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(57) ABSTRACT

A liquid crystal display module includes a backlight unit, a
liquid crystal display panel on a top surface of the backlight
unit, and a thermoplastic layer on at least one lateral surface
of the backlight unit and at least one lateral surface of the
liquid crystal display panel, the thermoplastic layer including
a solidified thermoplastic resin exhibiting viscosity of about
300 cps to about 1,000 cps at a temperature of about 120° C.
to about 130° C.
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LIQUID CRYSTAL DISPLAY MODULE AND
METHOD OF FORMING THE SAME

BACKGROUND

[0001] 1. Field

[0002] Example embodiments relate to a liquid crystal dis-
play module and a method of forming the same. More spe-
cifically, example embodiments relate to a liquid crystal dis-
play module having a backlight unit and a liquid crystal
display panel secured by a solidified product of a thermoplas-
tic resin, and a method of forming the same.

[0003] 2. Description of the Related Art

[0004] Generally, a liquid crystal display module, e.g., a
display of a mobile phone and the like, may include a liquid
crystal display panel and a backlight unit. For example, the
backlight unit of the liquid crystal display module may
include a light source, e.g., a LED, and a plurality of sequen-
tially stacked optical sheets. The optical sheets may be
secured by a chassis, e.g., the chassis may constitute an outer
appearance of the backlight unit.

SUMMARY

[0005] An aspect of the example embodiments provides a
liquid crystal display module, including a backlight unit, a
liquid crystal display panel on a top surface of the backlight
unit, and a thermoplastic layer on at least one lateral surface
of the backlight unit and at least one lateral surface of the
liquid crystal display panel, the thermoplastic layer including
a solidified thermoplastic resin exhibiting viscosity of about
300 cps to about 1,000 cps at a temperature of about 120° C.
to about 130° C.

[0006] The liquid crystal display module may further
include a rim tape between the backlight unit and the liquid
crystal display panel.

[0007] The backlight unit and the liquid crystal display
panel may be secured inside a chassis.

[0008] The thermoplastic resin may include at least one of
a hot-melt type silicone adhesive, an ethylene-vinyl acetate
resin, an ethylene acetate-free vinyl resin, an acrylic resin, a
phenolic resin, and an epoxy resin.

[0009] The thermoplastic resin may include the hot-melt
type silicone adhesive, the hot-melt type silicone adhesive
having a weight average molecular weight of about 10,000
g/mol to about 200,000 g/mol.

[0010] The thermoplastic resin may include the ethylene-
vinyl acetate resin, the ethylene-vinyl acetate resin having a
weight average molecular weight of about 10,000 g/mol to
about 50,000 g/mol.

[0011] The thermoplastic resin may include the phenolic
resin, the phenolic resin including at least one of a novolac
type phenolic resin and a resol type phenolic resin.

[0012] The thermoplastic resin may include the epoxy
resin, the epoxy resin including at least one of a bisphenol-A
type epoxy resin and a bisphenol-F type epoxy resin.

[0013] The thermoplastic layer may further include a light
shielding pigment.

[0014] Thelight shielding pigment may include at least one
of a black pigment and a white pigment.

[0015] The thermoplastic layer may further include a silane
coupling agent.

[0016] The liquid crystal display module may further
include a cured product of a photo curable adhesive compo-
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sition on the at least one lateral surface of the backlight unit
and on the at least one lateral surface of the liquid crystal
display panel.

[0017] The cured product may directly contact the thermo-
plastic layer, the backlight unit, the liquid crystal display
panel, and a chassis.

[0018] The thermoplastic layer may be substantially only
on the lateral surfaces of the backlight unit and the liquid
crystal display panel, light from the backlight unit being
emitted from the top surface of the backlight unit toward a
bottom surface of the liquid crystal display panel.

[0019] The thermoplastic layer may extend along and
directly contacts each of the lateral surfaces of the backlight
unit and the liquid crystal display panel, the thermoplastic
layer being between the liquid crustal display panel and a
lateral side of a chassis.

