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BACKLIGHT MODULE
BACKGROUND
[0001] In a liquid crystal display, a backlight module provides illumination for the
display. In some examples, the backlight module includes a light guide plate that receives
light from light sources, such as light emitting diodes (LEDs) located along an edge of the
light guide plate.

SUMMARY

[0002] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that solve any or all disadvantages
noted in any part of this disclosure.

[0003] Examples are disclosed that relate to backlight modules, displays including
a backlight module, and methods for assembling a backlight module. In one example, a
backlight module for a display comprises a plurality of light sources affixed to a printed
circuit and a separate light guide plate. An adhesive affixes the printed circuit to the light
guide plate. The light guide plate comprises a body and a plurality of projections extending
from the body, with the plurality of projections retaining two or more of the plurality of light
sources between the projections and the body of the light guide plate.

[0004] In another example, a method for assembling a backlight module includes
providing light sources affixed to a printed circuit and a light guide plate comprising a body
and projections extending from the body. The printed circuit is affixed to the light guide
plate such that the plurality of projections retain two or more of the plurality of light sources
between the projections and the body of the light guide plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIGS. 1 shows a laptop computing device that utilizes a backlight module
according to examples of the present disclosure.

[0006] FIG. 2 shows a schematic exploded view of components of a touch and
display module according to examples of the present disclosure.

[0007] FIG. 3 shows a schematic exploded view of components of a liquid crystal

module and backlight module according to examples of the present disclosure.
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[0008] FIG. 4 illustrates a partial view of a printed circuit with surface-mounted
LEDs according to examples of the present disclosure.

[0009] FIG. 5 shows a partial cutaway view of a backlight module according to
examples of the present disclosure.

[0010] FIG. 6 shows another partial view of the backlight module of FIG. 5
according to examples of the present disclosure.

[0011] FIG. 7 shows the light guide plate of FIG. 6 including projections spanning
the width of the light guide plate according to examples of the present disclosure.

[0012] FIG. 8 shows a partial exploded view of the light guide plate, adhesive, and
printed circuit with LEDs of the backlight module of FIG. 5 according to examples of the
present disclosure.

[0013] FIG. 9 shows a partial view of another light guide plate for a backlight
module according to examples of the present disclosure.

[0014] FIG. 10 shows another light guide plate including projections spaced from
one another to retain a subset of LEDs across the light guide plate according to examples of
the present disclosure.

[0015] FIG. 11 shows a flow diagram of an example method for assembling a
backlight module according to examples of the present disclosure.

[0016] FIG. 12 shows a block diagram of an example computing system according
to examples of the present disclosure.

DETAILED DESCRIPTION

[0017] In a liquid crystal display, a backlight module provides illumination for the
display. In some examples, the backlight module includes a light guide plate that receives
light from light sources, such LEDs. Individual LEDs are spaced apart and positioned along
an edge of the light guide plate. Light from the LEDs travels into the light guide plate and
is directed through the liquid crystal cell and cover glass of the display.

[0018] To provide desired brightness and image uniformity for the display, the
LED's are closely coupled to the light guide plate. In some examples, the LEDs are initially
positioned flush against the light guide plate or within a small distance, such as 0.2
millimeters (mm) or less. To achieve such close coupling, in some examples the flexible
printed circuit to which the LEDs are mounted is bonded to the light guide plate using an
adhesive. Over time, however, thermal cycling causes the light guide plate to expand and
contract. In some examples of displays for laptop computers, thermal expansion can cause

the light guide plate to extend 0.5 mm or more toward the LEDs, followed by subsequent
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contraction upon cooling.  Such expansion and contraction can cause the adhesive to
delaminate from the light guide plate and create a gap between the LEDs and the light guide
plate that can grow over the lifecycle of the display. Such increased gaps lead to brightness
and uniformity declines in the display, which correspondingly causes accelerated
component wear and increased power draws that reduce battery life.

[0019] Accordingly, examples are disclosed that relate to backlight modules for
displays that address one or more of the above issues. With reference now to FIG. 1, one
example of a display 100 that utilizes a backlight module of the present disclosure is
provided in the form of laptop computing device 104. The example of the laptop computing
device 104 is provided for purposes of illustration and is not intended to be limiting. Other
examples of devices that can use backlight modules and displays of the present disclosure
include, but are not limited to, tablet computers, desktop monitors, gaming devices, mobile
computing devices, and mobile communication devices (e.g., smart phones).

[0020] With reference now to FIG. 2, the example display 100 includes a touch and
display module (TDM) 110. As shown in this exploded view, the TDM 110 includes a cover
glass portion 114 and an optically clear adhesive layer 118 that bonds the cover glass to a
capacitive touch sensor layer 122. The touch sensor layer 122 is bonded to an underlying
liquid crystal module 130 by another optically clear adhesive layer 126. In other examples,
different touch sensor technologies, such as a resistive touch-sensitive layer, may be utilized
for the touch sensor layer. Additionally, in some examples the TDM 110 can include one
or more additional layers or components.

