US20090147194A1

asy United States
a2 Patent Application Publication (o) Pub. No.: US 2009/0147194 A1
Shibazaki (43) Pub. Date: Jun. 11, 2009
(54) LIQUID CRYSTAL DISPLAY DEVICE Publication Classification
75) Tnventor: Minoru Shibazaki, Tokyo (JP (1) Int. Cl.
(75) Inventor: inoru Shibazaki, Tokyo (JP) GOOF 113363 (2006.01)
E;geépﬁffme Address: (52) US.ClLe oo 349/119
444 S. FLOWER STREET, SUITE 1750
LOS ANGELES, CA 90071 (US) 7) ABSTRACT
A liquid crystal display device of a simplified structure and a
. . o qudcry play p
(73)  Assignee: TPO Hong Kong Holding Limited  yidened viewing angle are provided. The liquid crystal dis-
) play device having a stacked structure with its component
(21) Appl. No: 11/921,805 plates and layers laid one over another in the following top-
- down order, comprises a first polarizing plate of o in optic-
(22) PCT Filed: Jun. 8, 2006 axial angle, a first A/2 retardation plate of § in the optic-axial
(86) PCT No.: PCT/IP2006/311512 angle, a first /4 retardation plate of y in the optic-axial angle,
N a liquid crystal layer located as an interlayer between two of
§371 (©)(1) substrates and having its opposite major surfaces oriented in
), (4) Daté: Dec. 7, 2007 vertical directions, a second A/4 retardation plate disposed in
’ phase or in parallel with the first A/4 retardation plate (i.e., the
(30) Foreign Application Priority Data optic-axial angle of'y), a second A/2 retardation plate of (2y-
() in the optic-axial angle, and a second polarizing plate of
Jun. 10,2005 (IP) e, 2005-171542  (m/2—o42y) in the optic-axial angle.
T~
A/2 12
A/4 +—13
~—14a

S
Y T —
St Y
S et
Y Y —
S —
L —
oo
,é

i
£
o

A4

A/2

1

—~——16

17




Patent Application Publication  Jun. 11, 2009 Sheet 1 of 6 US 2009/0147194 A1

-~—11
AS2 +~—12
A/4 “~—13

-~—14a

> <
OO
OO
TOTOTS
TTOTOHT™>
TS
OO

A/4 T~—-15

AS2 +~——16
A~—17

FIG. 1



Patent Application Publication  Jun. 11, 2009 Sheet 2 of 6 US 2009/0147194 A1

LIQUID CRYSTAL

LAYER 118nm

T Odeg
e+ 5 ]

—~—15

FIG. 2



Patent Application Publication  Jun. 11, 2009 Sheet 3 of 6 US 2009/0147194 A1

-----------

e ol e e e

el T A L

LIQUID CRYSTAL
LAYER 118nm
Odesg
-< ’: o - =

fr o o v ]

FIG. 3



US 2009/0147194 A1

Jun. 11, 2009 Sheet 4 of 6

Patent Application Publication

271-24 (P)

09€ 022 08l 06 %,
J...-F.T...-u...w..u.-..-.r..u-...u oL m
....... t.a------.".-----&::-:: 0z 3
....... T 0f &
....... 4:::.“.----%::----. ov
oS enaoE 8 &
=% 602> wiaber T 09 2
....... .W:----:m:----lm----::w. 08
B " i 108
POS=8 oot

171-24 (Q)

09 0/J2 091 05 0

[] v, b L") o
...“.Pnnunm.u.:.oups._r:%.rug._.__nsn!.ﬁ- £01 m
N eyt 0e S
v denao o @
| \mO _. > 33 wonnow " F 07
DD Sy et B 05 =
SEVURNEY SNSNINK S ——
uuuuuuu 0L g
i 3
LG T R S 06
POSEE coL

v "Old

LI-14 (9)

pge 0z o8t 08 O

r-.||||.¢._PO||||¢.P.01|..|...-+1..||-A
..!.L..!.....||-.r||.1|| !.n....nn.?.:i
........ S T O N 1
“ ; “
........ R S Hatmut Bttt 4
........ b e e 1
T m\O ¢> MY WAWIXYW """
|||||||||||||| i Sttt 3
— lm. |||||| - ———- +
1 ]
(¥5p09= 1" T )

o
o1
0z

0s

TRANSMISSIVITY

Z21-14 (&)

