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7) ABSTRACT

A liquid crystal display is disclosed. A first substrate and a
second substrate correspond to each other. A plurality of first
common electrode and a second common electrode are
arranged on the first substrate. A plurality of first pixel elec-
trodes and a second pixel electrode correspond to the first
common electrodes and the second common electrode sepa-
rately, and each of the pixel electrodes includes a plurality of
electrode portions having a width 1, tilted an angle 6, and
separated by a distance w. A plurality of first color units and
a second color unit are arranged on the second substrate and
correspond to the first pixel electrodes and the second pixel
electrode separately, wherein at least one of the width 1, the
distance w and the angle 6 in the first color units is different
from that in the second color unit.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Theinvention relates to liquid crystal display (LCD)
devices, and more particularly to fringe field switching mode
liquid crystal display (FFS-LCD) devices.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display (LCD) devices possess the
advantages of small size, light weight and low power con-
sumption thus, they offer enhanced portability and applica-
bility to a wide variety of electronic and communication
devices including notebook computers, personal digital assis-
tants (PDA), mobile phones and similar. Critical features for
large-scale monitors and high-end TV applications include
fast response, high contrast ratio, high transparency, and wide
viewing angle with no gray scale inversion.

[0005] Fringe field switching liquid crystal displays (FFS-
LCD) meet the described high quality display feature require-
ments, and solve the viewing angle problems by orienting the
liquid crystal molecules to be parallel with a substrate. More-
over, FFS-LCDs have high a aperture ratio and transmittance.
[0006] LCDs typically present images by mixing the three
primary colors, red, green and blue. In addition to the three
primary colors, a white is also provided to increase transmis-
sive or reflective brightness and thus reduce power consump-
tion. Mixed RGBW LCDs, however, suffer from some draw-
backs.

[0007] FIG. 1 illustrates a conventional RGBW LCD com-
prising a first substrate 100, such as an array substrate. A
plurality of thin film transistors (TFTs), each comprising a
gate, a source and a drain, is formed on the first substrate 100.
In this figure, the TFTs and/or other active devices are sim-
plified as an active layer 102. A lower alignment layer 104 is
formed on the active layer 102.

[0008] A second substrate 106 is opposite the first substrate
100. Red resist patterns R', green resist patterns G' and blue
resist patterns B' are formed on an inner side of the second
substrate 106 each comprising openings 110. The red resist
patterns R', the green resist patterns G' and the blue resist
patterns B' can be formed by photolithography. The openings
are provided at locations for forming white resist patterns.
After forming the R', G', B' resist patterns, a coating layer 112
is blanketly deposited to fill the opening 110, and thereby
form the transparent white resist patterns W'. Next, an upper
alignment layer 114 is formed on the coating layer 112.
Liquid crystals are injected into a space between the upper
alignment layer 114 and the lower alignment layer 104 to
form a liquid crystal layer 116.

[0009] Because the white resist pattern W' is formed by
filling gaps in the coating layer 112, non-uniform cell gaps
occur. For example, a cell gap d1 corresponding to the white
resist pattern W' is larger than another cell gap d2 correspond-
ing to the red resist pattern R', the green resist pattern G',
and/or the blue resist pattern B'. Non-uniform cell gaps, how-
ever, present non-uniform T-V (transmittance versus voltage)
curves. As shown in FIG. 2, different cell gaps, such as 3.5
um, 4.0 pm, and 4.3 pm, achieve different T-V curves.
Accordingly, some optical properties such as contrast ratio
and viewing angles may deteriorate in LCDs.

[0010] FIG. 3 shows across section of a conventional fringe
field switching liquid crystal display (FFS-LCD) device 300,
which comprises a first substrate 302 and an opposite second
substrate 304. A common electrode 308 is formed on the first
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substrate. An insulating layer 312 is formed on the common
electrode 308. A plurality of pixel electrodes 310 are formed
on the insulating layer 312. A lower alignment layer 314 is
formed to cover the insulating layer 312 and the pixel elec-
trodes 310. A color filter layer 316 and an upper alignment
layer 318 are formed on the inner surface of the second
substrate 304. A liquid crystal layer 306 is interposed between
the upper and the lower alignment layers. The FFS-LCD
device achieves wider viewing angle by orienting the liquid
crystal molecules 320 of the liquid crystal layer 306 to be
parallel with the first and second substrates 302 and 304 using
an electric field 322 between the pixel electrodes 310 and the
common electrode 308, and further has advantages of high
aperture ratio and transmittance. The conventional FFS-LCD
device, however, still suffers from non-uniform T-V curve
and related issue when incorporating mixed RGBW technol-

ogy.
BRIEF SUMMARY OF INVENTION

[0011] A detailed description is given in the following
embodiments with reference to the accompanying drawings.
These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
the invention.