[0021] With reference now to FIG. 3, the liquid crystal module 130 includes a liquid
crystal cell 132 and a backlight module 160. The liquid crystal cell 132 comprises a top
polarizer layer 138, a color filter glass layer 142, a thin-film-transistor (TFT) glass layer
146, and a bottom polarizer layer 150. In this example, a cover glass substrate 134 is
provided adjacent to the top polarizer layer 138. In other examples, the liquid crystal module
can include additional layers, films and/or substrates, such as surface protection films,
sealing films, alignment layers, etc.

[0022] Underlying the liquid crystal module is the backlight module 160. The
backlight module 160 includes a diffuser layer 164, a light guide plate 168 and a reflector
substrate 172. As described in more detail below, the backlight module also includes a
plurality of light sources mounted on a flexible printed circuit 176 that is affixed to the light

guide plate 168. In other examples, the backlight module can include one or more additional
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layers, films and/or substrates, such as surface protection films, prisms, sealing films,
alignment layers, etc.

[0023] In the present example and with reference to FIG. 4, the plurality of light
sources of the backlight module take the form of individual LEDs 200 that are surface
mounted to flexible printed circuit 176. FIG. 4 shows a portion of the LEDs 200 and printed
circuit 176. As described in more detail below, when mounted to the light guide plate 168
the printed circuit 176 and LEDs 200 span across the width of the light guide plate.
Additionally, the printed circuit 176 is affixed to the light guide plate 168 in a manner that
positions the light-emitting side of each LED 200 adjacent to the body of the light guide
plate.

[0024] For example and with reference now to FIG. 5, in one example the printed
circuit 176 (shown in partial cutaway) is affixed to a body 184 of the light guide plate 168
via an optically clear adhesive 180. In this example, the printed circuit 176 is positioned
and affixed relative to the body 184 of the light guide plate 168 such that the light-emitting
side 210 of each LED 200 is contacting an end face 188 of the body 184 of the light guide
plate 168. FIG. 6 illustrates another view of this example (with the printed circuit not shown
for clarity) showing a portion of the light guide plate 168, optically clear adhesive 180, and
LEDs 200. In this configuration, light from the LEDs 200 is projected into the light guide
plate 168 and subsequently directed through the liquid crystal cell and cover glass of the
display.

[0025] As noted above, in some displays thermal cycling can cause the light guide
plate to expand and contract. Such expansion and contraction can cause an adhesive
bonding the printed circuit to the light guide plate to delaminate from the light guide plate,
and undesirable gaps between the LEDs and the light guide plate can form and grow over
time. Accordingly, with reference to the example of FIGS. 5-8 and as described in more
detail below, to address these potential issues the light guide plate 168 includes integrally-
formed projections 230 that retain two or more of the LEDs 200 between the projections
and the body 184 of the light guide plate, thereby maintaining the LEDs against or in close
proximity to the light guide plate.

[0026] As shown in the example of FIG. 7 (which does not show the printed circuit
for clarity), the projections 230 span the width of the light guide plate 168 such that each of
the LEDs 200 are retained by at least one of the projections. Additionally and in this
example, the plurality of projections 230 are evenly spaced across the body 184 of the light
guide plate 168. In this manner, the projections 230 accommodate and retain LEDs 200 that
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are also evenly spaced across the light guide plate 168 to provide a uniform and consistent
supply of light to the light guide plate.

[0027] As best seen in the exploded view of FIG. 8, the light guide plate 168 and
the projections 230 are integrally molded as a unitary structure. By forming the light guide
plate 168 and projections 230 as a unitary structure, the structural integrity of the projections
is enhanced and dimensional tolerances of the projections can be precisely controlled. In
some examples, the light guide plate 168 with projections 230 is formed by an injection
molding process. In other examples, the light guide plate 168 with projections 230 can be
formed by 3D printing or other suitable manufacturing techniques.

[0028] With reference now to FIGS. 5, 6, and 8, each projection 230 comprises an
extension portion 234 that extends from the body 184 of the light guide plate 168 between
two adjacent LEDs 200. In this example, each of the extension portions extends
perpendicularly from the end face 188 of the body 184 of the light guide plate 168. As best
seen in FIGS. 5 and 8, each of the projections 230 comprises a first retention surface 238
extending from an end of the extension portion 234 for the projection, with the first retention
surface spaced from the end face 188 of the body 184 of the light guide plate 168.

[0029] As shown in FIGS. 5 and 6, the first retention surface 238 retains an LED
200 between the first retention surface and the end face 188 of the body 184 of the light
guide plate 168. More particularly, the first retention surface 238 is positioned adjacent to
a rear side 202 of the LED 200 that is opposite to the light-emitting side 210 of the LED. In
this example, the first retention surface 238 contacts the rear side 202 of the LED 200 As
noted above, in this example the light-emitting side 210 of each LED 200 is adjacent to and
contacting the end face 188 of the body 184 of the light guide plate 168. In other examples
and as described below, a light guide plate and projections are configured to retain LEDs
200 between the projections and the body of the light guide plate in a manner that enables a
small gap between the light-emitting side 210 of each LED 200 and the end face 188 of the
body 184 of the light guide plate 168 and/or a small gap between the first retention surface
238 and the rear side 202 of the LED 200.