[0020] An aspect of the example embodiments also pro-
vides amethod of forming a liquid crystal display module, the
method including forming a backlight unit, forming a liquid
crystal display panel on a top surface of the backlight unit, and
forming a thermoplastic layer connecting at least one lateral
surface of the backlight unit to at least one lateral surface of
the liquid crystal display panel, the thermoplastic layer
including a solidified thermoplastic resin exhibiting viscosity
of'about 300 cps to about 1,000 cps at a temperature of about
120° C. to about 130° C.

[0021] Forming the thermoplastic layer may include melt-
ing the thermoplastic resin to exhibit the viscosity of about
300 cps to about 1,000 cps, and injecting the molten thermo-
plastic resin onto the lateral surfaces of the backlight unit and
the liquid crystal display panel.

[0022] Forming the thermoplastic layer may include inject-
ing a molten thermoplastic resin onto the lateral surfaces of
the backlight unit and the liquid crystal display panel to a
substantially uniform thickness.

BRIEF DESCRIPTION OF DRAWINGS

[0023] Features will become apparent to those of ordinary
skill in the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:

[0024] FIG. 1 illustrates a partial cross-sectional view of a
liquid crystal display module in accordance with an exem-
plary embodiment; and

[0025] FIG. 2 illustrates a partial cross-sectional view of a
liquid crystal display module in accordance with another
exemplary embodiment.

DETAILED DESCRIPTION

[0026] Korean Patent Application No. 10-2010-0140389,
filed on Dec. 31, 2010, in the Korean Intellectual Property
Office, and entitled: “Liquid Crystal Display Module and
Liquid Crystal Display Including the Same,” is incorporated
by reference herein in its entirety.

[0027] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
[0028] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer (or element) is referred



US 2012/0169961 Al

to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may also
be present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0029] A liquid crystal display module according to an
example embodiment may include a liquid crystal display
panel on a backlight unit. The backlight unit and the liquid
crystal display panel may be secured to each other by a
solidified product of a thermoplastic resin, which has a vis-
cosity of about 300 cps to about 1,000 cps at a temperature of
about 120° C. to about 130° C. Herein, the term “solidified
product” refers to material formed from solidification of a
molten thermoplastic resin, e.g., a solidified thermoplastic
resin.

[0030] That is, the liquid crystal display module may
include a backlight unit and a liquid crystal display panel
stacked on a top surface of the backlight unit, i.e., so light
from the backlight unit is emitted from the top surface of the
backlight unit toward a bottom surface of the liquid crystal
display panel. The liquid crystal display module may further
include a solidified product of a thermoplastic resin, which
has a viscosity of about 300 cps to about 1,000 cps at a
temperature of about 120° C. to about 130° C. The solidified
product of the thermoplastic resin may be deposited on at
least one lateral side including the backlight unit and the
liquid crystal display panel to facilitate connection between
the backlight unit and the liquid crystal display panel without
minimizing area of surfaces transmitting light.

[0031] The liquid crystal display module according to an
example embodiment will be described in more detail with
reference to FIG. 1. FIG. 1 illustrates a partial cross-sectional
view of a liquid crystal display module in accordance with an
example embodiment.

[0032] Referring to FIG. 1, the liquid crystal display mod-
ule may include a backlight unit 1 and a liquid crystal display
panel 2 stacked on a top surface 1a of the backlight unit 1. The
backlight unit 1 may include a light source, e.g., a LED, a
reflective sheet 4, a light guide plate 5, a diffuser sheet 6,
prism sheets 7 including a horizontal prism sheet 7a and a
vertical prism sheet 75, and a white frame 10 shielding light.
[0033] A rim tape 9 may be interposed between the back-
light unit 1 and the liquid crystal display panel 2, e.g., only
between the top surface 1a of the backlight unit 1 and a
bottom surface 2a of the liquid crystal display panel 2. For
example, the rim tape 9 may be deposited only along a perim-
eter or only along disconnected peripheral portions of the top
surface of the backlight unit 1. The rim tape 9 allows the
backlight unit 1 and the liquid crystal display panel 2 to be
stably stacked.

[0034] For example, the rim tape 9 may be a double-sided
adhesive tape, so one side of the rim tape may 9 be attached to
a part of the top surface 1a of the backlight unit 1 and another
side of the rim tape 9 may be attached to a part of the bottom
surface 2a of the liquid crystal display panel 2. The rim tape
9 may have a width of about 1 mm to about 2 mm, but is not
limited thereto. Examples of available rim tape 9 products
may include 9294 and 9294B (manufactured by Minnesota
Mining & Manufacture Company), and the like.

