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7) ABSTRACT

A transflective liquid crystal display (2) includes a transpar-
ent upper substrate (100), a lower substrate (200) opposite to
the upper substrate, a liquid crystal layer (300) sandwiched
between the two substrates, gate lines (170) and data lines
(180) defining pixel units arranged in a matrix, pixel elec-
trodes (210) and common electrodes (220) associated with
one of the substrates to each pixel unit of one of the
substrates, a transflective layer (250) formed at one side of
one of the substrates. The pixel electrodes and the common
electrodes have the same bent form, are disposed alternately,
and are substantially parallel to each other. When a voltage
is applied on the electrodes, an electric field in two direc-
tions is generated. Liquid crystal molecules of the liquid
crystal layer are oriented in two directions in accordance
with the electric field. Therefore, color shift is reduced.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
WITH BENT ELECTRODES

BACKGROUND
[0001] 1. Field of the Invention
[0002] The present invention relates to a liquid crystal

display, and particularly to a transflective type IPS LCD
(in-plane switching liquid crystal display).

[0003]

[0004] In a liquid crystal display, a pair of transparent
electrodes is respectively formed on each of two substrates,
and is used for driving a liquid crystal layer between the
substrates. In a typical such device, a displaying means
known as a TN (twisted nematic) display is adopted. That is,
the liquid crystal display operates by being supplied with an
electric field having a direction orthogonal to inner the
surfaces of the substrates.

[0005] However, the liquid crystal molecules adjacent to
the substrate cannot be oriented perpendicular to the sub-
strate when an electric field is applied. Further, the tilt angles
of the liquid crystal molecules tend to differ. When a user
observes the display from different directions, different
display performances are obtained. This is the reason why a
TN mode LCD is generally regarded as having a narrow
viewing angle. In order to obtain a wide viewing angle, the
IPS (in-plane switching) type LCD has been developed.

[0006] FIG. 9 is a schematic, side cross-sectional view of
part of a conventional transflective type IPS LCD. The LCD
1 includes an upper substrate 10, a lower substrate 11
opposite to the upper substrate 10, and a liquid crystal layer
30 sandwiched therebetween. The liquid crystal layer 30
comprises a plurality of liquid crystal molecules. An upper
alignment layer 40 is formed at an inner side of the upper
substrate 10. A transflective layer 50, an insulation layer 60
and a lower alignment 41 are formed in sequence at an inner
side of the lower substrate 11. Common electrodes 12 and
pixel electrodes 13 are formed between the transflective
layer 50 and the insulation layer 60. A pair of upper and
lower polarizers 20, 21 is formed at outer sides of the
substrates 10, 11, respectively.

[0007] The structure of the common electrodes 12 and the
pixel electrodes 13 is generally comb-shaped. When a
voltage is applied on the electrodes 12, 13, an electric field
substantially parallel to the upper substrate 10 is generated
by the electrodes 12, 13. The liquid crystal molecules are
oriented to have the same direction as that of the electric
field. The electrodes 12, 13 are made of a highly reflective
material to reflect light.

[0008] Unlike the conventional TN type display, the com-
mon electrodes 12 and the pixel electrodes 13 of the IPS type
LCD display are located on the same substrate, and an
electric field substantially parallel to the lower substrate 11
is generated when a voltage is applied. The liquid crystal
molecules are switched in a plane parallel to the lower
substrate 10. This improves the response speed of the liquid
crystal molecules, and provides a wide view angle for the
liquid crystal display.

[0009] However, the pixel electrodes and common elec-
trodes of the conventional IPS type LCD display are recti-
linear and oriented in a single direction only, which means

2. General Background
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that all the liquid crystal molecules are rotated to be oriented
in a single direction only. As a result, when an associated
display screen is obliquely viewed while displaying white,
the display screen exhibits color shift.

[0010] What is needed, therefore, is an LCD which
reduces color shift.

SUMMARY

[0011] One preferred embodiment provides a transflective
liquid crystal display, comprising a transparent upper sub-
strate, a lower substrate opposite to the upper substrate, a
liquid crystal layer sandwiched between the two substrates,
a plurality of gate lines and data lines defining pixel units
arranged in a matrix, a plurality of pixel electrodes and a
plurality of common electrodes associated with one of the
substrates at each pixel unit of said one of the substrates. The
pixel electrodes and the common electrodes have substan-
tially the same bent form, are disposed alternately, and are
substantially parallel to each other.

[0012] Because the pixel electrodes and common elec-
trodes are bent, when a voltage is applied on the electrodes,
an electric field in two directions is generated. Liquid crystal
molecules of the liquid crystal layer are oriented in two
directions in accordance with the electric field. Therefore,
any color shift observed by viewing the transflective liquid
crystal display from different directions is reduced, and a
better display performance is attained.

