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(57) ABSTRACT

A liquid crystal display device includes at least: a liquid
crystal display panel; alight source provided on a back side of
the liquid crystal display panel; and a frame accommodating
the liquid crystal display panel and the light source and hav-
ing an upper opening and a lower opening in an upper portion
and a lower portion of the frame, respectively. The liquid
crystal display panel includes a TFT substrate provided on a
side of the light source, a CF substrate, a liquid crystal layer
interposed between the TFT substrate and the CF substrate, a
thin film driving circuit formed on the TFT substrate for
driving the liquid crystal layer, and a front polarizing plate
provided on a front surface of the CF substrate and having an
overhanging portion overhanging from a periphery of the CF
substrate. The front polarizing plate covers the upper opening
of the frame and the overhanging portion is fixed to an upper
end surface of the frame.

3 Claims, 1 Drawing Sheet

8 7 81
6 41
L) g

AN AN AR LA |

U | |

S ¢
1149 12 !

1 /
3 2 5 42?1



U.S. Patent Mar. 13, 2012 US 8,134,675 B2

i
FI1G. 1 <

.........................................................

.........................................................

I——>l:1
L




US 8,134,675 B2

1
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device including at least a liquid crystal display panel, a light
source provided on the back side of the liquid crystal display
panel, and a frame accommodating the liquid crystal display
panel and the light source.

2. Description of the Related Art

Japanese Patent Laid-Open Publication No. 2005-49450
discloses afixed structure of a liquid crystal display panel and
abacklight unit. This fixed structure is characterized in thata
polarizing plate attached to a viewing side of the liquid crystal
display panel is larger than the outer size of a glass substrate
of the liquid crystal display panel and an overhanging portion
of the polarizing plate which overhangs from the glass sub-
strate is bonded to an upper end of a frame to fix the liquid
crystal display panel and the backlight unit. This fixed struc-
ture narrows the frame and improves impact resistance.

In the fixed structure of Japanese Patent Laid-Open Publi-
cation No. 2005-49450, however, as shown in FIG. 2 of
Japanese Patent Laid-Open Publication No. 2005-49450, a
driver IC chip is mounted on the back surface of a second
substrate 5 provided on the viewing side (see paragraph
[0017] of Japanese Patent Laid-Open Publication No. 2005-
49450) and a protruding portion 5a is exposed. Therefore,
light entering from outside to the protruding portion 5a may
cause malfunction of the driver IC. In order to prevent light
leakage from outside, it is necessary to attach a very expen-
sive light-shielding tape or light-shielding sheet to the pro-
truding portion Sa, resulting in high cost.

Moreover, the driver IC chip mounted on the back surface
of the second substrate 5 is thicker than a first substrate 4.
Therefore, a backlight unit 3 has an increased thickness in
order to assure space for the driver IC chip.

An FPC (Flexible Printed Circuit) is thermocompression-
bonded to the second substrate 5 with an anisotropic conduc-
tive film (ACF) and the FPC is exposed. Therefore, during
handling of the FPC or the like, stress is applied to the ther-
mocompression-bonded portion and the FPC may be sepa-
rated. Therefore, extreme care is required to be taken when
handling and the vield is not good. Moreover, the separated
FPC needs reworking, increasing the number of steps.

SUMMARY OF THE INVENTION

In order to overcome the problems described above, pre-
ferred embodiments of the present invention to provide a
liquid crystal display device that achieves cost reduction, a
reduction in the device thickness, and prevents separation of
an input substrate such as an FPC.

A preferred embodiment of the present invention provides
a liquid crystal display device including at least: a liquid
crystal display panel; a light source provided on a back side of
the liquid crystal display panel; and a frame accommodating
the liquid crystal display panel and the light source. The
liquid crystal display panel includes a first substrate provided
on a side of the light source, a second substrate facing the first
substrate, a liquid crystal layer interposed between the first
substrate and the second substrate, a thin film driving circuit
formed on the first substrate for driving the liquid crystal
layer, and an optical function sheet provided on a front sur-
face of the second substrate and having an overhanging por-
tion overhanging from a periphery of the second substrate.
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The optical function sheet covers an upper opening of the
frame and the overhanging portion is fixed to an upper end
surface of the frame.