[0035] The backlight unit 1 and the liquid crystal display
panel 2 may be secured to a chassis 8. The chassis 8 may be
secured to the backlight unit 1 via a bonding film 11 placed on
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alower side of the backlight unit 1 and on an upper side of the
chassis 8. Any suitable bonding film, e.g., 9294 or 9294B
(manufactured by Minnesota Mining & Manufacture Com-
pany), may be used as the bonding film 11.

[0036] A thermoplastic layer 12 may be deposited inside
the liquid crystal display module to secure the backlight unit
1 and the liquid crystal display panel 2. The thermoplastic
layer 12 may be a solidified product of a thermoplastic resin
exhibiting viscosity of about 300 cps to about 1,000 cps ata
temperature of about 120° C. to about 130° C. The thermo-
plastic layer 12 may be deposited on one side including the
backlight unit 1 and the liquid crystal display panel 2 or
between the chassis 8 and the one side including the backlight
unit 1 and the liquid crystal display panel 2. The thermoplas-
tic layer 12 may secure the backlight unit 1 and the liquid
crystal display panel 2 to each other or may secure the back-
light unit 1, the liquid crystal display panel 2, and the chassis
8 to one another.

[0037] In detail, the thermoplastic layer 12 may extend
along at least one side to contact at least one lateral side
surface 15 of the backlight unit 1 and at least one lateral side
surface 25 of the liquid crystal display panel 2, e.g., the side
surfaces 16 and 2b may face a same direction. For example,
the thermoplastic layer 12 may overlap at least a majority of
a length of each of the lateral side surfaces 15 and 25 of the
backlight unit 1 and the liquid crystal display panel 2, respec-
tively. A thickness of the thermoplastic layer 12 may be
adjusted, so the thermoplastic layer 12 may extend along and
contact only the liquid crystal display panel 2 and the back-
light unit 1 or the thermoplastic layer 12 may also contact the
chassis 8.

[0038] As discussed previously, the thermoplastic layer 12
may require a specific viscosity in order to secure the liquid
crystal display panel 2 to the backlight unit 1 after stacking
the liquid crystal display panel 2 on the backlight unit 1. That
is, the thermoplastic layer 12 according to example embodi-
ments may exhibit a viscosity of about 300 cps to about 1,000
cps at a temperature of about 120° C. to about 130° C., e.g.,
about 300 cps to about 600 cps at about 120° C. to about 130°
C., in order to sufficiently secure the liquid crystal display
panel 2 on the backlight unit 1.

[0039] If the viscosity of thermoplastic layer 12 is lower
than 300 cps, the thermoplastic layer 12, i.e., the thermoplas-
ticresin in the thermoplastic layer 12, may be too thin, i.e., the
thermoplastic resin may not stop flowing due to excessively
high fluidity after deposition. That is, a thin thermoplastic
layer may not remain on the lateral surfaces of the liquid
crystal display panel and backlight unit, e.g., may continue
flowing toward a bottom of the backlight unit and the chassis,
thereby failing to secure, e.g., connect, the backlight unit to
the liquid crystal display panel.

[0040] If the viscosity of thermoplastic layer 12 is higher
than 1,000 cps, the thermoplastic layer 12, i.e., the thermo-
plastic resin in the thermoplastic layer 12, may be too thick,
e.g., discharge characteristics of the resin may be deterio-
rated. That is, the thermoplastic layer 12 may not be uni-
formly discharged, e.g., uniformly applied, in the liquid crys-
tal display module, thereby failing to secure, e.g., connect, the
backlight unit to the liquid crystal display panel.

[0041] When assembling the backlight unit 1 and the liquid
crystal display panel 2 to form the liquid crystal display
module, a molten thermoplastic resin may be deposited on the
one side including the backlight unit 1 and the liquid crystal
display panel 2 or between the chassis 8 and the one side.
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After deposition, the molten thermoplastic resin may be
solidified to form a solidified product, i.e., the thermoplastic
layer 12, at about 25° C., thereby securing the backlight unit
1 and the liquid crystal display panel 2 to each other, or
securing the backlight unit 1, the liquid crystal display panel
2, and the chassis 8 to one another.

