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FRINGE FIELD SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE WITH HIGH
TRANSMITTANCE AND WIDE VIEWING

ANGLE

FIELD OF THE INVENTION

[0001] The present invention relates to liquid crystal dis-
play (LCD) devices, and particularly to a fringe field switch-
ing (FFS) mode LCD device with high transmittance and a
wide viewing angle.

BACKGROUND

[0002] LCD devices are used as displays on a variety of
electronic products, such as computer monitors and motor
vehicle cruise control panels. Existing LCD types include, for
example, the twisted nematic liquid crystal display (TN-
LCD) and the in-plane switching liquid crystal display (IPS-
LCD). The TN-LCD often has the problem of a narrow view-
ing angle, and so the IPS-LCD was developed to overcome
this disadvantage. The IPS-L.CD typically has one or more
common electrodes and a plurality of pixel electrodes all
disposed on one of two parallel substrates. Liquid crystal
molecules are interposed between the substrates. The elec-
trodes drive the liquid crystal molecules with an electric field.
The resulting electric field is substantially in a plane parallel
to the substrates. Such a configuration provides a wide view-
ing angle.

[0003] However, the common electrodes and pixel elec-
trodes are formed of opaque metals, giving the IPS-LCD a
low aperture ratio and low transmittance. Thus, a fringe field
switching liquid crystal display (FFS-LCD) with a flat plate-
like common electrode has been developed in order to
improve on the aperture ratio and transmittance. The FFS-
LCD is characterized by its driving electric field, which is
between each pixel electrode and the common electrode.
Because the common electrode is transparent, the FFS-LCD
can typically attain a higher aperture ratio and a higher trans-
mittance.

[0004] FIG. 7 is a schematic, side cross-sectional view of
part of a typical FFS-LCD device. The FFS-LCD device 1
includes a first substrate 11 and a second substrate 12, with
the first and second substrates 11, 12 being spaced apart a
predetermined distance. A liquid crystal layer 10 having a
multiplicity of liquid crystal molecules (not labeled) is dis-
posed between the first and second substrates 11, 12. A back-
light module (not shown) is disposed under the second sub-
strate 12 for providing illumination.

[0005] A color filter 13 and a first alignment film 14 are
formed on an inner surface of the first substrate 11, in that
order from top to bottom. A common electrode 15 and a
plurality of pixel electrodes 18 are disposed at an inner sur-
face of the second substrate 12, with an insulating layer 16
interposed between the common electrode 15 and the pixel
electrodes 18. A second alignment film 17 is formed on the
insulating layer 16, such that the second alignment film 17
also covers the pixel electrodes 18.

[0006] Also referring to FIG. 8, this is a top plan view of
part of the second substrate 12. Two gate lines 121 and two
data lines 122 define a pixel region of the FFS-LCD device 1.
The data lines 122 are parallel to but spaced apart from each
other, and are substantially perpendicular to the gate lines
121. A thin film transistor (TFT) 120 used as a switching
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element is arranged at the intersection of one gate line 121 and
the corresponding data line 122.

[0007] The pixel and common electrodes 18, 15 are formed
in the pixel region. The pixel and common electrodes 18, 15
are made of a transparent conductive material such as indium-
tin-oxide (ITO) or indium-zinc-oxide (IZO). The pixel elec-
trode 18 is electrically connected to the source electrode of
the TFT 120, in order to obtain displaying signals therefrom.
The common electrode 15 is electrically connected to com-
mon line (not labeled), in order to obtain common voltage
signals therefrom.

[0008] The pixel electrode 18 includes a plurality of
straight comb tooth portions (not labeled), which all extend in
a same direction and are substantially parallel to each other.
When the FFS-LCD device 1 is driven, a strong fringe electric
field is formed between the common electrode 15 and the
pixel electrode 18. The liquid crystal molecules disposed over
the common electrode 15 and pixel electrodes 18 are driven
by this electric field to have a corresponding orientation. The
liquid crystal molecules are rotated only in a single direction;
that is, the FFS-LCD device 1 has a single domain. Conse-
quently, the FFS-LCD device 1 has a high aperture ratio and
high transmittance; but the FFS-LCD device 1 also exhibits
color shift when itis obliquely viewed in different directions.
[0009] Referring to FIG. 9, this is a schematic, top plan
view of a pixel region of another typical FFS-LCD device.
The FFS-LCD device 2 has a structure similar to that of the
FFS-LCD device 1. However, a pixel electrode 250 has a
plurality of slits 260 therein. The slits 260 are divided into a
first set of slits 261 and a second set of slits 262. The first set
of slits 261 are parallel to each other and oriented in a first
direction. The second set of the slits 262 are parallel to each
other and oriented in a second direction. Thus, at the center of
the pixel electrode 250, the first set and second sets of slits
261, 262 cross and form some “V”-shaped (or “Y”’-shaped)
elbows thereat. When a voltage is applied between the pixel
and common electrodes 250, 280, a horizontal in-plane elec-
tric field in two directions is established between the pixel and
common electrodes 250, 280. Thus, the liquid crystal display
device 2 has two domains so as to reduce color shift.