Typically, the thin film driving circuit is a full monolithic
integrated driving circuit and is formed on the first substrate
by a photolithography method or the like. The optical func-
tion sheet is a planar member provided outside the substrate
for affecting light. Examples of the optical function sheet
include a polarizing plate and a phase difference plate.

The light source may include a light guide plate for emit-
ting light toward the liquid crystal display panel, and a reflec-
tion sheet provided on a back surface of the light guide plate
and having an overhanging portion overhanging from a
periphery of the light guide plate. In this case, the reflection
sheet preferably covers a lower opening of the frame and the
overhanging portion ofthe reflection sheet is preferably fixed
to a lower end surface of the frame.

The liquid crystal display device may further include an
input substrate connected to the first substrate for applying a
signal from outside to the thin film driving circuit. In this case,
a portion of the input substrate is preferably interposed
between the upper end surface ofthe frame and the overhang-
ing portion of the optical function sheet. Examples of the
input substrate include an interface such as an FPC and a heat
connector.

According to various preferred embodiments of the present
invention, the manufacturing cost of a liquid crystal display
device can be reduced. Moreover, the thickness of the liquid
crystal display device can be reduced. Moreover, separation
of an input substrate such as an FPC in the liquid crystal
display device can be prevented.

Other features, elements, processes, steps, characteristics
and advantages of the present invention will become more
apparent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a liquid crystal display
device according to a preferred embodiment of the present
invention.

FIG. 2 is a cross-sectional view taken along line II-1T in
FIG. 1.

FIG. 3 is a cross-sectional view taken along line ITI-1IT in
FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. It should be noted that, in the following preferred
embodiments, a TFT (thin film transistor) liquid crystal dis-
play device will be described as an example of the invention.

FIG. 1 is a schematic plan view of a liquid crystal display
device of a preferred embodiment of the present invention.
FIG. 2 is a cross-sectional view taken along line II-1I in FIG.
1. FIG. 3 is a cross-sectional view taken along line III-II1 in
FIG. 1. The liquid crystal display device of the present pre-
ferred embodiment includes a liquid crystal display panel 10,
alightsource 20 provided on the back side of theliquid crystal
display panel 10 (on the side opposite to the viewer side), and
a frame 4 accommodating the liquid crystal display panel 10
and the light source 20.

The liquid crystal display panel 10 includes a color filter
glass substrate (hereinafter, referred to as CF substrate) 7
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provided on the opposite side to the light source 20, a TFT
glass substrate (hereinafter, referred to as TFT substrate) 6
facing the CF substrate 7, a liquid crystal layer (not shown)
interposed between the CF substrate 7 and the TFT substrate
6, and a thin film driving circuit 16 formed on the TFT
substrate 6 for driving the liquid crystal layer. A front polar-
izing plate 8 and a rear polarizing plate 5 are provided on the
front surface of the CF substrate 7 and the back surface of the
TFT substrate 6, respectively. A terminal portion (not shown)
is provided in the periphery of the TE'T substrate 6 and an FPC
9 is thermocompression-bonded to the terminal portion with
an ACF.

A plurality of pixel electrodes (not shown) are arranged in
amatrix on the TFT substrate 6 and a common electrode (not
shown) is formed on the CF substrate 7. The plurality of pixel
electrodes arranged in a matrix are respectively connected to
TFTs (not shown) for controlling voltage application. Source
lines and gate lines connected to the TFTs extend to a periph-
eral region of the TFT substrate 6 and are connected to the thin
film driving circuit 16. When a signal is applied from outside
to the thin film driving circuit 16 through the FPC 9, the thin
film driving circuit 16 outputs a TFT driving signal to control
voltage application to the plurality of pixel electrodes
arranged in a matrix. A transmittance of the liquid crystal
layer is thus controlled ona pixel by pixel basis and gray-scale
display is provided.

The light source 20 includes a light guide plate 2 for emit-
ting light toward the liquid crystal display panel 10, an LED
(light emitting diode) 12 provided on an end surface of the
light guide plate 2, an FPC 13 on which the LED 12 is
mounted, a lens sheet and the like (such as a diffusing sheet
and a lens sheet) 3 provided on the front surface of the light
guide plate 2, and a reflection sheet 1 provided on the back
surface of the light guide plate 2.