[0042] Since distances between the backlight unit 1, the
liquid crystal display panel 2, and the chassis 8 are very
narrow, the molten thermoplastic resin may be deposited via,
e.g., injection. For example, the molten thermoplastic resin
may be injected using a syringe facilitating temperature con-
trol and having a diameter of about 200 pm or less, without
being limited thereto.

[0043] The thermoplastic resin may include at least one of
hot-melt type silicone adhesives, ethylene-vinyl acetate res-
ins, ethylene acetate-free vinyl resins, acrylic resins, phenolic
resins, and epoxy resins

[0044] Thehot-melt type silicone adhesive is in solid phase
at about 25° C. and is melted into liquid at a predetermined
temperature (Tg) or more. After being deposited in a liquid
state, the hot-melt type silicone adhesive is solidified at about
25° C. and secures the backlight unit, the liquid crystal dis-
play panel, and the chassis to one another. The hot-melt type
silicone adhesive may have a weight average molecular
weight of about 10,000 g/mol to about 200,000 g/mol.

[0045] The ethylene-vinyl acetate resin or the ethylene
acetate-free vinyl resin is in solid phase at about 25° C. and is
melted into liquid at a predetermined temperature (Tg) or
more. After being deposited in a liquid state, the ethylene-
vinyl acetate resin or the ethylene acetate-free vinyl resin is
solidified at about 25° C. and secures the backlight unit, the
liquid crystal display panel, and the chassis to one another.
The ethylene-vinyl acetate resin may have a weight average
molecular weight of about 10,000 g/mol to about 50,000
g/mol.

[0046] The phenolic resin may be at least one of, e.g.,
novolac type phenolic resins and resol type phenolic resins.
The epoxy resin may be at least one of, e.g., bisphenol-A type
epoxy resins and bisphenol-F type epoxy resins.

[0047] The thermoplastic layer 12, i.e., the solidified prod-
uct of the thermoplastic resin, may further include a light
shielding pigment. The light shielding pigment may shield
light which can enter the liquid crystal display module. For
example, the light shielding pigment may be at least one of
black pigments and white pigments.

[0048] The thermoplastic layer 12, i.e., the solidified prod-
uct of the thermoplastic resin, may further include a silane
coupling agent. The silane coupling agent improves adhesion
ofthe thermoplastic resin, so that the thermoplastic resin may
more reliably secure the chassis. Any typical silane coupling
agent, e.g., a vinyl group or a mercapto group containing
silane coupling agent, may be used. For example, the silane
coupling agent may include at least one of a polymeric unsat-
urated group containing silicon compounds, e.g., vinyltri-
ethoxysilane, (meth)acryloxypropyltrimethoxysilane, tri-
methoxysilane, and the like, amino group containing silicon
compounds, e.g., 3-aminopropyltrimethoxysilane, N-(2-ami-
noethyl)-3-aminopropyltrimethoxysilane, = N-(2-aminoet-
hyl)-3-aminopropylmethyldimethoxysilane, and the like,
silicon compounds having an epoxy structure, e.g., 3-glyci-
doxypropyltrimethoxysilane, 3-glycidoxypropylmeth-
yldimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethox-
ysilane, and the like, and 3-chloropropyltrimethoxysilane.

Jul. 5,2012

[0049] The liquid crystal display module according to
example embodiments may further include a cured product of
a photo curable adhesive composition on one side including
the backlight unit and the liquid crystal display panel, as will
be explained in more detail below with reference to FIG. 2.
FIG. 2 illustrates a partial cross-sectional view of a liquid
crystal display module in accordance with another exemplary
embodiment.

[0050] The liquid crystal display module in FIG. 2 may be
substantially the same as the liquid crystal display module of
FIG. 1, with the exception of additionally including a cured
product 13 of a photo curable adhesive composition on one
side of the liquid crystal display panel 2 and the backlight unit
1 or between the liquid crystal display panel 2, the backlight
unit 1, and the chassis 8. The cured product 13 of the photo
curable adhesive composition may primarily secure the back-
light unit 1, the liquid crystal display panel 2, and the chassis
8.