[0010] However, at each “V”-shaped elbow portion, an
electric field generated by voltage is abnormal, and liquid
crystal molecules thereat are oriented disorderly. Further,
disclination of the liquid crystal molecules occurs at the
elbow portion, and this decreases the transmittance and dis-
play quality of the LCD device 2.

[0011] Accordingly, what is needed is an FFS-LCD device
that can overcome the above-described deficiencies.

SUMMARY

[0012] An exemplary fringe field switching liquid crystal
display device includes a first substrate and a second substrate
disposed parallel to each other and spaced apart a predeter-
mined distance. A liquid crystal layer is interposed between
the first and second substrates. A plurality of gate lines and
data lines are formed on the second substrate, thereby defin-
ing a plurality of pixel regions. A common electrode (321) is
arranged in each pixel region. And a pixel electrode (323) is
arranged in each pixel region and insulated from the common
electrode, the pixel electrode including a plurality of slits
(350) arranged therein. The slits are separate from each other
and maintain varied angles including oblique angles relative
to the nearest gate lines.
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[0013] Another exemplary fringe field switching liquid
crystal display device includes a first substrate and a second
substrate disposed parallel to each other and spaced apart a
predetermined distance. A liquid crystal layer is interposed
between the first and second substrates. A plurality of gate
lines and data lines are formed on the second substrate,
thereby defining a plurality of pixel regions. A common elec-
trode is arranged in each pixel region. And a pixel electrode is
arranged on and insulated from the common electrode. The
pixel electrode includes a central slit arranged at a center
portion of the pixel electrode, and a plurality of side slits
arranged at each of two opposite long sides of the central slit.
All of the slits are separate from each other, and the side slits
at each long side of the central slit have a varying oblique
angles relative to the central slit.

[0014] Other novel features and advantages will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings. In the
drawings, all the views are schematic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a side cross-sectional view of part of an
FFS-LCD device according to a first embodiment of the
present invention, shown when a voltage is applied thereto.
[0016] FIG.2is an enlarged, top plan view of a pixel region
of the FFS-LCD device of FIG. 1.

[0017] FIG. 3 is a view of a pixel electrode of the pixel
region of FIG. 2, showing orientations of liquid crystal mol-
ecules when no voltage is applied to the pixel region.

[0018] FIG. 4 is similar to FIG. 3, but showing changed
orientations of the liquid crystal molecules when a voltage is
applied to the pixel region.

[0019] FIG. 5 shows Transmittance-Voltage curves for the
FFS-LCD device of FIG. 1, the curves corresponding to dif-
ferent configurations of the pixel electrode whereby slits of
the pixel electrode are oriented at different angles.

[0020] FIG. 6 is a top plan view of a pixel region of an
FFS-LCD device according to a second embodiment of the
present invention.

[0021] FIG. 7 is a side cross-sectional view of part of a
conventional FFS-LCD device.

[0022] FIG. 8 is a top plan view of a pixel region of the
FFS-LCD device of FIG. 7.

[0023] FIG.9is atop plan view of a pixel region of another
conventional FFS-LCD device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] Reference will now be made to the drawings to
describe the present invention in detail.

[0025] FIG. 1 is a schematic, side cross-sectional view of
partof an FFS-LCD device 3 according to a first embodiment
of the present invention, shown when a voltage is applied
thereto. The FFS-LCD device 3 includes a first substrate 310,
a second substrate 320 parallel to the first substrate 310 and
spaced therefrom a predetermined distance, and a liquid crys-
tal layer 300 sandwiched between the first and second sub-
strates 310, 320. The liquid crystal layer 300 includes a mul-
tiplicity of liquid crystal molecules 301.

[0026] A first polarizer 314 is arranged on an outer surface
of the first substrate 310. A color filter 311 is formed on an
inner surface of the first substrate 310, and a first alignment
layer 312 is formed on the color filter 311.
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[0027] A second polarizer 325 is arranged on an outer sur-
face of the second substrate 320. A common electrode 321, an
insulating layer 322, a plurality of pixel electrodes 323, and a
second alignment layer 324 are arranged on an inner surface
of the second substrate 320 from bottom to top in that order.
The liquid crystal layer 300 is sandwiched between the first
and second alignment layers 312, 324.