The frame 4 is shaped to surround the liquid crystal display
panel 10 and the light source 20. The frame 4 has an upper
opening and a lower opening in its upper portion and lower
portion, respectively. An upper end surface 41 of the frame 4
is approximately flush with the front surface of the CF sub-
strate 7 of the liquid crystal display panel 10. A recess for
allowing the FPC 9 to extend to the outside is provided at the
upper end surface 41 of one sidewall of the frame 4.

The front polarizing plate 8 has an overhanging portion 81
overhanging from the periphery (four sides) of the CF sub-
strate 7. In other words, the front polarizing plate 8 is larger
than the CF substrate 7 and laterally overhangs from the four
sides of the CF substrate 7 when viewed two-dimensionally.
The overhanging portion 81 of the front polarizing plate 8 is
fixed to the upper end surface 41 of the frame 4. The upper
opening of the frame 4 is thus closed by the front polarizing
plate 8.

In a conventional liquid crystal display device in which a
frame and a liquid crystal display panel are fixed with a
double sided tape (light-shielding type), light leakage may
occur from a portion that is not covered by the light-shielding
double sided tape, such as a portion outside the light-shield-
ing double sided tape (a portion outside a black mask) and a
gap between the frame and the liquid crystal display panel.

In this preferred embodiment, the front polarizing plate 8
closes the upper opening of the frame 4. A polarizing plate
allows only a portion of incident light, i.e., only light that
vibrates in a prescribed direction, to transmit therethrough. In
other words, the polarizing plate has a function to reduce the
quantity of incident light. The front polarizing plate 8 closing
the upper opening of the frame 4 thus reduces the quantity of
light entering from outside to the thin film driving circuit 9 of
the TFT substrate 6 and malfunction of the thin film driving
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circuit 16 can be prevented. Therefore, expensive light-
shielding tape and light-shielding sheet for shielding the thin
film driving circuit 16 from light are not necessary.

According to this preferred embodiment, the overhanging
portion 81 of the front polarizing plate 8 is fixed to the upper
end surface 41 of the frame 4. Therefore, a light-shielding
double sided tape is not required to fix the liquid crystal
display panel 10 to the light source 20 (a backlight). The
light-shielding double sided tape is a very expensive double
sided plate. Accordingly, by eliminating the need for the
light-shielding tape and the light-shielding double sided tape,
cost reduction can be achieved, such as cost reduction for
members and reduction in the number of steps.

The overhanging portion 81 of the front polarizing plate 8
is fixed directly to the upper end surface 41 of the frame 4.
Therefore, when a display surface of the liquid crystal display
panel 10 is subjected to an impact, the impact is dispersed to
the display surface and the frame 4, whereby damage to the
liquid crystal display panel 10 can be prevented.

In this preferred embodiment, a driving circuit formed on
the TFT substrate 6 is the thin film driving circuit 16. There-
fore, the thickness of the liquid crystal display panel 10 can be
reduced. Accordingly, the thickness ofthe frame 4 for accom-
modating the liquid crystal display panel 10 is reduced,
whereby a super thin liquid crystal module can be imple-
mented.

In this preferred embodiment, a part 91 of the FPC 9 is
interposed between a double sided tape 14 provided on the
bottom of the recess of the frame 4 and the overhanging
portion 81 of the front polarizing plate 8. Accordingly, even
when the FPC 9 is not handled very well, no stress is applied
directly to the thermocompression-bonded portion of the FPC
9 (the terminal portion of the TFT substrate 6). Therefore,
defective display resulting from separation of the FPC 9 is
less likely to occur. It should be noted that the double sided
tape 14 need not necessarily be provided.