[0012] Liquid crystal displays are provided. An exemplary
embodiment of a display unit comprises a first color unit, a
second color unit, a third color unit, and a fourth color unit. A
first substrate is disposed opposite a second substrate with a
liquid crystal layer interposed therebetween. A common elec-
trode is disposed overlying an inner surface of the first sub-
strate. A pixel electrode is disposed over the common elec-
trode with an insulating layer therebetween, wherein the pixel
electrode comprises a plurality of parallel electrode portions,
each having a width 1, an angle 0 from horizontal, and sepa-
rated with each other by a distance w. A color filter layer is
disposed overlying an inner surface of the second substrate. A
coating layer is disposed overlying the color filter layer,
wherein the liquid crystal display comprises a cell gap
between the coating layer and the pixel electrode. The cell gap
in the fourth color unit is larger than that in the first color unit,
the second color unit and/or the third color unit. At least one
of the width 1, the distance w and the angle 0 in the fourth
color unit is different from that in the first color unit, the
second color unit and/or the third color unit.

[0013] Fringe field switching liquid crystal displays (FFS-
LCD) are provided. An exemplary embodiment of an FFS
LCD unit comprises a first color unit, a second color unit, a
third color unit and a fourth color unit defined by a plurality of
gate lines intersecting a plurality of data lines. A first substrate
is disposed opposite a second substrate with a liquid crystal
layer interposed therebetween. A common electrode is dis-
posed overlying the first substrate. An insulating layer is
disposed overlying the common electrode. A pixel electrode
is disposed overlying the common electrode. The pixel elec-
trode comprises a plurality of parallel electrode portions, each
having a width 1, an angle 0 from horizontal, and separated
from each other by a distance w. A color filter layer is dis-
posed overlying an inner surface of the second substrate. A
coating layer is disposed overlying the color filter layer,
wherein the liquid crystal display has a cell gap between the
coating layer and the pixel electrode. The color filter layer
comprises an opening corresponding to the fourth color unit.
The coating layer fills the opening and sinks thereby, such that
the cell gap in the fourth color unit is larger than that in the
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first color unit, the second color unit, and/or the third color
unit. The width 1, the distance w and/or the angle 6 in the
fourth colorunit is adjusted to differ from that in the first color
unit, the second color unit and/or the third color unit for
achieving uniform transmittance-voltage curves between the
fourth color unit and at least one of the first color unit, the
second color unit and the third color unit.

BRIEF DESCRIPTION OF DRAWINGS

[0014] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:

[0015] FIG. 1 illustrates a drawback of conventional
RGBW LCDs.

[0016] FIG. 2 is a T-V diagram of conventional RGBW
LCDs.

[0017] FIG. 3 shows across section of a conventional fringe
field switching liquid crystal display (FFS-LCD) device.
[0018] FIG. 4A shows a plan view of a color unit of an
FFS-LCD device in an embodiment of the invention.

[0019] FIG. 4B shows a cross section along line I-I' of FIG.
4A.

[0020] FIG. 5A shows a display unit comprising four color
units of a FFS-LCD device of an embodiment of the inven-
tion.
[0021]
5A.
[0022] FIG. 6 shows a display unit of an embodiment of an
FFS-LCD device of the invention.

[0023] FIG. 7 shows a display unit of an embodiment of an
FFS-LCD device of the invention.

[0024] FIG. 8 shows a display unit of an embodiment of an
FFS-LCD device of the invention.

[0025] FIG. 9A shows a display unit of an embodiment of
an FFS-LCD device of the invention.

[0026] FIG. 9B shows a display unit of an embodiment of
an FFS-LCD device of the invention.

[0027] FIG. 10 is a T-V diagram, showing a simulation
result of the invention.