[0030] With reference again to FIGS. 5, 6, and 8, each of the projections 230 also
comprises a second retention surface 250 extending from the end of the extension portion
234 in a direction opposite to the first retention surface 238. Like the first retention surface
238, the second retention surface 250 is spaced from the end face 188 of the body 184 of
the light guide plate 168. The second retention surface 250 retains a different LED 200
between the second retention surface and the end face 188 of the body 184 of the light guide
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plate 168. More particularly and as illustrated, the second retention surface 250 retains the
LED 200 immediately to the right of the LED 200 that is retained by the first retention
surface 238. In this example, the first retention surface 238 and the second retention surface
250 are perpendicular to the extension portion 234 of each projection 230.

[0031] In this manner, with the present configuration each projection 230 is
configured to retain a portion of two adjacent LEDs 200 against the end face 188 of the body
184 of the light guide plate 168. Further and as shown in FIGS. 5 and 6, in this configuration
the first retention surface 238 of a first projection 230 and the second retention surface 250
of a second projection adjacent to the first projection retain opposite portions of one LED
200 against the end face 188 of the body 184 of the light guide plate 168. Additionally, and
in one potential advantage of the present disclosure, because the projections 230 are
integrally formed with the light guide plate 168, the projections maintain the retention of
the LEDs 200 between the projections and the body 184 of the light guide plate over the
lifecycle of the display. In this manner, the disclosed configuration reduces or eliminates
gaps between the LEDs and the light guide plate that otherwise could form due to expansion
and contraction of the light guide plate and/or other environmental factors experienced over
the lifecycle of the display. This enables the present configuration to avoid brightness and
uniformity declines in the display, and thereby reduce component wear and power draws to
improve battery life.

[0032] In some examples and as noted above, one or more of the projections 230
retain LEDs 200 between the projections and the body of the light guide plate while allowing
for a small gap between the light-emitting side 210 of each LED 200 and the end face 188
of the body 184 of the light guide plate 168. For example and with reference now to FIG.
9, a light guide plate 169 and integrally molded projections 230 are formed to allow a front
gap 260 between the light-emitting side 210 of each LED 200 and the end face 188 of the
body 184 of the light guide plate 169. In this example, the first retention surfaces 238 of
projections 230 also define a rear gap 264 between the first retention surfaces and the rear
side 202 of the corresponding LED 200. Similarly, the second retention surfaces 250 define
a rear gap 266 between the second retention surfaces and the rear side 202 of the adjacent
LED 200.

[0033] In some examples, to maintain sufficient and uniform screen brightness and
avoid visual artifacts such as gray patterns in a display, the projections 230 are designed and
dimensioned to allow a maximum front gap 260 of 0.2 mm or less between the light-emitting

side 210 of each LED 200 and the end face 188 of the body 184 of the light guide plate 169.
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In this manner, the projections 230 are configured to cooperate with the LEDs 200 to allow
limited movement of the LEDs away from and toward the end face 188 of the body 184 of
the light guide plate 169. In these examples, the allowance for such movement enables the
LEDs and attached printed circuit 176 to move in a limited fashion with the
expansion/contraction of the light guide plate 168. In one potential advantage of these
examples, such movement can reduce stresses imparted to the LEDs 200 and printed circuit
176 by the projections 230 and/or other components of the light guide plate 169.

[0034] In other examples and based on different display requirements, component
geometries and sizes, and/or other factors, the projections 230 are designed and dimensioned
to allow a front gap 260 of 0.4 mm or less, 0.6 mm or less, or other desired range of distances
between the light-emitting side 210 of each LED 200 and the end face 188 of the body 184
of the light guide plate 169.

[0035] In the foregoing examples, the projections 230 span the width of the light
guide plates 168 and 169 such that each of the LEDs 200 are retained by at least one of the
projections. In other examples, one or more of the LEDs 200 are not retained by a projection
of the light guide plate. In these examples, the projections are spaced from one another to
retain a subset of the LEDs 200 spanning across the light guide plate.

[0036] For example and with reference to FIG. 10, another light guide plate 190
includes projections 230 that are spaced from one another in a manner such that each
projection 230 retains a portion of two adjacent LEDs 200 as described above, and such that
one LED 200 located between two succeeding projections 230 is left unretained. In other
examples, different numbers of projections 230 and/or different spacings of the projections
across the light guide plate 190 may be utilized. For example, projections 230 may be
provided between every other pair of LEDs 200, every 5" pair of LEDs, every 10" pair of
LEDs, or at other spacings.