O9E 0.2 .om L 05 -0

Isﬂ I*ll‘

.o LI..l:.nOh.nuﬂp |.Mu|| Mu.!.o-.

e o e e . g o e e e e g ]
] [ ] [}

'SUVEVEV SRS S VNV ISR

THreepreey

—_— Wv3g 1HOM 30
wm oiL> AYTT WAWIXYIW ™~ 3

N ]
- + ||OIL.I lllllll -
1 ]

........ R M

lllllillrlllllll.ll||.|.|.-LlllrIIIJI

-----}-----...--!:,_:---:+

[ Bap09=¢ 1

398K8S°
TRANSMISSIVITY

0s

: 09

173
08
06
001




Patent Application Publication

Jun. 11, 2009 Sheet 5 of 6

—~15~17

D

OO
O OO
O OO
O OO O
- >
O OO
O OO O
OO
OO

OO O

D

O3
OO
OO
OO
OO
OO
OO
OO
OO

OO
OO

18—

US 2009/0147194 A1

FIG. 5



Patent Application Publication  Jun. 11, 2009 Sheet 6 of 6 US 2009/0147194 A1

TITTIIIl
00000000k
00000000]

FIG. 6



US 2009/0147194 A1l

LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of Invention

[0002] The present invention relates to a liquid crystal dis-
play device, and more particularly, it relates to a liquid crystal
display device with a wide viewing angle.

[0003] 2. Related Art

[0004] Theliquid crystal display device adjusts liquid crys-
tal orientations to control a transmission of light beam, and
this disturbs the device from providing a sufficient range of a
viewing angle to obtain a satisfactory display.

[0005] For example, Patent Document 1 listed below dis-
closes a mode suitable to obtain a sufficient viewing angle. In
this mode, called “Vertical Alignment (VA)” mode, mol-
ecules of liquid crystal align themselves to make vertical
chains without applying voltage, and they align in horizontal
chains when voltage is applied. The cited document teaches
that a varied direction of observing alters a retardation (opti-
cal length) to equally vary a resultantly displayed image
depending upon a visual direction of the viewer. When depen-
dency of the retardation upon the viewing angle increases,
allowable viewing angle concomitant with a deteriorated vis-
ibility of a display panel is accordingly degraded.

[0006] In order to overcome the aforementioned issue of
interest on the allowable viewing angle, Patent Document 1
proposes a stacked structure. In the stacked structure, some
optical components such as polarizing plates and wavelength
plates underlie and overlie a liquid crystal layer. Specifically,
in the cited document, a transmissive liquid crystal display
device is described in conjunction with a schematic sectional
view of FIG. 6. FIG. 6 depicts an exemplary stacked arrange-
ment with a polarizing plate (on the observer side) 1, a 2/2
retardation plate 2, a A/4 retardation plate 3, a liquid crystal
layer 4, a \/4 retardation plate 5, a A/2 retardation plate 6, and
a polarizing plate (on the backlight side) 7. The liquid crystal
layer 4 has orientating layers 4a and 45 on its opposed major
surfaces. The polarizing plate 7 is laid one over another in the
top-down order. In such an arrangement, two of the A/2 retar-
dation plates, being vertically symmetrical about the liquid
crystal layer, have respective retardation axes which are
shifted 90 degrees from each other and out of phase. Another
pair of the A/4 retardation plates are disposed similarly.

List of the Cited Documents

[0007] Patent Document 1: Japanese Patent Preliminary
Publication No. 2002-350853.