The reflection sheet 1 provided on the back surface of the
light guide plate 2 has an overhanging portion 11 overhanging
from the periphery (four sides) of the light guide plate 2. In
other words, the reflection sheet 1is larger than the light guide
plate 2 and overhangs from the four sides of the light guide
plate 2. The overhanging portion 11 of the reflection sheet 1 is
fixed to a lower end surface 42 of the frame 4. The lower
opening of the frame 4 is thus covered by the reflection sheet
1. The overhanging portion 11 of the reflection sheet 1 and the
lower end surface 42 of the frame 4 can be bonded together
with adouble sided tape, glue, or the like. Instead of attaching
a double sided tape to the reflection sheet 1, a double sided
tape may be attached to a PET (polyethylene terephthalate)
tape that covers the reflection sheet 1 in order to fix the
reflection sheet 1.

In the liquid crystal display device of this preferred
embodiment, the upper opening of the frame 4 is closed by the
front polarizing plate 8 and the lower opening of the frame 4
is closed by the reflection sheet 1. The space between the
recess formed at the upper end surface 41 of one sidewall of
the frame 4 and the overhanging portion 81 of the front
polarizing plate 8 is closed by the part 91 of the FPC 9 and the
double sided tape 14. The inside of the liquid crystal display
device is thus sealed, whereby a path for dirt and dust to enter
from outside into the liquid crystal display device can be
eliminated. As a result, the possibility that dirt and dust enter
the inside during transit of a finished liquid crystal module
(liquid crystal display device) and during and after set assem-
bly can be reduced as close to zero as possible. Note that set
assembly means mounting a liquid crystal module to a cham-
ber of a cellular phone or the like.
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The process of bonding the front polarizing plate 8 to the
CF substrate 7 is not particularly limited. For example, the
liquid crystal display panel 10 having the FPC 9 thermocom-
pression-bonded to the TFT substrate 6 is first accommodated
in the frame 4 and the front polarizing plate 8 is then bonded
to the front surface of the CF substrate 7, the upper end
surface 41 of the frame 4, and the front surface of the part 91
of the FPC 9. Alternatively, the front polarizing plate 8 is first
bonded to the front surface of the CF substrate 7 of the liquid
crystal display panel (with the FCP thermocompression-
bonded thereto) 10 and the overhanging portion 81 of the
front polarizing plate 8 is protected by a laminate or the like.
When the liquid crystal display panel 10 is accommodated in
the frame 4, the laminate is removed and the overhanging
portion 81 is bonded to the upper end surface 41 of the frame
4. The process of bonding the reflection sheet 1 to the light
guide plate 2 is not particularly limited.

Although the present invention has been described with
reference to preferred embodiments thereof, the technical
scope of the present invention is not limited to the range
described in the above-described preferred embodiments. It
should be understood by those skilled in the art that the
above-described preferred embodiments are for illustration
only, that various modifications can be made to combinations
of the elements and the processing steps described in the
preferred embodiments, and that such modifications also fall
within the scope of the present invention.

For example, the front polarizing plate 8 closes the upper
opening of the frame 4 in the above preferred embodiments.
However, a phase difference plate interposed between the
front polarizing plate 8 and the CF substrate 7 may close the
upper opening of the frame 4. The light source 20 of the above
described preferred embodiments is an edge-light type back-
light having the LED 12 provided at the end surface of the
light guide plate 2. However, the light source 20 may be an
area-light type backlight having a multiplicity of LEDs or
cold cathode fluorescent lamps provided in a plane. The lig-
uid crystal display device of the above-described preferred
embodiments is an active matrix liquid crystal display device
using TFTs. However, the present invention is also applicable
to an active matrix liquid crystal display device using a two-
terminal element such as MIM (Metal Insulator Metal) as a
switch element and a passive (multiplex) addressing liquid
crystal display device. The present invention is applicable not
only to atransmissive-type liquid crystal display device but to
a transmissive-reflective type (transflective) liquid crystal
display device.

The liquid crystal display device of the present invention
can be used in a digital still camera, a cellular phone, a PDA
(Personal Digital Assistance), a liquid crystal television, a
notebook computer, a display of a personal computer, a dis-
play of a car navigation system, an amusement equipment
such as game and pachinko, and the like.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will beapparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, is to be
determined solely by the following claims.

