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(7 ABSTRACT

A reflective type IPS LCD includes a transparent upper
substrate (100) and a lower substrate (200), and liquid
crystal molecules (300) interposed between the substrates. A
reflection layer (250) is disposed on the lower substrate. A
plurality of gate lines (170) and a plurality of data lines (180)
are formed on the upper substrate, thereby defining a plu-
rality of pixel regions arranged in a matrix. Each pixel
region includes pixel electrodes (210) and common elec-
trodes (220). The pixel electrodes and the common elec-
trodes have a bent configuration, and are spaced apart from
each other. Therefore the electric field generated by them is
along two directions, and the LCD exhibits a two-domain
display effect. When viewing the LCD display from any
oblique angle, the color shifts generated by the two domains
counteract, and thus the overall color shift of the display is
small.
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REFLECTIVE TYPE CONTINUOUS DOMAIN
IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a reflective type
IPS (in-plane switching) mode LCD (liquid crystal display),
and the control of liquid crystal molecules therein.

[0003]

[0004] A liquid crystal display utilizes the optical and
electrical anisotropy of liquid crystal molecules thereof in
order to produce an image. The liquid crystal molecules
have a particular passive orientation when no voltage is
applied thereto. However, in a driven state, the liquid crystal
molecules change their orientation according to the strength
and direction of the driving electric field. A polarization state
of incident light changes when the light transmits through
the liquid crystal molecules, due to the optical anisotropy of
the liquid crystal molecules. The extent of the change
depends on the orientation of the liquid crystal molecules.
Thus, by properly controlling the driving electric field, an
orientation of the liquid crystal molecules is changed and a
desired image can be produced.

[0005] The TN (twisted nematic) mode LCD was the first
main type of LCD developed. Even though TN mode LCDs
have been put into use in many applications, they have an
inherent drawback that cannot be eliminated; namely, a very
narrow viewing angle. By adding compensation films on TN
mode LCDs, this problem can be ameliorated to some
extent. However, the cost of the TN mode LCD is increased.
Therefore, a totally different driving means called IPS
(in-plane switching) was proposed as early as in 1974. Then
in 1993, Hitachi Corporation filed its first US patent appli-
cation concerning IPS, in which an IPS mode LCD was
disclosed.

[0006] A conventional IPS mode LCD has an upper sub-
strate, a lower substrate, and a liquid crystal layer interposed
therebetween. The liquid crystal layer has a plurality of
liquid crystal molecules which have a same orientation when
not driven, this orientation being parallel to the substrates.
Pixel electrodes and common electrodes are disposed on the
lower substrate. When a voltage is applied to the electrodes,
an electric field is generated between the electrodes. The
electric field drives the liquid crystal molecules to rotate in
a plane parallel to the substrates. This rotation results in a
change in light transmission. In other words, the operation of
the IPS mode LCD is such that the liquid crystal molecules
rotate in a plane parallel with the substrates in order to fulfill
optical switching. The TIPS LCD has the important advantage
of a wide viewing angle. In basic IPS mode LCDs, the pixel
electrodes and common electrodes are each comb-shaped.
The electric field of these LCDs in a driven state is along a
certain direction. Thus these LCDs are referred to as single
domain [PS LCDs. When the displayed image is viewed at
different oblique angles, a viewer may notice a quite large
color shift. When this single domain IPS technology is
applied in a reflective type liquid crystal display, color shift
is likewise a problem.

[0007] Referring to FIG. 8 and FIG. 9, these are sche-
matic plan representations of a conventional reflective type

2. Description of Prior Art
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IPS liquid crystal display disclosed in U.S. Pat. No. 6,577,
368 issued on Jun. 10, 2003. The liquid crystal display
comprises an upper substrate (not shown), a lower substrate
80, and liquid crystal molecules (not shown) interposed
between the substrates. A plurality of gate lines 10 and data
lines 70 are formed on the lower substrate 80, for transmit-
ting a gate signal and a data signal respectively. TFTs (thin
film transistors) are positioned at the intersections of the gate
lines 10 and data lines 70. Each TFT comprises a gate
electrode 11, a source electrode 71, and a drain electrode 72.
Pixel electrodes 75 and common electrodes 20 are formed
on the lower substrate 80, for generating a driving electric
field. A lower alignment film 4 is disposed at the lower
substrate 80, to control the alignment of the liquid crystal
molecules.