[0008] In this configuration of the aforementioned manner,
the retardation plates of the same wavelength respectively
have retardation axes, which are shifted and orthogonal to
each other. Thus, the contrast of the display is good when
viewing from a face-up position right in front of the display
panel. When viewing slightly apart from this frontal face-up
position results in a viewing angle to the display plane, how-
ever, the display is varied in phase, and the allowable viewing
angle is not so good.

[0009] In a case of widely applying the liquid crystal dis-
play device to a mobile phone, especially in Europe, black
color is popular for the background of the display. In order to
blacken the black background more, as shown in FIG. 6,
compensating films 8 and 9 should be provided between the
liquid crystal layer 4 and the retardation plates 3, 5. Because
ofthe requirement of the compensating films, both the manu-
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facturing cost and the manufacturing steps are increased, and
each of the manufacturing steps becomes more time consum-
ing.

[0010] The compensating films, when merely added to the
aforementioned display configuration, may often fail to suf-
ficiently blacken the background viewed at a certain oblique
angle to the display plane.

SUMMARY OF THE INVENTION

[0011] The present invention is made to overcome these
disadvantages, and accordingly, it is an object of the present
invention to provide a liquid crystal display device of a sim-
plified structure and a widened viewing angle.

[0012] According to the present invention, a liquid crystal
display device has a stacked structure with its component
plates and layers laid one over another in the following top-
down order. The liquid crystal display device comprises a first
polarizing plate of « in optic-axial angle, a first A/2 retarda-
tion plate of f} in the optic-axial angle, a first A/4 retardation
plate of v in the optic-axial angle, a liquid crystal layer, a
second A/4 retardation plate, a second A/2 retardation plate of
(2y-p) in the optic-axial angle, and a second polarizing plate
of (m/2-a+2y) in the optic-axial angle. The liquid crystal
layer is located as an interlayer between two of substrates and
has opposite major surfaces oriented in vertical directions.
The second A/4 retardation plate is disposed in phase or in
parallel with the first A/4 retardation plate (i.e., the optic-axial
angle of v).

[0013] A liquid crystal display device according to the
present invention includes two polarizing plates, two A2
retardation plates and two A/4 retardation plates. The plates of
each pair have respective retardation axes shifted in unique
angular relations. Hspecially, the two A/4 retardation plates
are disposed in parallel and in phase with each other to reduce
a brightness variation for widening a range of a viewing
angle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will become more fully understood
from the detailed description given herein below illustration
only, and thus is not limitative of the present invention, and
wherein:

[0015] FIG. 1 is a schematic vertical sectional view show-
ing a stacked structure of an exemplary liquid crystal device
according to the present invention;

[0016] FIG.2isaperspective view illustrating details of the
stacked structure of a first embodiment of the present inven-
tion;

[0017] FIG. 3isa perspective view illustrating details of the
stacked structure of a second embodiment of the present
invention;

[0018] FIG. 4 is a graph showing effects of the first and
second embodiments in comparison with those of a sample
embodiment;

[0019] FIG. 5 is a schematic vertical sectional view outlin-
ing a structure of another embodiment of the liquid crystal
display device according to the present invention; and
[0020] FIG. 6 is a schematic vertical sectional view outlin-
ing a stacked structure of a conventional liquid crystal display
device.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention will be apparent from the
following detailed description, which proceeds with refer-
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ence to the accompanying drawings, wherein the same refer-
ences relate to the same elements.

[0022] Referring to the accompanying drawings, embodi-
ments of the present invention will now be described in detail.
[0023] FIG. 1 is a sectional view showing a stacked struc-
ture of an embodiment of a liquid crystal device according to
the present invention, and especially hereinafter, a transmis-
sive liquid crystal display device of the same type as in the
above-mentioned prior art embodiment will be exemplified.