FIG. 5B shows a schematic cross section of FIG.

DETAILED DESCRIPTION OF INVENTION

[0028] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims. The invention, which provides a liquid
crystal display, will be described in greater detail by referring
to accompanying the drawings. In the drawings, like and/or
corresponding elements are referred to by like reference
numerals.

[0029] FIG. 4A shows a plan view of a color unit 400 of an
embodiment of an FFS-LCD device. FIG. 4B is a cross sec-
tion along line I-I' of FIG. 4A. Referring to FIG. 4A and FIG.
4B, a first substrate 402 (also referred to as an array substrate)
is provided. The first substrate 402 can be a glass substrate,
and preferably is a low-alkali or non-alkali substrate. A first
conductive layer, such as Mo, is deposited, and then patterned
by photolithography to form a gate line 404. Next, a gate
dielectric layer 408, such as silicon oxide or silicon oxyni-
tride, is formed on the gate line 404 and the first substrate 402.
A semiconductor layer 410, such as an amorphous silicon
layer, and a doped semiconductor layer 412, such as an amor-
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phous silicon layer doped with boron or phosphorus, is
sequentially formed on the gate dielectric layer 408. Further,
a transparent conductive layer, preferably 1TO, is first depos-
ited on the gate dielectric layer 408 and then pattered to form
a common electrode 406 and a common electrode line 407.
Thereafter, a second conductive layer is deposited on the
doped semiconductor layer 412 and the gate dielectric layer
408, and then patterned by photolithography and etching to
form a source electrode 414, a drain electrode 416 and data
lines 418. Note that the gate line 404, the gate dielectric layer
408, the semiconductor layer 410, doped semiconductor layer
412, the source electrode 414 and the drain electrode 416
constitute a thin film transistor (TFT), and the orthogonally
intersecting data lines and gate line 404 define a color unit 400
of the FFS-LCD device.

[0030] A passivation layer 417, such as silicon nitride, is
conformally deposited on the source electrode 414, the drain
electrode 416, the semiconductor layer 410 and the common
electrode 406. A transparent conductive layer is deposited on
the passivation layer 417, and then patterned by photolithog-
raphy and etching to form a pixel electrode 420. In this
embodiment the pixel electrode 420 comprise two electrode
bars 420a parallel to the data lines 418 and a plurality of
inclined electrode portions 4205, each having a width 1, an
angle 0 from horizontal and separated with each other by a
distance w. Two ends of each electrode portion 42056 are
separately connected to the two electrode bars 420a. The
width 1, the inclined angle 6 and the separating distance w
affect the operating voltage and/or transmittance of the FFS-
LCD device.

[0031] A second substrate 422 (also referred to as a color
filter substrate) is provided. A color filter layer 424, such as a
photoresist, is formed on the inner surface of the second
substrate 422. A coating layer 426, such as a transparent
photoresist, is formed on the color filter layer 424. Next,
liquid crystals are injected into a space between the first and
second substrates to form a liquid crystal layer 428.

[0032] FIG.4A and FIG. 4B show only one color unit. FIG.
5A shows a display unit 400 comprising four color units of an
embodiment of an FFS-LCD device. FIG. 5B shows a sche-
matic cross section of FIG. 5A. Note that the thin film tran-
sistor comprising the gate line 404, the gate dielectric layer
408, the source electrode 414, the drain electrode 416, and the
pixel electrode 420 in FIG. 4B is referred to as active layer
433 in FIG. 5B for simplicity. In this embodiment, the display
unit is a pixel, and the four color units are sub-pixels, the
invention, however, is not limited to this. The color units can
be pixels. In an exemplary example, the four sub-pixels com-
prise three major color sub-pixels and a white sub-pixel.
Here, the three major color sub-pixels are illustrated as red
sub-pixel R, green sub-pixel G and blue sub-pixel B, and the
white unit as white sub-pixel W.