[0008] Each pixel electrode 75 and common electrode 20
is comb-shaped. Therefore when a voltage is applied to the
pixel and common electrodes 75, 20, a parallel electric field
mainly along a single direction is generated. The pixel
electrodes 75 and common electrodes 20 are made of an
opaque material having high reflectance.

[0009] When the voltage is applied, the liquid crystal
display is said to be in a driven state. The liquid crystal
molecules have the same orientation due to the electric field.
When the LCD display is viewed from an oblique angle, a
color shift is seen. That is, the viewer sees a yellowish or a
bluish image.

[0010] Tt is desired to provide a multi-domain reflective
type IPS liquid crystal display which overcomes the above-
described deficiencies.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
multi-domain reflective type IPS liquid crystal display
which has a relatively small color shift.

[0012] A preferred kind of reflective type IPS liquid
crystal display of the present invention comprises a trans-
parent upper substrate and a lower substrate, and liquid
crystal molecules interposed between the substrates. A
reflection layer is disposed on the lower substrate. A plural-
ity of gate lines and a plurality of data lines are formed on
one of the substrates, thereby defining a plurality of pixel
regions arranged in a matrix. Each pixel region comprises a
plurality of pixel electrodes and a plurality of common
electrodes. The pixel electrodes and the common electrodes
have a bent configuration, and are uniformly spaced apart
from each other.

[0013] Because the pixel and common electrodes have the
bent configuration, the electric field generated by them is
along various different directions in a pixel region. The pixel
region forms multi-domains. Therefore the color shift of
each pixel region at oblique viewing angles is counteracted
and the whole liquid crystal display has a small color shift.

[0014] Other objects, advantages, and novel features of the
present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic, side cross-sectional view of
part of a reflective type IPS LCD according to a first
embodiment of the present invention;
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[0016] FIG. 2 is a schematic, top clevation of parts of a
pixel region of the reflective type IPS LCD of FIG. 1,
showing a configuration of pixel electrodes and common
electrodes;

[0017] FIG. 3 is a schematic, side cross-sectional view of
part of a reflective type IPS LCD according to a second
embodiment of the present invention;

[0018] FIG. 4 is a schematic, top clevation of parts of a
pixel region of the reflective type IPS LCD of FIG. 3,
showing a configuration of pixel electrodes and common
electrodes;

[0019] FIG. 5 is a schematic, side cross-sectional view of
part of a reflective type IPS LCD according to a third
embodiment of the present invention;

[0020] FIG. 6 is a schematic, top elevation of parts of a
pixel region of the reflective type IPS LCD of FIG. 5,
showing a configuration of pixel electrodes and common
electrodes;

[0021] FIG. 7 is a schematic, inverted, side cross-sec-
tional view of a reflection layer and a lower substrate of the
reflective type IPS LCD of FIG. §;

[0022] FIG. 8 is a schematic, top elevation of a pixel
region of a conventional IPS LCD; and

[0023] FIG. 9 is a schematic, cross-sectional view taken
along line of IX-IX of FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] Referring to FIG. 1 and FIG. 2, these are respec-
tively a side cross-sectional view of a first reflective type
in-plane switching liquid crystal display (IPS LCD) and a
plan view of a pixel region of the IPS LCD. This IPS LCD
according to the first embodiment of the present invention
comprises a transparent upper substrate 100, a lower sub-
strate 200, and positive liquid crystal molecules 300 inter-
posed between the upper and lower substrates 100, 200. An
upper polarizer 160 is disposed on the outer side of the upper
substrate 100, a color filter 140 is disposed on an underside
of the upper substrate 100, an upper alignment film 130 is
disposed on an underside of the color filter 140. A reflection
layer 250 is formed on the lower substrate 200. A plurality
of gate lines 170 and data lines 180 are disposed on the lower
substrate 200, and define a plurality of pixel regions
arranged in a matrix. Each pixel region comprises a plurality
of pixel electrodes 210 and a plurality of common electrodes
220. The pixel electrodes 210 and the common electrodes
220 have a similar zigzagged configuration, and are uni-
formly spaced apart from each other. A lower alignment film
230 is disposed on the reflection layer 250 and the electrodes
210, 220.

[0025] When a voltage is applied, because the pixel and
common electrodes 210, 220 have zigzagged configurations,
the electric field (not shown) generated is mainly along two
directions, and the IPS LCD exhibits a two-domain display
effect. When viewing the IPS LCD display from any oblique
angle, the color shifts generated by the two domains coun-
teract each other, and thus the overall color shift of the
display is small.