[0024] As can be seen in FIG. 1, similar to the above-
mentioned prior art embodiment, the liquid crystal device
according to the present invention has a stacked structure with
afirst polarizing plate 11, a first /2 retardation plate 12, a first
M4 retardation plate 13, aliquid crystal layer 14, a second 2./4
retardation plate 15, a second A/2 retardation plate 16, and a
second polarizing plate 17. The liquid crystal layer 14 has
orientating layers 14a and 145 on its opposite major surfaces.
The second polarizing plate 17 is laid one over another in the
top-down order.

[0025] Such a stacked structure will be detailed with refer-
ence to F1G. 2. In FIG. 2, retardation axes of the component
layers are shifted from one another, and optic-axial angles are
set forth.

[0026] First, the polarizing plate 11 is positioned and has a
retardation axis shifted a=73° out of phase from the horizon-
tal reference axis. Then, the A/2 retardation plate 12 provides
a retardation of 236 nm, and has a retardation axis shifted
B=57° out of phase. Further, the A/4 retardation plate 13
provides the retardation of 118 nm, and has a retardation axis
fixed in phase or in parallel with the horizontal reference axis
(i.e., both the axes meet at the angle of y=0°). These plates all
assume a dextrorotatory circular polarization pattern referred
1o as “R1” pattern hereinafter.

[0027] A stacked structure laid under the liquid crystal
layer is similar to that laid above it, but they have several
distinguishing features. For instance, the underlying stacked
structure includes a second A/4 retardation plate 15, a second
\/2 retardation plate 16 and a second polarization plate 17.
The second 2/4 retardation plate 15 provides the retardation
of 118 nm and has a retardation axis positioned in phase or in
parallel with the horizontal reference axis (i.e., at the angle
zero). The second A/2 retardation plate 16 is laid under the
plate 15 and provides the retardation of 236 nm, and the
second M2 retardation plate 16 also has a retardation axis
shifted -57° out of phase from the reference axis and the
retardation axis is reverse to the shift direction of the first 2./2
retardation plate 12. The second polarization plate 17 is laid
further under 17° out of phase from the horizontal reference
axis. These plates all assume a laevorotatory circular polar-
ization and are classified in a group referred to as “L.2” pattern
since the retardation angle of the A/2 retardation plate to its
counterpart in R1 is in a conjugate relation.

[0028] Now the detailed explanation of the retardation
plates is given. They are fabricated by pulling film of poly-
carbonate resin or Norbornene (a micaceous substance) in a
specific direction(s) to a predetermined thickness such as 43
micrometers.

[0029] Inthisembodiment, two of the A/4 retardation plates
are in phase without angular difference between their respec-
tive retardation axes, and no compensating films are provided
unlike the conventional case. In addition, two of the A/2
retardation plates are conjugate to each other, and the sum of
the angles of the retardation axes of two of the polarizing
plates can be expressed as 7/2 (i.e., 90°).
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[0030] Besides, in this embodiment, the optic-axial angle y
of the first A/4 retardation plate 13 is zero. If in the case of this
angle vy is other than zero, the optic-axial angles of the com-
ponent plates to the reference axis can be generalized as
follows: the retardation axis of the second A/4 retardation
plate 15 is shifted from the reference axis by the angle y, the
one of the second A/2 retardation plate 16 is shifted by the
angle 2y-f, and the one of the second polarization plate 17 is
shifted by the angle m/2-0+2.

[0031] Referring now to FIG. 3, a second embodiment of
the liquid crystal display device according to the present
invention is depicted in a stacked structure similar to that in
FIG. 2.

[0032] A first polarizing plate 21 is positioned and has a
retardation axis shifted a=17° of phase from the horizontal
reference axis. Thus, the optic-axial angle of a second polar-
ization plate 27 opposite to the first polarizing plate 21 is 73°
(i-e., 90°-17°).