[0028] Also referring to FIG. 2, this shows an enlarged, top
plan view of part of the second substrate 320 of the FFS-LCD
device 3. A plurality of data lines 331 and gate lines 332 are
formed on the second substrate 320. The data lines 331 are
arranged parallel to each other, and each data line 331 extends
along alongitudinal direction. The gate lines 332 are arranged
parallel to each other, and each gate line 332 extends along a
direction transverse to the longitudinal direction of the data
lines 331. Thus, the crossing data lines 331 and gate lines 332
cooperatively define a multiplicity of pixel regions (not
labeled). The common electrode 321 and the pixel electrode
323 are in the pixel region. A thin film transistor (TFT) 333
used as a switching element is arranged at the intersection of
one gate line 332 and the corresponding data line 331.
[0029] The gate line 332 is electrically connected to the
gate electrode of the TFT 333 in order to provide scanning
signals. The data line 331 is electrically connected to the
source electrode of the TFT 333 in order to provide display
signals thereto. The pixel electrode 323 is electrically con-
nected to the drain electrode of the TFT 333 in order to receive
display signals therefrom.

[0030] The pixel electrode 323 has a plate-like structure
with a plurality of slits 350 therein. Each of the slits 350 has
a quadrilateral shape. A centermost one of the slits 350 is an
isosceles trapezoid slit 351, which is located at a center por-
tion of the pixel electrode 323. All of two sets of slits 352
except two endmost of the two sets of slits 352 have a trap-
ezoidal shape. The trapezoidal shape includes two parallel
sides that are also parallel to the data lines 331, and two
nonparallel sides that maintain oblique angles relative to the
nearest gate line 332. The two sets of slits 352 are arranged in
two sets, which are oriented symmetrically opposite to each
other at two opposite sides of the isosceles trapezoid slit 351.
Each of the two sets of slits 352 has a central longitudinal axis
(not shown), which maintains a predetermined oblique angle
relative to a central longitudinal axis (not shown) of the isos-
celes trapezoid slit 351. The oblique angles of the slits 352 in
each set of slits 352 progressively increase from the slit 352
adjacent to the isosceles trapezoid slit 351 to the slit 352
farthest from the isosceles trapezoid slit 351. A distance sepa-
rating any two adjacent slits 350 is uniform. That is, each long
side of each slit 350 is parallel to the nearest long side of the
nearest adjacent slit 350. Further, the distance separating all
the adjacent slits 350 is a same distance. With this configura-
tion, the slits 350 have a generally fan-shaped distribution or
arrangement.

[0031] Also referring to FIG. 3, the FFS-LCD device 3is in
an “off” state when no voltage is applied thereto. In this state,
the liquid crystal molecules 301 contained in the liquid crys-
tal layer 300 are aligned in a single direction, as induced by
the alignment layers 312, 324.

[0032] Also referring to FIG. 4, the FFS-LCD device 3is in
an “on” state when a voltage is applied between the common
electrode 321 and the pixel electrode 323. In this state, a
horizontal electric field having different directions in the hori-
zontal plane is established, owing to the various configura-
tions of the slits 350 including the angles of the slits 350. The
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electric field is oriented in successive contiguous directions
that continuously vary from each of the long sides of the
isosceles trapezoid slit 351 to the corresponding endmost slit
352 farthest from the isosceles trapezoid slit 351. The electric
field causes the liquid crystal molecules 301 to be twisted in
the horizontal plane that is parallel to the substrates 310, 320.
Because the electric field has various directions in the hori-
zontal plane, the liquid crystal molecules 301 are twisted in
various directions, and are arranged in a generally fan-shaped
distribution corresponding to the fan-shaped distribution of
the slits 350. Consequently, the FFS-LCD device 3 hasa wide
variety of domains.

[0033] As a result, when the FFS-LCD device 3 is in an
“on” state, different colors can be seen in different regions
from different directions corresponding to the continuous
domains. Thereby, any color shift that may otherwise exist is
reduced or even eliminated. That is, the FFS-LCD device 3
has a wide viewing angle. Furthermore, all of the slits 350 are
separated from each other (see above), and no elbow portions
exist in the pixel electrode 323. Therefore disclination is
prevented, and light transmittance of the TFT-LCD device 3 is
enhanced as well.