[0026] Referring to FIG. 3 and FIG. 4, a reflective type
in-plane switching liquid crystal display (IPS LCD) accord-
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ing to the second embodiment of the present invention
comprises a transparent upper substrate 101, a lower sub-
strate 201, and positive liquid crystal molecules 301 inter-
posed between the upper and lower substrates 101, 201. A
lower alignment film 231, a color filter 241 and a reflection
layer 251 are stacked on the lower substrate 201 in that order
from top to bottom. An upper polarizer 161 is disposed on
an outer side of the upper substrate 101. A plurality of gate
lines 171 and data lines 181 are disposed on the upper
substrate 101, and define a plurality of pixel regions
arranged in a matrix. Each pixel region comprises a plurality
of pixel electrodes 111 and a plurality of common electrodes
121. The pixel electrodes 111 and the common electrodes
121 have a similar arcuate configuration, and are uniformly
spaced apart from each other. An upper alignment film 131
is disposed on the electrodes 111, 121 and the upper sub-
strate 101.

[0027] Because the pixel and common electrodes 111, 121
have arcuate configurations, the electric field generated by
them is a smooth continuum of multiple domains. The IPS
LCD provides equally fine visual performance at various
different viewing angles, and has a smaller color shift
compared to the IPS LCD of the first embodiment.

[0028] Referring to FIG. 5 and FIG. 6, a reflective type
in-plane switching liquid crystal display (IPS LCD) accord-
ing to the third embodiment of the present invention com-
prises a transparent upper substrate 102, a lower substrate
202, and positive liquid crystal molecules 302 interposed
between the upper and lower substrates 102, 202. An upper
polarizer 162 and a lower polarizer 262 are disposed on
outer sides of the substrates 102, 202 respectively. A color
filter 142 is disposed on an underside of the upper substrate
102, and an alignment film 132 is disposed on an underside
of the color filter 142. A reflection layer 252 is disposed on
an outer side of the lower alignment film 262. The lower
substrate 202 is transparent, so as to let light beams pass
through and reach the reflection layer 252. A plurality of gate
lines 172 and data lines 182 are formed on the lower
substrate 202, and define a plurality of pixel regions
arranged in a matrix. Each pixel region comprises a plurality
of pixel electrodes 212 and a plurality of common electrode
222. The pixel electrodes 212 and the common electrodes
222 have a similar wavy configuration, and are uniformly
spaced apart from each other. A lower alignment film 232 is
disposed on the electrodes 212, 222 and the lower substrate
202,

[0029] The electric field generated by the pixel and com-
mon electrodes 212, 222 is a smooth continuum of multiple
domains. The IPS LCD provides equally fine visual perfor-
mance at various different viewing angles, and has a smaller
color shift compared to the IPS LCD of the first embodi-
ment. Moreover, the configuration of the data lines 182 is
similar to that of the electrodes 212, 222. Because there is no
driving electric field at the margins between the data lines
and the electrodes 212, 222, the pixel region has a smaller
non-driven portion. That is, the IPS LCD has a higher
display efficiency compared to the IPS LCDs of the first and
second embodiments.

[0030] Referring to FIG. 7, this is an inverted, cross-
sectional view of the reflection layer 252 and the lower
substrate 202, not showing the lower polarizer 262. The
reflection layer 252 is multi-layer stack of dielectric mate-
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rials. In particular, there are two dielectric materials: low
refractive index polystyrene and high refractive index tel-
lurium. The reflection layer 252 has a plurality of bumps
2521 for reflecting the light beams uniformly. In manufac-
turing the reflection layer 252, small particles are disposed
on the lower substrate 202. Then the stack of dielectric
materials is formed on the particles and the substrate 202. In
this way, the bumps 2521 of the reflection layer 252 are
obtained.

[0031] In an alternative embodiment, the pixel electrodes
and common electrodes may have different configurations.
For example, the pixel electrodes may have a zigzagged
configuration and the common electrodes may have a wavy
configuration. Peaks of the pixel electrodes are spaced from
peaks of the common electrodes, and troughs of the pixel
electrodes are spaced from troughs of the common elec-
trodes.