What is claimed is:

1. A liquid crystal display device, comprising at least:

aliquid crystal display panel;

a light source provided on a back side of the liquid crystal
display panel,
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an input substrate connected to the first substrate arranged
to apply a signal from outside to the thin film driving
circuit; and

a frame accommodating the liquid crystal display panel

and the light source and having an upper opening and a
lower opening in an upper portion and a lower portion of
the frame, respectively; wherein

the liquid crystal display panel includes a first substrate

provided on a side of the light source, a second substrate
facing the first substrate, a liquid crystal layerinterposed
between the first substrate and the second substrate, a
thin film driving circuit disposed on the first substrate
and arranged to drive the liquid crystal layer, and an
optical function sheet provided on a front surface of the
second substrate and having an overhanging portion
overhanging from a periphery of the second substrate,
and the optical function sheet covers the upper opening
of the frame and the overhanging portion is fixed to an
upper end surface of the frame; and

a portion of the input substrate is interposed between the

upper end surface of the frame and the overhanging
portion of the optical function sheet.

2. A liquid crystal display device, comprising at least:

a liquid crystal display panel;

a light source provided on a back side of the liquid crystal

display panel,

an input substrate connected to the first substrate arranged

to apply a signal from outside to the thin film driving
circuit; and

a frame accommodating the liquid crystal display panel

and the light source and having an upper opening and a
lower opening in an upper portion and a lower portion of
the frame, respectively; wherein

the liquid crystal display panel includes a first substrate

provided on a side of the light source, a second substrate
facing the first substrate, a liquid crystal layerinterposed
between the first substrate and the second substrate, a
thin film driving circuit disposed on the first substrate
and arranged to drive the liquid crystal layer, and an
optical function sheet provided on a front surface of the
second substrate and having an overhanging portion
overhanging from a periphery of the second substrate,
and the optical function sheet covers the upper opening
of the frame and the overhanging portion is fixed to an
upper end surface of the frame;

the optical function sheet, together with the overhanging

portion, is a polarizer arranged to reduce an amount of
light that enters the liquid crystal display device through
the upper opening of the frame; and

a portion of the input substrate is interposed between the

upper end surface of the frame and the overhanging
portion of the optical function sheet.

3. The liquid crystal display device according to claim 1,
wherein the light source includes a light guide plate arranged
to emit light toward the liquid crystal display panel, and a
reflection sheet provided on a back surface of the light guide
plate and including an overhanging portion overhanging from
a periphery of the light guide plate, wherein the reflection
sheet covers the lower opening of the frame and the overhang-
ing portion of the reflection sheet is fixed to a lower outside
end surface of the frame such that the overhanging portion of
the reflection sheet contacts the lower outside end surface of
the frame.



THMBW(EF)

BRIETREE
US8134675 AT %) B
US11/915435 RiFH

RIRBE(ERFR)AGE) EEKRAL4

RF(EFR)AGE)

EEHMAau

HAHRBHEIRAE) EEHRAatt

FRI& B A

RHA

HAh A TF 30k
HAEREEEE

E)
—MEBE TR

KAWAGUCHI TAKAFUMI
YAMAMOTO TAKAHIRO

KAWAGUCHI, TAKAFUMI
YAMAMOTO, TAKAHIRO

GO02F1/1345 G02F1/1333 G02F1/1335
GO02F1/133308 G02F1/133608 G02F2001/133317
NGUYEN , ZE{&T.

2005150774 2005-05-24 JP

US20100265425A1

Espacenet USPTO

B EL0F MR TERNREBELSERER 9181

HNEMER , HEPRFETERNAER , F A2 EERN LHBAT
BEFLFAONTHO. REETARSEREELRE -—MHATFTE

#R , CFE4R ,

AT R RAEHSERY BRIEENTRIRE RBECFERNTRE §
L, #EENCFERMWEALEENRELS ., MRIFRESERNY L / l
O, AERERSEEIELN LRRE, 14 /

NFTFTERMCFERZBNARRE , ERETFTERL

patsnap

2012-03-13

2006-05-01

41

At L D D

ALY

422



https://share-analytics.zhihuiya.com/view/bc810de9-521c-4492-8d03-4a5b79806b48
https://worldwide.espacenet.com/patent/search/family/037451804/publication/US8134675B2?q=US8134675B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8134675.PN.&OS=PN/8134675&RS=PN/8134675