[0037] In this example, the light guide plate 190 utilizes fewer total projections 230
as compared to examples in which every LED 200 is retained by at least one projection of
the light guide plate. Accordingly, this configuration may function to retain select LEDs
200 across the light guide plate 190 while also simplifying the fabrication of the light guide
plate. The fewer number of projections 230 also may facilitate an simplified assembly
process in which the LEDs 200 are placed between the first retention surface 238 and second
retention surface 250 of each projection 230, and the printed circuit (not shown in FIG. 10)

is affixed to the body 192 of the light guide plate 190.
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[0038] With reference now to FIG. 11, an example method 300 is illustrated for
assembling a backlight module. The following description of method 300 is provided with
reference to the software and hardware components described herein and shown in FIGS.
1-8. It will be appreciated that following description of method 300 is provided by way of
example and is not meant to be limiting. Therefore, it is to be understood that method 300
may include additional and/or alternative steps relative to those illustrated in FIG. 11.
Further, it is to be understood that method 300 may be performed in any suitable order.
Further still, it is to be understood that one or more steps may be omitted from method 300
without departing from the scope of this disclosure. It will also be appreciated that method
300 also may be performed in other contexts using other suitable components.

[0039] With reference to FIG. 11, at 304, the method 300 includes providing a
plurality of light sources affixed to a printed circuit. At 308 the method 300 includes
providing a light guide plate comprising a body and a plurality of projections extending
from the body. At 312 the method 300 includes, wherein each projection of the plurality of
projections comprises an extension portion that extends from the body of the light guide
plate between two adjacent light sources of the plurality of light sources. At 316 the method
300 includes, wherein each of the extension portions extends perpendicularly from an end
face of the body of the light guide plate. At 320 the method 300 includes, wherein each
projection of the plurality of projections comprises a first retention surface extending from
an end of the extension portion for the projection, the first retention surface spaced from the
end face of the body of the light guide plate, the first retention surface retaining a first light
source of the plurality of light sources between the first retention surface and the end face
of the body of the light guide plate.

[0040] At 324 the method 300 includes molding the light guide plate and the
plurality of projections as a unitary structure. As noted above, in some examples the light
guide plate and projections are formed by an injection molding process. In other examples,
the light guide plate with projections can be formed by 3D printing or other suitable
manufacturing techniques. At 328 the method 300 includes, wherein each light source of
the plurality of light sources is retained by one or two projections of the plurality of
projections.

[0041] At 332 the method 300 includes affixing the printed circuit to the light guide
plate such that the plurality of projections retain two or more of the plurality of light sources
between the projections and the body of the light guide plate. In some examples, affixing

the printed circuit to the light guide plate includes placing the light guide plate in a fixture,
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and applying the printed circuit with surface-mounted LEDs onto the light guide plate via a
tacking process. A camera is utilized to determine any gaps between the LEDs and the light
guide plate, and any necessary adjustments to the position of the printed circuit and LEDs
relative to the light guide plate are made to meet predetermined tolerance criteria. Once the
position of the printed circuit and LEDs relative to the light guide plate meets the
predetermined tolerance criteria, a press or other fixture compresses the printed circuit
against the light guide plate to activate the intervening pressure sensitive adhesive and
thereby bond the printed circuit to the light guide plate.

[0042] For clarity, the light guide plate and the printed circuit with affixed light
sources are separate components that are not mechanically coupled during their formation,
and are assembled together to provide the retention functions described herein after the
formation of these individual components.

[0043] FIG. 12 schematically shows a non-limiting embodiment of a computing
system 400 that can comprise or be included in the computing devices described herein.
Computing system 400 is shown in simplified form. Computing system 400 may take the
form of one or more personal computers, tablet computers, desktop monitors, gaming
devices, mobile computing devices, mobile communication devices (e.g., smart phones),
home-entertainment computers, and/or other computing devices. In the above examples,
the laptop computing device 104 may comprise computing system 400 or one or more
aspects of computing system 400.

[0044] Computing system 400 includes a logic processor 404, volatile memory 408,
a non-volatile storage device 412, and a display subsystem 416. Computing system 400 may
optionally include an input subsystem 420, communication subsystem 424, and/or other
components not shown in FIG. 12.

[0045] Logic processor 404 includes one or more physical devices configured to
execute instructions. For example, the logic processor may be configured to execute
instructions that are part of one or more applications, services, programs, routines, libraries,
objects, components, data structures, or other logical constructs. Such instructions may be
implemented to perform a task, implement a data type, transform the state of one or more
components, achieve a technical effect, or otherwise arrive at a desired result.

[0046] The logic processor 404 may include one or more physical processors
(hardware) configured to execute software instructions. Additionally or alternatively, the
logic processor may include one or more hardware logic circuits or firmware devices

configured to execute hardware-implemented logic or firmware instructions. Processors of
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the logic processor 404 may be single-core or multi-core, and the instructions executed
thereon may be configured for sequential, parallel, and/or distributed processing. Individual
components of the logic processor optionally may be distributed among two or more
separate devices, which may be remotely located and/or configured for coordinated
processing. Aspects of the logic processor may be virtualized and executed by remotely
accessible, networked computing devices configured in a cloud-computing configuration.
In such a case, these virtualized aspects are run on different physical logic processors of
various different machines, it will be understood.