[0032] It is also to be generally understood that even
though numerous characteristics and advantages of the
present invention have been set out in the foregoing descrip-
tion, together with details of the structure and function of the
invention, 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.

1. Areflective type IPS (in-plane switching) liquid crystal
display, comprising:

a transparent upper substrate;
a lower substrate;

liquid crystal molecules interposed between the sub-
strates;

a reflection layer disposed at the lower substrate; and

a plurality of gate lines and a plurality of data lines
disposed at one of the substrates, thereby defining a
plurality of pixel regions arranged in a matrix;

wherein each pixel region comprises a plurality of pixel
electrodes and a plurality of common electrode, the
pixel electrodes and the common electrodes each have
a bent configuration, and the pixel electrodes and the
common electrodes are uniformly spaced apart from
each other.
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2. The reflective type IPS liquid crystal display as claimed
in claim 1, wherein the pixel electrodes and the common
electrodes each have a zigzagged configuration.

3. The reflective type IPS liquid crystal display as claimed
in claim 1, wherein the pixel electrodes and the common
electrodes each have an arcuate configuration.

4. The reflective type IPS liquid crystal display as claimed
in claim 1, wherein the pixel electrodes and the common
electrodes each have a wavy configuration.

5. The reflective type IPS liquid crystal display as claimed
in claim 1, wherein the bent configuration of the pixel
electrodes is different the bent configuration of the common
electrodes.

6. The reflective type IPS liquid crystal display as claimed
in claim 1, wherein the reflection layer comprises a multi-
layer stack comprising a low refractive index material and a
high refractive index material.

7. The reflective type IPS liquid crystal display as claimed
in claim 6, wherein the low refractive index material is
polystyrene and the high refractive index material is tellu-
rium.

8. Areflective type IPS (in-plane switching) liquid crystal
display, comprising:

a substrate comprising a plurality of pixel regions
arranged in a matrix;

wherein each pixel region comprises at least one pixel
electrode and at least one common electrode, and an
electric field generated between adjacent said pixel and
common electrodes is along two or more directions.
9. Areflective type IPS (in-plane switching) liquid crystal
display, comprising:

a substrate comprising a plurality of pixel regions
arranged in a matrix;

wherein each pixel region comprises at least one pixel
electrode and at least one common electrode located on
a same plane while at least one of said at least one pixel
electrode and said at least one common electrode is not
linear.
10. The reflective type IPS (in-plane switching) liquid
crystal display as claimed in claim 9, wherein said non-
linear electrode defines at least one curve.



patsnap

TRAFROE) I 5 B S2iE T N E) R & B R ER
NIF(2E)E US20050212999A1 K (2E)R 2005-09-29
RS US11/028127 iR 2004-12-31

FRIFRB(RFR)AGE) HIKNEBER
B
BritJU

RE (TR AGE) M E BN
BB MG
BR3E-JU

HATREEAR)ACGE) BHelks

[FRIKBAA YANG CHIU LIEN
PANG JIA PANG
CHEN CHUEH JU

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

IPCH#E GO2F1/1335 G02F1/1343
CPCH#E GO2F1/134363
£ £ 093108255 2004-03-26 TW
H b FF STk US7336332
SNEBEEE Espacenet USPTO
FBE(F) 160
JIIITT LIS TSI I TSIl I I g r,
RETHIPS LCDAIEEMR £ EHR (100 ) MTEMR (200 ) , URIEALE . 100
ERZENERESF (300) . REE (250) BBEBETERL. ALE | 140
R EFR SRR (170 ) MBRIIEL (180) , MBRELUEREHE % LATIE AT A 73130
JINZAMBEXE, SMEXESEGESER (210 ) FMLHBF
(220) , BEBMALNHRBNEFTETHMEE , HFERILERF, Hit,
BT BN ETA S A | 5 ALCORIH TS MR, HM 300
FAENAEMELCDE RSN , AFAMIFTENEBIKE , REkER
BENREBBE N, -
Ve
\ d 1\\\\\\i + f\l\\\\\\ -
77Tz 777 777227 77 ¥ 7 A 250
(.- | { ~— 200
220 . 210 220


https://share-analytics.zhihuiya.com/view/abe46514-7f11-46d2-92df-6f3bd8b687c0
https://worldwide.espacenet.com/patent/search/family/034989367/publication/US2005212999A1?q=US2005212999A1
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=%2220050212999%22.PGNR.&OS=DN/20050212999&RS=DN/20050212999

