We claim:
1. A backlight unit comprising:

a light guide assembly having a plurality of light guide films stacked
together, with a light guide film positioned over another light guide film of the
plurality of light guide flms; and

a light source associgted with sach light guide film of the plurality of light
guide films, wherein the light source for a respective light guide film is to
launch light through at least one light incident surface of the respective light
guide film;

wherein the light guide assembly is to guide hght from the light source fo
Huminate a display panel.

2. The backlight unit as claimed in claim 1, wherein the plurality of light guide
films comprises.

a first Hight guide fiim Including a first swrface bearing light guide
microsiructures {o divect light guided through the first light guide film towards
a second surface of the first light guide film, wherein the second surface is
opposite {o the first swface; and

a second Hight guide film over the first tight guide film, the second light
guide film including a third surface bearing light guide microstructures to
direct ight quided through the second light guide film fowards a fourth
surface of the second light guide film, wherein the fourth surface is apposite
to the third surface.

3. The backlight unit as claimed in claim 2, further comprising a diffuser fiim
interfaced with the fourth surface of the second light guide film, wherein the
diffuser film is to uniformiy distribute light emanating from the fourth surface
anio the display panel.

4. The backlight unit as claimed in claim 2, further comprising a reflector
interfaced with the first surface of the first light guide film, wherein the
reflector is to reflect, light incident on the reflector, towards the first surface.
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5. The backlight unit as claimed in claim 2, further comprising an optically clear
adhesive layer o join the second surface of the first light guide Him with the
third surface of the second light guide fiim.

6. The backdight unit as claimed in glaim 1, whersin each of the plurality of light
guide films is made of a malenal selected from a group comprising
polycarbonate, polymethyimethacndate (PMMAY, cyclic olefin  copolymer
{COC), and glass.

7. A display device comprising:

a display panel having a display surface;

3 light guide assembly located on a surface of the display pans! opposite
to the display surface, the light guide assembly comprising a plurality of light
guide films stacked together, with a light guide film positioned over another
light guide film of the plurality of light guide films; and

a light source associated with each light guide film of the plurality of light
guide films, whereln the light source for a respective light guide film is to
faunch light through al least one light incident surface of the respective light
guide film;

wherein the light guide assembly is {o guide light from the light source to

ifurninate the display panel.

§. The display device as claimed in claim 7, wherein the light guide assembly
comprises:

a first light guide film including a micropatiermed surface and a light
emitting surface opposite to the micro-patterned suwrface, the micro-patierned
surface of the first light guide film bearing microstructures o direct light
guided through the first light guide film towards the light emitting surface of
the first light guide ilm; and

a second lfight guide film over the first light guide film, the second light
guide film including a micro-patierned surface and a light emilting surface
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apposite to the micro-pattemed surface, the micro-patterned of the second
light guide film bearing microstructures to direct fight guided through the
second light guide film towards the light emitling surface of the second hght
guide film,

9. The display device as claimed in claim 8, further comprising:

a diffuser film interfaced with the light emitting swface of the second light
guide film, wherein the diffuser film is o unfformly distribute ight emanating
from the fourth surface onto the display panel; and

a reflector interfaced with the micro-patterned swrface of the first light
guide film, wherein the reflector is {o reflect, light incident on the reflector,

{owards the first surface.

10.The display device as claimed in claim 8, further comprising an optlically
clear adhesive layer to join the light emitting surface of the first ight guide

film with the micro-patterned surface of the second light guide film.

11 . An electronic device comprising:
a display panel;
a hacklight unit coupled {o the display panel to illuminate the display
panel, comprising:

a first light guide film including a first swface bearing light guide
microstructures o direct light guided through the first light guide film
fowards a second surface, opposite to the first surface, of the first light
guide film; and

a second light guide film coupled to the first light guide film, the
second light guide film including a third surface bearing light guide
microstructures to direct light guided through the second light guide film
towards a fourth surface, opposite to the third surface, of the second
light guide film;

a first set of light sources to launch light through the first light guide
film; and
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a second set of light sources to launch fight through the second light

guide film.

12.The eleclronic device as claimed in claim 11, wherein the backlight unit
comprises:
a third light guide film, wherein a surface of the third light guide film is
coupled to the fourth surface of the second light guide film; and
a third set of light sources 1o launch hght through the third Bght guide film.

13. The elsctronic device 35 claimed in claim 11, wherein the thickness of the
first light guide film Is in a range of 8.05 mm {o about 1.0 mim.

14, The slectronic device as glaimed in claim 11, wherein the thickness of the
sacond light guide film is in 8 range of 0.05 mm to about 1.0 mim.

15. The electronic device as claimed in claim 12, wherein the thickness of the

third light guide film 1s in a range of .05 mm to about 1.0 mm.
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