[0047] Volatile memory 408 may include physical devices that include random
access memory (RAM). Volatile memory 408 is typically utilized by logic processor 404 to
temporarily store information during processing of software instructions. It will be
appreciated that volatile memory 408 typically does not continue to store instructions when
power is cut to the volatile memory 408.

[0048] Non-volatile storage device 412 includes one or more physical devices
configured to hold instructions executable by the logic processors to implement the methods
and processes described herein. When such methods and processes are implemented, the
state of non-volatile storage device 412 may be transformed—e.g., to hold different data.
[0049] Non-volatile storage device 412 may include physical devices that are
removable and/or built-in. Non-volatile storage device 412 may include optical memory
(e.g., CD, DVD, HD-DVD, Blu-Ray Disc, etc.), semiconductor memory (e.g., ROM,
EPROM, EEPROM, FLASH memory, etc.), and/or magnetic memory (e.g., hard-disk drive,
floppy-disk drive, tape drive, MRAM, etc.), or other mass storage device technology. Non-
volatile storage device 412 may include nonvolatile, dynamic, static, read/write, read-only,
sequential-access, location-addressable, file-addressable, and/or content-addressable
devices. It will be appreciated that non-volatile storage device 412 is configured to hold
instructions even when power is cut to the non-volatile storage device 412.

[0050] Aspects of logic processor 404, volatile memory 408, and non-volatile
storage device 412 may be integrated together into one or more hardware-logic components.
Such hardware-logic components may include field-programmable gate arrays (FPGAs),
program- and application-specific integrated circuits (PASIC / ASICs), program- and
application-specific standard products (PSSP / ASSPs), system-on-a-chip (SOC), and
complex programmable logic devices (CPLDs), for example.

[0051] Display subsystem 416 is used to present a visual representation of data held

by non-volatile storage device 412. As data held by the non-volatile storage device is
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changed, and the state of the non-volatile storage device is thus transformed, the state of
display subsystem 416 is likewise transformed to visually represent changes in the
underlying data. Display subsystem 416 may include one or more display devices utilizing
virtually any type of technology. Such display devices may be combined with logic
processor 404, volatile memory 408, and/or non-volatile storage device 412 in a shared
enclosure, or such display devices may be peripheral display devices. The liquid crystal
display 100 of laptop computing device 104 is one example of display subsystem 416.
[0052] When included, input subsystem 420 may comprise or interface with the one
or more user-input devices such as a keyboard, mouse, touch screen, electronic pen, stylus,
or game controller. In some embodiments, the input subsystem may comprise or interface
with selected natural user input (NUI) componentry. Such componentry may be integrated
or peripheral, and the transduction and/or processing of input actions may be handled on- or
off-board. Example NUI componentry may include a microphone for speech and/or voice
recognition; an infrared, color, stereoscopic, and/or depth camera for machine vision and/or
gesture recognition; a head tracker, eye tracker, accelerometer, and/or gyroscope for motion
detection and/or intent recognition; as well as electric-field sensing componentry for
assessing brain activity; and/or any other suitable sensor.

[0053] When included, communication subsystem 424 may be configured to
communicatively couple various computing devices described herein with each other, and
with other devices. Communication subsystem 424 may include wired and/or wireless
communication devices compatible with one or more different communication protocols.
As non-limiting examples, the communication subsystem may be configured for
communication via a wireless telephone network, or a wired or wireless local- or wide-area
network, such as a HDMI over Wi-Fi connection. In some embodiments, the communication
subsystem may allow computing system 400 to send and/or receive messages to and/or from
other devices via a network such as the Internet.

[0054] The following paragraphs provide additional support for the claims of the
subject application. One aspect provides a backlight module for a display, the backlight
module comprising a light guide plate; a plurality of light sources affixed to a printed circuit;
and an adhesive affixing the printed circuit to a light guide plate, wherein the light guide
plate comprises a body and a plurality of projections extending from the body, the plurality
of projections retaining two or more light sources of the plurality of light sources between
the projections and the body of the light guide plate. The backlight module may additionally