[0034] FIG. Sillustrates transmittance-voltage (TV) curves
of'the FFS-LCD device 3 with slits 350 having varied oblique
angles to the gate line 332. The four curves illustrate four
typical TV curves with oblique angles of 8°, 12°, 15° and 20°.
When a high driving voltage, e.g. 4V, is applied between the
common electrode 321 and the pixel electrode 323, the FFS-
LCD device 3 is in “on” state. The oblique angles have
remarkable influence to the transmittance of the FFS-LCD
device 3. When the oblique angle is large, e.g. 20°, the FFS-
LCD device 3 has a lower transmittance at the peak of the
curve, and the transmittance smoothly varies when the driv-
ing voltage swings in a range. When the oblique angle is
small, e.g. 12°, the FFS-LCD device 3 has a higher transmit-
tance at the peak of the curve, and the transmittance steeply
varies when the driving voltage swings in a range.

[0035] From the above description, when the FFS-LCD
device 3 is in an “on” state, in order to obtain a high trans-
mittance, the oblique angles of the slits 350 should be as small
as practicable. However, in operation of the FFS-LCD device
3, the driving voltage typically swings across a range of
voltages. For this reason, in order to achieve a stable trans-
mittance for displaying images, the oblique angles of the slits
350 should be as large as practicable. Based on experimenta-
tion, it has been concluded that the preferred angles of the slits
350 are in a range of 0° to 20°. In this range, a high and stable
transmittance is achieved as required.

[0036] Referring to FIG. 6, this shows a top plan view of
part of a second substrate 420 of an FFS-LCD device accord-
ing to a second embodiment of the present invention. The
FFS-LCD device 4 has a structure similar to the FFS-LCD
device 3 of the first embodiment. However, in the FFS-LCD
device 4, a pair of right-angled trapezoid slits 451 are
arranged at a center portion of a pixel electrode 423. The two
trapezoid slits 451 have two adjacent parallel long sides. For
reasons similar to those detailed above in relation to the
FFS-LCD device 3, the FFS-LCD device 4 can achieve high
transmittance and a wide viewing angle.

[0037] It is to be understood, however, that even though
numerous characteristics and advantages of the present
embodiments have been set out in the foregoing description,
together with details of the structures and functions of the
embodiments, the disclosure is illustrative only, and changes
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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 fringe field switching liquid crystal display device,
comprising;

a first substrate and a second substrate disposed parallel to

each other and spaced apart a predetermined distance;

a liquid crystal layer interposed between the first and sec-

ond substrates;

a plurality of gate lines and data lines formed at the second

substrate, thereby defining a plurality of pixel regions;

a common electrode arranged in each pixel region; and

a pixel electrode arranged in each pixel region and insu-

lated from the common electrode, the pixel electrode
comprising a plurality of slits defined therein;

wherein the slits are separate from each other and maintain

various angles including oblique angles relative to the
nearest gate line.

2. The fringe field switching liquid crystal display device as
claimed in claim 1, wherein each of the slits comprises two
parallel sides and nonparallel sides.

3. The fringe field switching liquid crystal display device as
claimed in claim 2, wherein one of the slits disposed at a
center portion of the pixel electrode is an isosceles trapezoid
slit.

4.The fringe field switching liquid crystal display device as
claimed in claim 3, wherein the two parallel sides of the
isosceles trapezoid slit are parallel to the data lines, and the
two nonparallel sides maintain oblique angles to the gate
lines.

5. The fringe field switching liquid crystal display device as
claimed in claim 3, wherein the other slits are disposed sym-
metrically at the two nonparallel sides of the isosceles trap-
ezoid slit.

6. The fringe field switching liquid crystal display device as
claimed in claim 5, wherein the nonparallel sides of the other
slits maintain oblique angles to the gate lines.

7. The fringe field switching liquid crystal display device as
claimed in claim 6, wherein the oblique angles continuously
increase from the center to sides of the pixel electrode.

8. The fringe field switching liquid crystal display device as
claimed in claim 6, wherein each two adjacent slits have
parallel sides, the parallel nonparallel sides are adjacent to
each other.

9. The fringe field switching liquid crystal display device as
claimed in claim 2, wherein two of the slits disposed at a
center portion of the pixel electrode are two right-angled
trapezoid slits.

10. The fringe field switching liquid crystal display device
as claimed in claim 9, wherein each of the two trapezoid slits
comprises a side being parallel to each other, and the two
parallel sides are adjacent to each other.

11. The fringe field switching liquid crystal display device
as claimed in claim 1, wherein the oblique angles of the slits
are in a range of 0° to 20°.