[0051] The photo curable adhesive composition may
include a urethane (meth)acrylate binder, a photo curable
monomer, an adhesion improving monomer, and a photoini-
tiator, without being limited thereto. For example, the photo
curable monomer may include at least one of a hydroxyl
group-containing vinyl-based monomer, a carboxyl group-
containing vinyl-based monomer, an alicyclic ring-contain-
ing vinyl-based monomer, and an alkyl group-containing
vinyl-based monomer.

[0052] After the cured product 13 of the photo curable
adhesive composition is formed and applied to the liquid
crystal display module, the thermoplastic layer 12 may be
formed on one side including the backlight unit 1 and the
liquid crystal display panel 2, or between the chassis 8 and the
one side. For example, as illustrated in FIG. 2, portions of the
thermoplastic layer 12 may be between the chassis 8 and the
cured product 13. For example, the cured product 13 may be
applied to contact the lateral surfaces 15 and 25 of the back-
light unit 1 and the liquid crystal display panel 2, and the
thermoplastic layer 12 may be applied to fill a remaining
space defined by the chassis 8, cured product 13, and the one
side. The solidified product of the thermoplastic layer 12 may
secondarily secure the backlight unit 1, the liquid crystal
display panel 2, and the chassis 8. For example, the solidified
product of the thermoplastic layer 12 may be formed on one
side including the backlight unit 1 and the liquid crystal
display panel 2 and between the chassis 8 and the liquid
crystal display module.

[0053] In accordance with another aspect of the example
embodiments, a method for forming the liquid crystal display
module may be provided. The method may include injecting
a molten thermoplastic resin onto at least one side including
lateral surfaces 15 and 26 of the backlight unit 1 and the liquid
crystal display panel 2. The thermoplastic resin may form a
thermoplastic layer 12 exhibiting viscosity of about 300 cps
to about 1,000 cps at a temperature of about 120° C. to about
130° C.

[0054] Next, the constitution and functions of the example
embodiments will be explained in more detail with reference
to the following examples. These examples are provided for
illustrative purposes only and are not to be in any way con-
strued as limiting the example embodiments. A description of
details apparent to those skilled in the art will be omitted.

EXAMPLES
Example 1

[0055] A 1 mm width rim tape (9294 or 9294B obtained
from 3M) was bonded to a top surface of a backlight unit
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including a reflective sheet, a light guide plate, a diffuser
sheet, prism sheets, and an upper glass plate. Then, a liquid
crystal display panel was bonded to the rim tape and secured
to a chassis. An ethylene-vinyl acetate resin (vinyl acetate
adhesive 330, Ogong Bond Co., Ltd., Korea) was melted to
have viscosity of 500 cps at 120° C., followed by injection
using a 100 mL syringe (Musashi, Japan) onto adjacent lateral
surfaces of the backlight unit and liquid crystal display panel
to form a substantially uniform molten layer. The molten
layer was allowed to cool to room temperature and solidify to
form the thermoplastic layer. The viscosity of the molten
ethylene-vinyl acetate resin was measured at 120° C. using a
DV-I1+ viscometer (Brookfield Co., Ltd., Germany) at 100
rpm with Spindle No. #7 after placing 400 g of the resin in a
500 ml Nalgene bottle (73.8 mm outer diameterx169.8 mm
height).

Example 2

[0056] A liquid crystal display module was obtained by the
same method as in Example 1, except that a molten mixture of
a hot-melt type silicone adhesive HM-2500 (viscosity: 500
cps at 120° C., Dow Corning Co., Ltd., U.S.A.) and a silane
coupling agent (3-glycidylpropyl triethoxysilane) was used
instead of the molten ethylene-vinyl acetate resin. The hot-
melt type silicone adhesive HM-2500 and silane coupling
agent were mixed at a weight ratio of 1:1.

Example 3

[0057] A liquid crystal display module was obtained by the
same method as in Example 1, except that a molten epoxy
resin 1386 (cream color, viscosity: 300 cps at 120° C., 3M
Korea Co., Ltd.) was used instead of the molten ethylene-
vinyl acetate resin.

Example 4

[0058] A liquid crystal display module was obtained by the
same method as in Example 1, except that a molten phenolic
resin KC-2636HV (viscosity: 300 cps at 120° C., Gangnam
Chemicals Co., Ltd., Korea) was used instead of the molten
ethylene-vinyl acetate resin.