or alternatively include, wherein the light guide plate and the plurality of projections are
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molded as a unitary structure. The backlight module may additionally or alternatively
include, wherein each projection of the plurality of projections comprises an extension
portion that extends from the body of the light guide plate between two adjacent light
sources of the plurality of light sources. The backlight module may additionally or
alternatively include, wherein each of the extension portions extends perpendicularly from
an end face of the body of the light guide plate. The backlight module may additionally or
alternatively include, wherein each projection of the plurality of projections comprises a
first retention surface extending from an end of the extension portion for the projection, the
first retention surface spaced from an end face of the body of the light guide plate, the first
retention surface retaining a first light source of the plurality of light sources between the
first retention surface and an end face of the body of the light guide plate. The backlight
module may additionally or alternatively include, wherein the first retention surface is
positioned adjacent to a first side of the first light source that is opposite to a second side of
the light source, wherein the second side is adjacent to the end face of the body of the light
guide plate. The backlight module may additionally or alternatively include, wherein the
first retention surface contacts the first side of the first light source. The backlight module
may additionally or alternatively include, wherein the first retention surface defines a gap
between the first retention surface and the first side of the first light source. The backlight
module may additionally or alternatively include, wherein each projection of the plurality
of projections comprises a second retention surface extending from the end of the extension
portion in a direction opposite to the first retention surface, the second retention surface
retaining a second light source of the plurality of light sources between the second retention
surface and the end face of the body of the light guide plate. The backlight module may
additionally or alternatively include, wherein the first retention surface and the second
retention surface are perpendicular to the extension portion. The backlight module may
additionally or alternatively include, wherein each light source of the plurality of light
sources 1s retained by one or two projections of the plurality of projections. The backlight
module may additionally or alternatively include, wherein the plurality of projections are
evenly spaced across the light guide plate. The backlight module may additionally or
alternatively include, wherein one or more light sources of the plurality of light sources are
not retained by any projection of the plurality of projections.

[0055] Another aspect provides a method of assembling a backlight module, the
method comprising providing a plurality of light sources affixed to a printed circuit;

providing a light guide plate comprising a body and a plurality of projections extending
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from the body; and affixing the printed circuit to the light guide plate such that the plurality
of projections retain two or more of the plurality of light sources between the projections
and the body of the light guide plate. The method may additionally or alternatively include
molding the light guide plate and the plurality of projections as a unitary structure. The
method may additionally or alternatively include, wherein each projection of the plurality
of projections comprises an extension portion that extends from the body of the light guide
plate between two adjacent light sources of the plurality of light sources. The method may
additionally or alternatively include, wherein each of the extension portions extends
perpendicularly from an end face of the body of the light guide plate. The method may
additionally or alternatively include, wherein each projection of the plurality of projections
comprises a first retention surface extending from an end of the extension portion for the
projection, the first retention surface spaced from an end face of the body of the light guide
plate, the first retention surface retaining a first light source of the plurality of light sources
between the first retention surface and an end face of the body of the light guide plate. The
method may additionally or alternatively include, wherein each light source of the plurality
of light sources is retained by one or two projections of the plurality of projections.

[0056] Another aspect provides a display comprising a backlight module that
comprises: a light guide plate, a plurality of light sources affixed to a printed circuit, and an
adhesive affixing the printed circuit to the light guide plate, wherein the light guide plate
comprises a body and a plurality of projections extending from the body, the plurality of
projections retaining two or more of the plurality of light sources between the projections
and the body of the light guide plate; and a liquid crystal cell adjacent to the backlight
module.

[0057] It will be understood that the configurations and/or approaches described
herein are exemplary in nature, and that these specific embodiments or examples are not to
be considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of
processing strategies. As such, various acts illustrated and/or described may be performed
in the sequence illustrated and/or described, in other sequences, in parallel, or omitted.
Likewise, the order of the above-described processes may be changed.

[0058] The subject matter of the present disclosure includes all novel and non-
obvious combinations and sub-combinations of the various processes, systems and
configurations, and other features, functions, acts, and/or properties disclosed herein, as well

as any and all equivalents thereof.

13



WO 2022/040657 PCT/US2021/071128

CLAIMS:

1. A backlight module for a display, the backlight module comprising:

a light guide plate;

a plurality of light sources affixed to a printed circuit; and

an adhesive affixing the printed circuit to the light guide plate,

wherein the light guide plate comprises a body and a plurality of projections
extending from the body, each of the plurality of projections comprising a first retention
surface and a second retention surface, the two retention surfaces retaining two light sources
of the plurality of light sources between the projection and the body of the light guide plate,

respectively.

2. The backlight module of claim 1, wherein the light guide plate and the

plurality of projections are molded as a unitary structure.

3. The backlight module of any preceding claim, wherein each projection of the
plurality of projections comprises an extension portion that extends from the body of the

light guide plate between two adjacent light sources of the plurality of light sources.

4. The backlight module of 3, wherein each of the extension portions extends

perpendicularly from an end face of the body of the light guide plate.

5. The backlight module of claim 3, wherein the first retention surface extends
from an end of the extension portion for the projection, the first retention surface spaced
from an end face of the body of the light guide plate, the first retention surface retaining a
first light source of the plurality of light sources between the first retention surface and an

end face of the body of the light guide plate.

6. The backlight module of claim 5, wherein the first retention surface is
positioned adjacent to a first side of the first light source that is opposite to a second side of
the light source, wherein the second side is adjacent to the end face of the body of the light
guide plate.

14
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7. The backlight module of claim 6, wherein the first retention surface contacts

the first side of the first light source.

8. The backlight module of claim 6, wherein the first retention surface defines

a gap between the first retention surface and the first side of the first light source.