[0013] Other objects, advantages, and novel features will
become more apparent from the following detailed descrip-
tion when taken in conjunction with the accompanying
drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic, cross-sectional view of part
of a transflective liquid crystal display according to a first
preferred embodiment of the present invention;

[0015] FIG. 2 is a top plan view of a pixel region of the
transflective liquid crystal display of the first preferred
embodiment;

[0016] FIG. 3 is a schematic, cross-sectional view of part
of a transflective liquid crystal display according to a second
preferred embodiment of the present invention;

[0017] FIG. 4 is a top plan view of a pixel region of the
transflective liquid crystal display of the second preferred
embodiment;

[0018] FIG. 5 is a schematic, cross-sectional view of part
of a transflective liquid crystal display according to a third
preferred embodiment of the present invention;

[0019] FIG. 6 is a top plan view of a pixel region of the
transflective liquid crystal display of the third preferred
embodiment;

[0020] FIG. 7 is a schematic, inverted, cross-sectional
view of a transflective layer and a lower substrate of the
transflective liquid crystal display of the third preferred
embodiment;

[0021] FIG. 8 is a schematic, cross-sectional view of part
of a transflective liquid crystal display in accordance with a
fourth preferred embodiment of the present invention; and
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[0022] FIG. 9 is a schematic, cross-sectional view of part
of a conventional liquid crystal display.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Reference will now be made to the drawings to
describe the preferred embodiments in detail.

[0024] FIG. 1 is a schematic, cross-sectional view of part
of a transflective liquid crystal display according to a first
preferred embodiment. The transflective liquid crystal dis-
play 2 includes an upper substrate 100, and a lower substrate
200 opposite to the upper substrate 100. A liquid crystal
layer 300 is sandwiched between the substrates 100, 200. An
upper polarizer 160, a color filter 140 and an upper align-
ment film 130 are formed in sequence at an inner side of the
upper substrate 100. A lower polarizer 260, a transflective
layer 250 and a lower alignment 230 are formed in sequence
at an inner side of the lower substrate 200. A plurality of
pixel electrodes 210 and common electrodes 220 is formed
between the transflective layer 250 and the lower alignment
230.

[0025] The pixel electrodes 210 and the common elec-
trodes 220 are located on the transflective layer 250. The
transflective layer 250 includes a plurality of reflective
regions and transmission regions, and the structures and
sizes of the reflective regions and transmission regions are
variable according to the needs of any particular application.

[0026] Referring to FIG. 2, this is showing a top plane
view of a pixel region of the transflective liquid crystal
display 2. The transflective liquid crystal display 2 includes
a plurality of gate lines 170 and a plurality of data lines 180,
thereby defining a plurality of pixel regions formed at the
crossings of the data lines 180 and the gate lines 170. The
pixel electrodes 210 and the common electrodes 220 have
the same rectilinearly bent shape, and are arrayed alter-
nately. The pixel electrodes 210 and the common electrodes
220 are formed at a same level.

[0027] Because the pixel electrodes 210 and common
electrodes 220 are bent, when a voltage is applied on the
electrodes 210, 220, an electric field in two directions is
generated. Liquid crystal molecules of the liquid crystal
layer 300 are oriented in two directions in accordance with
the electric field. Therefore, any color shift observed by
viewing the transflective liquid crystal display 2 from dif-
ferent directions is reduced, and a better display perfor-
mance is attained.

[0028] Referring to FIG. 3, this is a schematic, cross-
sectional view of part of a transflective liquid crystal display
according to a second preferred embodiment. The transflec-
tive liquid crystal display 3 includes an upper substrate 101,
and a lower substrate 201 opposite to the upper substrate
101. A liquid crystal layer 301 is sandwiched between the
substrates 101, 201. An upper polarizer 161 and an upper
alignment film 131 are formed in sequence at an inner side
of the upper substrate 101. A plurality of pixel electrodes 111
and a plurality of common electrodes 121 are formed
between the upper polarizer 161 and the upper alignment
film 131. A transflective layer 251, a color filter 241 and a
lower alignment film 231 are formed in sequence at an inner
side of the lower substrate 201.

[0029] FIG. 4 is a top plane view of a pixel region of the
transflective liquid crystal display 3. The transflective liquid
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crystal display 3 includes a plurality of gate lines 171 and a
plurality of data lines 181, and thereby defines a plurality of
pixel regions between crossings of the data lines 181 and the
gate lines 171. The pixel electrodes 111 and common
electrodes 121 are wave-shaped, and arrayed alternately.
The pixel electrodes 111 and common electrodes 121 are
formed at a same level.