12. The fringe field switching liquid crystal display device
as claimed in claim 1, further comprising an insulating layer
interposed between the pixel electrode and the common elec-
trode.

13. The fringe field switching liquid crystal display device
as claimed in claim 1, further comprising a first alignment
film arranged between the first substrate and the liquid crystal
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layer, a second alignment layer arranged between the second
substrate and the liquid crystal display layer, a first polarizer
arranged on an outer surface of the first substrate, and a
second polarizer arranged on an outer surface of the second
substrate.

14. A fringe field switching liquid crystal display device,
comprising:

a first substrate and a second substrate disposed parallel to

each other and spaced apart a predetermined distance;

a liquid crystal layer interposed between the first and sec-

ond substrates;

a plurality of gate lines and data lines formed at the second

substrate, thereby defining a plurality of pixel regions;

a common electrode arranged in each pixel region; and

a pixel electrode arranged on and insulated from the com-

mon electrode;

wherein the pixel electrode comprises a central slit

arranged at a center portion of the pixel electrode, and a
plurality of side slits arranged at each of two opposite
long sides of the central slit; and

all of the slits are separate from each other, and the side slits

ateach long side of the central slit have a varying oblique
angles relative to the central slit.

15. The fringe field switching liquid crystal display device
as claimed in claim 14, wherein the oblique angles of the side
slits continuously increase from the referenced slit to the
sides of the pixel electrode.
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16. The fringe field switching liquid crystal display device
as claimed in claim 14, wherein the oblique angles of the slits
are in a range of 0° to 20°

17. A fringe field switching liquid crystal display device
comprising:

a first substrate and a second substrate disposed parallel to

each other and spaced apart a predetermined distance;

a liquid crystal layer interposed between the first and sec-

ond substrates;

a plurality of gate lines and data lines formed at the second

substrate, thereby defining a plurality of pixel regions;

a common electrode arranged in each pixel region; and

a pixel electrode arranged in each pixel region and insu-

lated from the common electrode, the pixel electrode
comprising a plurality of slits defined therein;
wherein the slits are separate from each other and define
tapered structures directing toward a same side of the pixel
electrode.

18. The fringe field switching liquid crystal display device
as claimed in claim 17, wherein each of said slits defines a
smaller dimension on said same side of the pixel electrode
and a larger dimension on the other side of the pixel electrode.

19. The fringe field switching liquid crystal display device
as claimed in claim 18, wherein a distance between every
adjacent two slits essentially keeps constant.

20. The fringe field switching liquid crystal display device
as claimed in claim 17, wherein said slits are arranged in a
radiating manner from an imaginary center.

s * #* ok %k



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

EHA

IPCH %5
CPCHRF
R 54X
Hfth 237 STk
EIN-E 22

E()

T G RRBETREE (3) S/ FTEBRTHRERREN

patsnap

EEREHRANRNANLEGREXRIERKE

US20080143946A1

US12/002448

Bol L EROARAT

Bol e BiROBERAT.

ol

WANG CHUN YU
LIN YU CHENG
CHEN CHUEH JU
YANG CHIU LIEN
PANG JIA PANG

WANG, CHUN-YU
LIN, YU-CHENG
CHEN, CHUEH-JU
YANG, CHIU-LIEN
PANG, JIA-PANG

GO02F1/1343

t\

M (A %5) R 2008-06-19

RiEHR 2007-12-17

GO02F1/133707 G02F2001/134372 G02F1/134309

095147245 2006-12-15 TW

US7855772

Espacenet USPTO

F—HMR (310) MF-EM (320) ., HBZE (300) NTFE—MFE=

ERCE. EE-EREFKSEMRL (332) MKIEL (331)
MIRESMEEXT, AHBEW (321) HBEENMEEXEH, HASK

. M

EHR (323 ) HBEEBMERESTHEEAHEREL  GEBRD

FEAX T RICAMIR L TAN A E,

_______;%_3 _______ 7 320
L [ ety e '
g '
S .l i
] pes — ;
he==n="%
| l——= |1 "
2 E::ﬁ—-_g — 1352
2 {@‘“2—1—351
7z \“—4 352
| =11
.z N7 .Y
Z Z :
'z % 1332
- ¥ !



https://share-analytics.zhihuiya.com/view/41990ff6-c3cb-4b0b-abbf-ba8690b08d29
https://worldwide.espacenet.com/patent/search/family/039526702/publication/US2008143946A1?q=US2008143946A1
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=%2220080143946%22.PGNR.&OS=DN/20080143946&RS=DN/20080143946