[0033] A A2 retardation plate 22 provides the retardation of
236 nm, and has a retardation axis f=-57° out of phase from
the reference axis. A A/4 retardation plate 23 laid over it
provides the retardation of 118 nm, and has a retardation axis
in phase or in parallel with the horizontal reference axis (i.e.,
v=0). Although these plates all assume the dextrorotatory
circular polarization pattern, some are shifted by varied
angles from those given in the first embodiment, and the
unique circular polarization pattern is referred to as “R2”
pattern.

[0034] In addition to the stacked structure laid above a
liquid crystal layer 24, another stacked structure similar to the
overlying one is laid under the liquid crystal layer, and both
the stacked structures are distinguished in some points. Spe-
cifically, the underlying stacked structure includes a second
1/4 retardation plate 25, a second A/2 retardation plate 26 and
a second polarization plate 27. The second A/4 retardation
plate 25 provides the retardation of 118 nm and has a retar-
dation axis fixed in phase or in parallel with the horizontal
reference axis (i.e., at the angle zero). The second A/2 retar-
dation plate 26 is 1aid under the plate 25, and has a retardation
axis shifted 57° out of phase from the horizontal reference
axis, and it provides the retardation of 236 nm. The second
polarization plate 27 is laid further under 73° out of phase
from the horizontal reference axis as mentioned above. These
plates all assume a laevorotatory circular polarization and are
also classified in a group referred to as “L2” pattern since the
retardation angle of the A/2 retardation plate to its counterpart
in R1 is in a conjugate relation.

[0035] Inthisembodiment, two of the\/4 retardation plates
are in phase without angular difference between their respec-
tive retardation axes, and no compensating films are provided
unlike the conventional case. In addition, two of the A/2
retardation plates are conjugate to each other, and the sum of
the optic-axial angles of two of the polarizing plates can be
expressed as /2 (i.e., 90°).

[0036] In either the combination of R1 and L1, or R2 and
L2, both the pairs of the polarization plates and the A/2 retar-
dation plates are conjugate to each other.

[0037] The relations of one of the pairs of plates to its
counterpart can be similarly obtained as in the first embodi-
ment in terms of the generalized optic-axial angles.

[0038] Although the optic-axial angles y of the A/4 retarda-
tion plates to the reference axis is 0° in the above-stated
embodiment, this is because such settings are suitable to a
longitudinally elongated screen used in a mobile phone and
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other electronic devices. Thus, in the case of applying to a
laterally elongated screen, it is desirable to have the angle y of
90°.

[0039] FIG. 4 is a graph showing effects of the first and
second embodiments, and especially depicting a varied black
luminance under the conditions of 60° fixed viewing angle
and 360° cycling azimuthal angle.

[0040] The graph in FIG. 4(a) relates to a combination
structure of R1 and [.2 in the first embodiment, and the graph
in FIG. 4(b) relates to a combination structure of R2 and L1 in
the second embodiment. The maximum leak ratio of light
beam does not exceed 10%. The combined components in the
structure may be completely swapped over in position to
attain the same results.

[0041] The graph in FIG. 4(c) relates 1o a combination
structure of R1 and L1, and FIG. 4(d) relates to a combination
structure of R2 and L.2. These graphs are shown as samples
for comparing with one another. In these sample structures,
the retardation plate in one of the patterns is conjugate to its
counterpart in the other pattern, and hence, their arrangement
is the same as in the conventional case described in conjunc-
tion with FIG. 1.

[0042] From the graphs in FIGS. 4(c) and 4(d), it was found
that the maximum leak of light beam reaches as high as 20%,
and hence, the application of the present invention reduces the
dependency of the display performance on the viewing angle.
[0043] Consequently, the compensation films are no longer
required, and a liquid crystal display device, having a satis-
factory allowable viewing angle, is obtained by the stacked
structure simply with the conventional retardation plates (re-
tardation films).