[0030] In contrast with the first embodiment, the pixel
electrodes 111 and common electrodes 121 are formed on
the upper substrate 101 and the color filter 241 is formed on
the lower substrate 201. Because the pixel and common
electrodes 111, 121 are wave-shaped with smooth bends,
disclination such as that which may occur at elbow portions
of the electrodes 210, 220 of the first embodiment can be
avioded.

[0031] FIG. 5 is a schematic, cross-sectional view of a
transflective liquid crystal display according to the third
preferred embodiment of the present invention. The trans-
flective liquid crystal display 4 includes an upper substrate
102, and a lower substrate 202 opposite to the upper
substrate 102. A liquid crystal layer 302 is sandwiched
between the substrates 102, 202. An upper polarizer 162, a
color filter 142 and an upper alignment film 132 are formed
in sequence at an inner side of the upper substrate 102. A
lower polarizer 262 and a lower alignment 232 are formed
in sequence at an inner side of the lower substrate 202. A
transflective layer 252 is formed at an outer side of the lower
substrate 202. A plurality of pixel electrodes 212 and a
plurality of common electrodes 222 are formed between the
lower polarizer 262 and the lower alignment 232.

[0032] FIG. 6 is a top plane view of a pixel region of the
transflective liquid crystal display 4. The transflective liquid
crystal display 4 includes a plurality of gate lines 172 and a
plurality of data lines 182, with a plurality of pixel regions
being defined between crossings of the data lines 182 and the
gate lines 172. The pixel electrodes 212 and common
electrodes 222 are wave-shaped, and arrayed alternately.
The data lines 182 are also wave-shaped, so that they are
parallel to the pixel and common electrodes 212, 222.

[0033] FIG. 7 shows a schematic, inverted, cross-sec-
tional view of the transflective layer 252 and the lower
substrate 202 of the liquid crystal display 4. The transflective
layer 252 comprises scveral layers of transflective films.
Each transflective films includes a plurality of protrusions
2521. However, the transflective films are parallel to each
other throughout.

[0034] Unlike in with the first and second embodiments,
the transflective layer 252 is formed at the outer side of its
lower substrate 202. Further, the data lines 182 are parallel
to the electrodes 212, 222, so that a nonfunctional area
within each pixel region is smaller than that of each of the
first and second embodiments. The protrusions 2521 of the
transflective layer 252 can reduce mirror reflection. Thus the
performance of the liquid crystal display 4 is improved.

[0035] FIG. 8 is a schematic, cross-sectional view of part
of a transflective liquid crystal display in accordance with
the fourth preferred embodiment. The liquid crystal display
5 includes an upper substrate 500, and a lower substrate 600
opposite to the upper substrate 500. A liquid crystal layer
700 is sandwiched between the substrates 500, 600. An
upper polarizer 560, a color filter 540 and an upper align-
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ment film 530 are formed in sequence at an inner side of the
upper substrate 500. A lower polarizer 660 and a lower
alignment 550 are formed in sequence at an inner side of the
lower substrate 600. A plurality of pixel electrodes 510 and
a plurality of common electrodes 520 are formed between
the lower polarizer 660 and the lower alignment film 550.
Each pixel electrodes 510 includes a transmission electrode
portion 5101 and a reflective electrode portion 5102. The
pixel electrodes 510 and common electrodes 520 are formed
at a same level. The pixel electrodes 510 and common
electrodes 520 may be shaped according to any of the shapes
of the pixel and common electrodes described above in
relation to the first through third embodiments.

[0036] Many modifications and variations are possible
within the ambit of the invention herein. For example, the
pixel electrodes and common electrodes may be formed at
different levels and/or on different layers respectively, with
an isolation layer interposed between the pixel electrodes
and common electrodes. Either of both polarizers may be an
E-type polarizer. The E-type polarizer is different from a
conventional O-type polarizer, because extraordinary waves
can pass through the E-type polarizer. Light-leakage is
reduced, and the width of the viewing angle of the liquid
crystal display is improved.

[0037] It is to be understood, however, that even though
numerous characteristics and advantages of the preferred
embodiments have been set out in the foregoing description,
together with details of the structure and function of the
embodiments, the disclosure is illustrative only, and changes
may be made in detail, especially in matters of shape, size,
and arrangement of parts within the principles of the inven-
tion to the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed.

What is claimed is:
1. A transflective liquid crystal display, comprising:

a transparent upper substrate;
a lower substrate opposite to the upper substrate;

a liquid crystal layer sandwiched between the two sub-
Strates;

a plurality of gate lines and data lines defining pixel units
arranged in a matrix;

a plurality of pixel electrodes and a plurality of common
electrodes associated with one of the substrates at each
pixel unit of said one of the substrates, wherein the
pixel electrodes and the common electrodes have sub-
stantially the same bent form, are disposed alternately,
and are substantially parallel to each other.