0. The backlight module of any one of claims 6 to 8, wherein the second
retention surface extends from the end of the extension portion in a direction opposite to the
first retention surface, the second retention surface retaining a second light source of the
plurality of light sources between the second retention surface and the end face of the body

of the light guide plate.

10.  The backlight module of claim 9, wherein the first retention surface and the

second retention surface are perpendicular to the extension portion.

11. The backlight module of any preceding claim, wherein each light source of
the plurality of light sources is retained by one or two projections of the plurality of

projections.

12. The backlight module of any preceding claim, wherein the plurality of

projections are evenly spaced across the light guide plate.

13.  The backlight module of any preceding claim, wherein one or more light
sources of the plurality of light sources are not retained by any projection of the plurality of

projections.

14. A method of assembling a backlight module, the method comprising:

providing a plurality of light sources affixed to a printed circuit;

providing a light guide plate comprising a body and a plurality of projections
extending from the body, each projection of the plurality of projections comprising a first
retention surface and a second retention surface; and

affixing the printed circuit to the light guide plate such that, for each of the plurality
of projections, the two retention surfaces retain two of the plurality of light sources between

the projection and the body of the light guide plate, respectively.
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15. The method of claim 14, further comprising molding the light guide plate

and the plurality of projections as a unitary structure.

16. The method of claim 14 or 15, wherein each projection of the plurality of
projections comprises an extension portion that extends from the body of the light guide

plate between two adjacent light sources of the plurality of light sources.

17. The method of claim 16, wherein each of the extension portions extends

perpendicularly from an end face of the body of the light guide plate.

18. The method of claim 16, wherein each projection of the plurality of
projections comprises a first retention surface extending from an end of the extension
portion for the projection, the first retention surface spaced from an end face of the body of
the light guide plate, the first retention surface retaining a first light source of the plurality
of light sources between the first retention surface and an end face of the body of the light

guide plate.

19.  The method of any one of claims 13 to 18, wherein each light source of the

plurality of light sources is retained by one or two projections of the plurality of projections.

20. A display, comprising:

a backlight module that comprises:

a light guide plate;

a plurality of light sources affixed to a printed circuit; and

an adhesive affixing the printed circuit to the light guide plate, wherein the light
guide plate comprises a body and a plurality of projections extending from the body, each
of the plurality of projections comprising a first retention surface and a second retention
surface, the two retention surfaces retaining two or more of the plurality of light sources
between the projection and the body of the light guide plate, respectively; and

a liquid crystal cell adjacent to the backlight module.

16



PCT/US2021/071128

WO 2022/040657

1/11

vor\

00k—TL




WO 2022/040657

PCT/US2021/071128

2111
130

126 /110

122

118

FIG. 2

134 138 42 FlG 3



WO 2022/040657 PCT/US2021/071128

o
D
/

R/
O o

FIG. 4

e T o N s O B

)

200
AN
=
1276

-
)
210

200
/\

V\—:\



PCT/US2021/071128

WO 2022/040657

4/11

0cc

vee

I




0000000000000

22222222222222222

FIG. 6



WO 2022/040657 PCT/US2021/071128

6/11

200

200

2007 230

[
230 200

184~
/ j n@ Tl
200 2§o 200 1

168
FIG. 7



WO 2022/040657

PCT/US2021/071128

FIG. 8



PCT/US2021/071128

WO 2022/040657

8/11

6 9l

c0c¢

ﬁ 99¢

0cc

c0¢

/ v@_m\ 88l

|

1] [T

D e

]

|

I/

18l

B




PCT/US2021/071128

WO 2022/040657

9/11

- E——— o - — e - S R - B - R —— - mp—

-

0l Ol

—

N 061l

08l



WO 2022/040657 PCT/US2021/071128

10/11 '/_300

PROVIDE PLURALITY OF LIGHT SOURCES AFFIXED TO PRINTED
CIRCUIT 304

l

PROVIDE A LIGHT GUIDE PLATE COMPRISING A BODY AND A
PLURALITY OF PROJECTIONS EXTENDING FROM THE BODY 308

EACH PROJECTION COMPRISES EXTENSION PORTION THAT
EXTENDS FROM THE BODY OF THE LIGHT GUIDE PLATE BETWEEN
TWO ADJACENT LIGHT SOURCES 312

EACH EXTENSION PORTION EXTENDS PERPENDICULARLY FROM AN
END FACE OF THE BODY OF THE LIGHT GUIDE PLATE 316

EACH PROJECTION COMPRISES FIRST RETENTION SURFACE
EXTENDING FROM END OF THE EXTENSION PORTION, THE FIRST
RETENTION SURFACE SPACED FROM THE END FACE OF THE BODY
OF THE LIGHT GUIDE PLATE, THE FIRST RETENTION SURFACE
RETAINING A FIRST LIGHT SOURCE BETWEEN THE FIRST
RETENTION SURFACE AND THE END FACE OF THE BODY OF THE
LIGHT GUIDE PLATE 320