[0044] FIG. 5 is a schematic sectional view showing
another embodiment of the liquid crystal display device
according to the present invention. A transmissive portion and
areflective portion are disposed within the same liquid crystal
display device. In the liquid crystal display device set forth
herein, a predetermined thickness of the reflective portion in
the liquid crystal layer may be about a half the thickness of the
transmissive portion because a reflection film 18 is provided
in the corresponding position.
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[0045] In this embodiment, the aforementioned structures
detailed with reference to FIGS. 2 and 3 can be applied
especially to the transmissive portion so as to obtain the liquid
crystal display device of the reduced dependency on the view-
ing angle.

[0046] Although the invention has been described with ref-
erence to specific embodiments, this description is not meant
to be construed in a limiting sense. Various modifications of
the disclosed embodiments, as well as alternative embodi-
ments, will be apparent to persons skilled in the art. It s,
therefore, contemplated that the appended claims will cover
all modifications that fall within the true scope of the inven-
tion.

What is claimed is:

1. A liquid crystal display device that has a stacked struc-
ture with its component plates and layers laid one over
another in the following top-down order, comprising a first
polarizing plate of ¢ in optic-axial angle, a first A/2 retarda-
tion plate of f} in the optic-axial angle, a first A/4 retardation
plate of y in the optic-axial angle, a liquid crystal layer located
as an interlayer between two of substrates and having its
opposite major surfaces oriented in vertical directions, a sec-
ond A/4 retardation plate disposed in phase or in parallel with
the first A/4 retardation plate (i.e., the optic-axial angle of'y),
a second A/2 retardation plate of (2y-p) in the optic-axial
angle, and a second polarizing plate of (n/2—-0+2y) in the
optic-axial angle.

2. The liquid crystal display device according to claim 1,
wherein a retardation of each of the A/2 retardation plates is
twice as great as the retardation of each of the A/4 retardation
plates.

3. The liquid crystal display device according to claim 1,
wherein the optic-axial angley is 0 degree in an application to
a longitudinally elongated screen.

4. The liquid crystal display device according to claim 1,
wherein the optic-axial angle [ is 57£5 degrees.

5. The liquid crystal display device according to claim 1
wherein the liquid crystal layer comprises a reflective portion
of a predetermined thickness, and a transparent potion of
twice the predetermined thickness.

ko sk ok %k



patsnap

TREMOF) BRETREKE
[F(2E)F US20090147194A1 [ (r&)B 2009-06-11
RiES US11/921805 B H 2006-06-08

RRB(ERFR)AGE) SKEEBEZRERLA
RF(EFR)AGE) TPOEBZRERLE

HERBEANAE) TPOREBERERLA

[FRIRBAA SHIBAZAKI MINORU

RHEA SHIBAZAKI, MINORU

IPCH %S GO02F1/13363

CPCH¥S G02F1/133528 G02F1/13363 G02F1/1393 G02F2413/08 G02F2001/133638 G02F2202/40 G02F2413

/04 GO2F2001/133531

R 2005171542 2005-06-10 JP
Hfth 23 FF 32k US8023081

SNEBEEHE Espacenet  USPTO
BEOF)

o ., . T~—143
BE—HENEL NANEN RS RES, SALBLENNESS

TRE , HAGRANEUTE LM THIRFHEERE  SHaEBERN
F—RiEIR , BINE—N ZERBAMAE , EXHAEPHNE—N 448
IR , N TFRANERBAHFRRNRERE , HAXNNEREEE
ERELEERE , BN A5E N AERRABAHFITRENIEER
(BD, X% - ARy ) , EXHAEENEZN 2HERR (2v-) , FZE
ZRIRAE (T 2-0+2y ) EABBE.

OO
L L e L —
OO
S— ] > | -
TOTOTS
OO

~—-14b



https://share-analytics.zhihuiya.com/view/4c949bd8-150a-4a47-ab38-30e9004041e8
https://worldwide.espacenet.com/patent/search/family/037498512/publication/US2009147194A1?q=US2009147194A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090147194%22.PGNR.&OS=DN/20090147194&RS=DN/20090147194