2. The transflective liquid crystal display as claimed in
claim 1, wherein the pixel electrodes and common elec-
trodes have a rectilinearly bent shape.

3. The transflective liquid crystal display as claimed in
claim 1, wherein the pixel electrodes and common elec-
trodes are wave-shaped.

4. The transflective liquid crystal display as claimed in
claim 1, further comprising a transflective layer formed at
one side of one of the substrates.
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5. The transflective liquid crystal display as claimed in
claim 4, wherein the transflective layer comprises protru-
sions.

6. The transflective liquid crystal display as claimed in
claim 4, wherein the transflective layer is at an outside of
said one of the substrates.

7. The transflective liquid crystal display as claimed in
claim 1, wherein each of the pixel electrodes includes a
transmission electrode portion and a reflective electrode
portion.

8. The transflective liquid crystal display as claimed in
claim 1, wherein a shape of the data lines is similar to that
of the pixel electrodes and common electrodes.

9. The transflective liquid crystal display as claimed in
claim 1, further comprising a polarizer located at the inner
side of one of the substrates.

10. The transflective liquid crystal display as claimed in
claim 9, wherein the polarizer is an E-type polarizer.

11. A transflective liquid crystal display, comprising:

a transparent upper substrate;
a lower substrate opposite to the upper substrate;
a liquid crystal layer disposed between the two substrates;

a plurality of gate lines and data lines defining pixel units
arranged in a matrix; and

pixel electrodes and common electrodes disposed parallel
to each other at one of the substrates, each of the pixel
electrodes and common electrodes being bent and
comprising a first section and a second section, the first
section being symmetrical to the second section.

12. The transflective liquid crystal display as claimed in
claim 11, wherein the pixel electrodes and the common
electrodes have a rectilinearly bent shape.

13. The transflective liquid crystal display as claimed in
claim 11, wherein the pixel electrodes and common elec-
trodes are wave-shaped.

14. The transflective liquid crystal display as claimed in
claim 11, further comprising a transflective layer formed at
one side of one of the substrates.

15. The transflective liquid crystal display as claimed in
claim 14, wherein the transflective layer comprises protru-
sions.

16. The transflective liquid crystal display as claimed in
claim 14, wherein the transflective layer is at an outside of
said one of the substrates.

17. The transflective liquid crystal display as claimed in
claim 11, wherein each of the pixel electrodes includes a
transmission electrode portion and a reflective electrode
portion.

18. The transflective liquid crystal display as claimed in
claim 11, wherein a shape of the data lines is similar to that
of the pixel electrodes and common electrodes.

19. The transflective liquid crystal display as claimed in
claim 1, wherein liquid crystals in the liquid crystal layer are
dimensioned differently.

20. The transflective liquid crystal display as claimed in
claim 19, wherein the crystals located in a middle area is
larger than those in a boundary area close to the substate.

I S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

S\ EREERE

BEGF)

BRRRETE (2) BEEHLER (100) , 5L EAREX M TER
(200) , REFNERZEHRSRE (300) , Hiks (170 ) MEE
% (180 ) FWLUEMHFIMBES T | 5— M ERMEXBHGEDR
(210) FIAEBR (220 ) ENF A ERWENMEELT | HRE— o
ANEARH - LBELERE (250 ) EMGESBAL L SREFHRN
TR, RBEE  AFEER RN T, YESRE EEMBE ®
EERASELNES ., REENRES FRIEBHEFN LB LW ©
H. Eit, BT e,

EREHERMNERKRE TR

US20050243251A1 K (AE)B
US11/120426 FER
Ol BB BRA T

Bol e BiROBERAT.

ol

YANG CHIU LIEN
PANG JIA PANG
CHEN CHUEH JU

YANG, CHIU-LIEN
PANG, JIA-PANG
CHEN, CHUEH-JU

GO02F1/1335 G02F1/1343

GO02F1/134363 G02F1/133555

093112187 2004-04-30 TW

Espacenet

USPTO

2005-11-03

2005-05-02

patsnap

L— 100
1-160
(L LEL L LLLLLELLELLLLL LY 140
NN NSNS NSNINSNSNSNASNSNSASNANSAINS AN
7 (i//‘/// VIS eI AS A "‘_130
300
230
RN \FX= NN T
\l—l\\\\\\\ +/\\\‘\\\l —,l& 250
L L 4 Z VAV A AeAV 7 7 VAV A &Vid
A A A N N A A A e e N N A N AR A S NESEESEES —~ __860
~1—200

220

210

220


https://share-analytics.zhihuiya.com/view/44305a64-f518-49fa-9809-39fb10dc1241
https://worldwide.espacenet.com/patent/search/family/035186684/publication/US2005243251A1?q=US2005243251A1
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=%2220050243251%22.PGNR.&OS=DN/20050243251&RS=DN/20050243251