l

MOLDING LIGHT GUIDE PLATE AND PROJECTIONS AS UNITARY
STRUCTURE 324

l

EACH LIGHT SOURCE IS RETAINED BY ONE OR TWO PROJECTIONS 328

l

AFFIXING PRINTED CIRCUIT TO THE LIGHT GUIDE PLATE SUCH THAT

THE PROJECTIONS RETAIN TWO OR MORE OF THE LIGHT SOURCES

BETWEEN THE PROJECTIONS AND THE BODY OF THE LIGHT GUIDE
PLATE 332

FIG. 11



WO 2022/040657

11/11

PCT/US2021/071128

COMPUTING SYSTEM 400 A
4 N\
LOGIC PROCESSOR 404
\_ J
4 ™
VOLATILE MEMORY 408
. J
[ NON-VOLATILE STORAGE DEVICE 412 ]
[ DISPLAY SUBSYSTEM 416 J
4 N\
INPUT SUBSYSTEM 420
\_ _J
4 \
COMMUNICATION SUBSYSTEM 424
\_ _J
Y

FIG. 12



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2021/071128

A. CLASSIFICATION OF SUBJECT MATTER
INV. F21v8/00

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G02B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 9 March 2017 (2017-03-09)
paragraphs [0068], [0081] -
figures 6-9

15 January 2009 (2009-01-15)
abstract; figures 1-3
paragraphs [0042], [0043],
[0054]

X US 2017/068037 Al (LIN YONGQIANG [CN] ET

[0083];

A US 2009/016079 Al (MIZUTANI HITOSHI [JP])

[0048],

1-6,8-19

US 2004/141305 Al (HIGASHIYAMA HIROSHI
[JP]) 22 July 2004 (2004-07-22)
paragraphs [0022] - [0025]; figures 1,2

US 2012/182497 Al (QI JUN [US] ET AL)

19 July 2012 (2012-07-19)
paragraphs [0042],

[0045]; figures 8,9

-/—

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 January 2022

Date of mailing of the international search report

25/01/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Ciarrocca, Marco

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2021/071128

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2007/035842 Al (SUH CHUNG-WOO [KR] ET
AL) 15 February 2007 (2007-02-15)
paragraphs [0065] - [0069]; figures 1,4,5
JP 2004 111114 A (SEIKO EPSON CORP)

8 April 2004 (2004-04-08)

abstract; figures 2,4,6,8,11

paragraphs [0009], [0015]

JP 2008 251298 A (CASIO COMPUTER CO LTD)
16 October 2008 (2008-10-16)

abstract; figures 1-3

paragraphs [0018], [0019], [0029]

US 2009/051846 Al (HORIUCHI YOSHITAKE [JP]
ET AL) 26 February 2009 (2009-02-26)
paragraphs [0041], [0055], [0057] -
[0062]; figures 1-6

US 2008/043171 Al (TAKAHASHI YOSHIAKI [JP]
ET AL) 21 February 2008 (2008-02-21)
paragraphs [0012], [0052]; figure 6

US 2012/155109 Al (HAYASHI TOKUMI [JP] ET
AL) 21 June 2012 (2012-06-21)

figure 1

1-7,9-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2021/071128

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2017068037 Al 09-03-2017 CN 104849793 A 19-08-2015
CN 111308826 A 19-06-2020
DE 202014102974 Ul 16-07-2014
EP 3121628 Al 25-01-2017
Us 2017068037 Al 09-03-2017
WO 2015124074 Al 27-08-2015

US 2009016079 Al 15-01-2009 CN 101147029 A 19-03-2008
EP 1867915 Al 19-12-2007
JP 4721160 B2 13-07-2011
JP 2006278122 A 12-10-2006
KR 20080005187 A 10-01-2008
W 200702591 A 16-01-2007
Us 2009016079 Al 15-01-2009
WO 2006103804 Al 05-10-2006

US 2004141305 Al 22-07-2004 CN 1512242 A 14-07-2004
JP 4161713 B2 08-10-2008
JP 2004213943 A 29-07-2004
Us 2004141305 A1 22-07-2004

US 2012182497 Al 19-07-2012 NONE

US 2007035842 Al 15-02-2007 JP 2007005309 A 11-01-2007
Us 2007035842 A1l 15-02-2007

JP 2004111114 A 08-04-2004 NONE

JP 2008251298 A 16-10-2008 JP 4967754 B2 04-07-2012
JP 2008251298 A 16-10-2008

US 2009051846 Al 26-02-2009 DE 102008039639 Al 09-04-2009
Us 2009051846 Al 26-02-2009

US 2008043171 Al 21-02-2008 CN 101126867 A 20-02-2008
JP 5142499 B2 13-02-2013
JP 2008046430 A 28-02-2008
Us 2008043171 A1 21-02-2008

US 2012155109 Al 21-06-2012 EP 2472172 Al 04-07-2012
JP 5242798 B2 24-07-2013
JP W02011024960 Al 31-01-2013
Us 2012155109 A1l 21-06-2012
WO 2011024960 Al 03-03-2011

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