Comparative Example 1

[0059] A liquid crystal display module was obtained by the
same method as in Example 1, except that HJ-4000 (viscos-
ity: 10 cps at 120° C., Brothers Industry Co., Ltd., Korea) was
used instead of the molten ethylene-vinyl acetate resin.

Comparative Example 2

[0060] A liquid crystal display module was obtained by the
same method as in Example 1, except that HM-2500 (viscos-
ity: 210,000 cps at 120° C., Dow Corning Co., Ltd., U.S.A.)
was used instead of the ethylene-vinyl acetate resin.

[0061] Experiment: Effectiveness Evaluation in Assembly
of Mobile Phone

[0062] Evaluation results with respect to the liquid crystal
display modules according to Examples 1 to 4 and Compara-
tive Examples 1 and 2 are listed in Table 1. The thickness of
each thermoplastic layer was measured using an optical
microscope (MA200, Nikon, Japan) after deposition and
photo-curing thereof. Sheet penetration of the liquid thermo-
plastic resin was evaluated with the naked eye.
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TABLE 1
Compar-  Compar-
ative ative
Exam- Exam- Exam- Exam- Exam- Exam-
plel ple2 ple3 ple 4 plel ple2
Attach- Good Good Good Good Poor Good
ment
effect
Thickness 205pm 220 pm 210 pm 240 pm 120 pm 350 pm
after
deposition
Penetra- No No No No Yes No
tion of
resin
[0063] As can seen from Table 1, the liquid crystal display

modules according to the Examples 1-4 exhibited good
attachment effects, had thin thicknesses after deposition, and
did not exhibit resin penetration. On the contrary, in the liquid
crystal display module according to Comparative Example 1,
in which the viscosity of the resin was excessively low, the
liquid resin penetrated into a sheet layer, thereby generating
stains, and did not exhibit sufficient adhesion to attach the
backlight unit and the liquid crystal display panel. Further, in
the liquid crystal display module according to Comparative
Example 2, in which the viscosity of the resin was excessively
high, thickness control of the resin failed.

[0064] Therefore, a liquid crystal display module accord-
ing to an example embodiment may include a thermoplastic
layer extending along and connecting lateral sides of the
liquid crystal display panel and the backlight unit to improve
attachment thereof without reducing light transmittance
through front/back surfaces of the backlight unit and liquid
crystal display panel. The thermoplastic layer may be a solidi-
fied product of a thermoplastic resin, which has a viscosity of
about 300 cps to about 1,000 cps at a temperature of about
120° C. to about 130° C. in order to provide a uniform layer
with a sufficient thickness on the lateral sides of the liquid
crystal display panel and the backlight unit. As such, the
liquid crystal display module according to example embodi-
ments may exhibit improved stability and rigidity, while hav-
ing improved display properties, e.g., an enlarged display
window of a mobile phone.

[0065] In contrast, a conventional liquid crystal display
module may include an adhesive tape, e.g., an adhesive
double-sided tape, between a top surface of a backlight unit
and a bottom surface of a liquid crystal display panel to secure
the backlight unit to the liquid crystal display panel. However,
as a width of the conventional adhesive tape is about 2.1 mm
to about 2.2 mm, there may be a limit to a size of a display
window of'a liquid crystal display module, e.g., the size of the
tape and overall size of a mobile phone may cause a display
window of the mobile phone to be relatively small. Further, it
may be physically difficult to perform any manufacturing
operations with an adhesive tape having a width of about 1
mm or less, e.g., adhesion of such an adhesive tape may by
significantly deteriorated, thereby reducing adhesion
between a window glass material used for the liquid crystal
display panel and a polycarbonate material used for the back-
light unit. As such, coupling between the backlight unit and
the liquid display panel in a conventional liquid crystal dis-
play module may be damaged or completely broken upon
impact. Further, when a photo curable material is added to the
conventional adhesive tape, the photo curable material may
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be modified to increase its degree of transparency and to
facilitate curing of the material. However, light leakage can
occur through a gap between the chassis and a window layer.
[0066] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the example embodiments as set forth in
the following claims.

What is claimed is:

1. A liquid crystal display module, comprising:

a backlight unit;

a liquid crystal display panel on a top surface of the back-

light unit; and

a thermoplastic layer on at least one lateral surface of the

backlight unit and at least one lateral surface of the liquid
crystal display panel, the thermoplastic layer including a
solidified thermoplastic resin exhibiting viscosity of
about 300 cps to about 1,000 cps at a temperature of
about 120° C. to about 130° C.

2. The liquid crystal display module as claimed in claim 1,
further comprising a rim tape between the backlight unit and
the liquid crystal display panel.

3. The liquid crystal display module as claimed in claim 1,
wherein the backlight unit and the liquid crystal display panel
are secured inside a chassis.

4. The liquid crystal display module as claimed in claim 1,
wherein the thermoplastic resin includes at least one of a
hot-melt type silicone adhesive, an ethylene-vinyl acetate
resin, an ethylene acetate-free vinyl resin, an acrylic resin, a
phenolic resin, and an epoxy resin.

5. The liquid crystal display module as claimed in claim 4,
wherein the thermoplastic resin includes the hot-melt type
silicone adhesive, the hot-melt type silicone adhesive having
a weight average molecular weight of about 10,000 g/mol to
about 200,000 g/mol.

6. The liquid crystal display module as claimed in claim 4,
wherein the thermoplastic resin includes the ethylene-vinyl
acetate resin, the ethylene-vinyl acetate resin having a weight
average molecular weight of about 10,000 g/mol to about
50,000 g/mol.

7. The liquid crystal display module as claimed in claim 4,
wherein the thermoplastic resin includes the phenolic resin,
the phenolic resin including at least one of a novolac type
phenolic resin and a resol type phenolic resin.

8. The liquid crystal display module as claimed in claim 4,
wherein the thermoplastic resin includes the epoxy resin, the
epoxy resin including at least one of a bisphenol-A type
epoxy resin and a bisphenol-F type epoxy resin.

9. The liquid crystal display module as claimed in claim 1,
wherein the thermoplastic layer further comprises a light
shielding pigment.
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10. The liquid crystal display module as claimed in claim 9,
wherein the light shielding pigment includes at least one of a
black pigment and a white pigment.

11. The liquid crystal display module as claimed in claim 1,
wherein the thermoplastic layer further comprises a silane
coupling agent.

12. The liquid crystal display module as claimed in claim 1,
further comprising a cured product of a photo curable adhe-
sive composition on the at least one lateral surface of the
backlight unit and on the at least one lateral surface of the
liquid crystal display panel.

13. The liquid crystal display module as claimed in claim
12, wherein the cured product directly contacts the thermo-
plastic layer, the backlight unit, the liquid crystal display
panel, and a chassis.

14. The liquid crystal display module as claimed in claim 1,
wherein the thermoplastic layer is only on the lateral surfaces
ofthe backlight unit and the liquid crystal display panel, light
from the backlight unit being emitted from the top surface of
the backlight unit toward a bottom surface of the liquid crystal
display panel.

15. The liquid crystal display module as claimed in claim 1,
wherein the thermoplastic layer extends along and directly
contacts each of the lateral surfaces of the backlight unit and
the liquid crystal display panel, the thermoplastic layer being
between the liquid crustal display panel and a lateral side of a
chassis.

16. A method of forming a liquid crystal display module,
the method comprising:

forming a backlight unit;

forming a liquid crystal display panel on a top surface of

the backlight unit; and

forming a thermoplastic layer connecting at least one lat-

eral surface of the backlight unit to at least one lateral
surface of the liquid crystal display panel, the thermo-
plastic layer including a solidified thermoplastic resin
exhibiting viscosity of about 300 cps to about 1,000 cps
at a temperature of about 120° C. to about 130° C.

17. The method as claimed in claim 16, wherein forming
the thermoplastic layer includes:

melting the thermoplastic resin to exhibit the viscosity of

about 300 cps to about 1,000 cps; and

injecting the molten thermoplastic resin onto the lateral

surfaces of the backlight unit and the liquid crystal dis-
play panel.

18. The method as claimed in claim 16, wherein forming
the thermoplastic layer includes injecting a molten thermo-
plastic resin onto the lateral surfaces of the backlight unit and

the liquid crystal display panel to a substantially uniform
thickness.
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