[0033] Referring to FIG. 5A and FIG. 5B, the red sub-pixel
R, the green sub-pixel G, the blue sub-pixel B and the white
sub-pixel W correspond to red resist patterns R', green resist
patterns G', blue resist patterns B', and openings 431 are
formed at locations predetermined to form white resist pat-
terns. The coating layer 426 is formed on the blue, green and
blue resist patterns R', G' and B', and fills the openings 431.
Thus, a portion of the coating layer 426 in openings form
white resist patterns W' of the color filter layer 424. As pre-
viously described, each sub-pixel electrode 420 comprises
two electrode bars 420a parallel to the data line 418 and a
plurality of inclined electrode portions 42056. Each inclined
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electrode portion 4204 in the red sub-pixel R hasa width 1,,an
inclined angle 8, and a separating distance w,. Each inclined
electrode portion 4204 in the green sub-pixel G has a width 1,
an inclined angle 0, and a separating distance w,. Each
inclined electrode portion 4204 in the blue sub-pixel B has a
width 1;, inclined angle 0, and separating distance w,. Each
inclined electrode portion 4204 in the white sub-pixel W has
a width 1, inclined angle 6, and separating distance w..
[0034] Note that one photolithography step can be elimi-
nated by the process of filling gaps to form white resist pat-
terns W' of the color filter layer 424. Coating layer 426,
however, sinks in the white sub-pixel W, thus, the cell gap d1
between the upper alignment layer 435 and the lower align-
ment layer 437 in the white sub-pixel W is larger than the cell
gap d2 in the red sub-pixel R, green sub-pixel G and blue
sub-pixel B. Due to the different cell gaps, the T-V curve of
the LCD device is non-uniform. In order to address this issue,
at least one of the separating distance w,, the width 1,, and the
angle 0, of the inclined pixel electrode portions 4205 in the
white sub-pixel W are adjusted to compensate for the non-
uniform T-V characteristics resulting from the different cell
gap size. Accordingly, a uniform T-V curve can be achieved.
[0035] In the example shown in FIG. 5A, the sub-pixels R,
G, B and W are arranged in a strip. The cell gap in the white
sub-pixel W is larger than that in red, green and blue sub-
pixels R, G and B. The inclined angles 0, of pixel electrode
portions 4205 in the white sub-pixel W are adjusted for com-
pensating the non-uniform transmittance versus voltage char-
acteristics resulting from the different cell gap size. As shown
in this figure, the inclined angle 6, of pixel electrode portions
42056 in the white sub-pixel W are different from those in the
red, green and blue sub-pixels R, G and B.

[0036] In another example shown in FIG. 6, the sub-pixels
R, G,Band W are arranged in a strip. The cell gap in the white
sub-pixel W is larger than that in the red, green and blue
sub-pixels R, G and B. The separating distances w, of pixel
electrode portions 4205 in the white sub-pixel W are adjusted
for compensating the non-uniform transmittance versus volt-
age characteristics resulting from the different cell gap size.
As shown in this figure, the separating distances w, of pixel
electrode portions 4205 in the white sub-pixel W are different
from those in the red, green and blue sub-pixels R, G and B.
[0037] In another example shown in FIG. 7, the sub-pixels
R, G,Band W are arranged in a strip. The cell gap in the white
sub-pixel W is larger than that in red, green and blue sub-
pixels R, G and B. The separating distance w,, of pixel elec-
trode portions 4205 in the white sub-pixel W are adjusted for
compensating the non-uniform transmittance versus voltage
characteristics resulting from the different cell gap size. As
shown in this figure, the separating distance w, of pixel elec-
trode portions 4205 in the white sub-pixel W are different
from those in the red, green and blue sub-pixels R, G and B.
[0038] In another example shown in FIG. 8, the sub-pixels
R, G,Band W are arranged in a strip. The cell gap in the white
sub-pixel W is larger than that in red, green and blue sub-
pixels R, G and B. The inclined angles 0., the separating
distances w, and the separating distance w, of the pixel elec-
trode portions 4205 in the white sub-pixel W are adjusted for
compensating the non-uniform transmittance versus voltage
characteristics resulting from the different cell gap size. As
shown in this figure, the inclined angle 8,, the widths 1, and
the separating distances w, of pixel electrode portions 4205 in
the white sub-pixel W are different from those in the red,
green and blue sub-pixels R, G and B.
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[0039] In another example shown in FIG. 9A, the sub-
pixels R, G, B and W are arranged in a rectangle. The cell gap
in the white sub-pixel W is larger than that in the red, green
and blue sub-pixels R, G and B. The inclined angles 6, the
widths 1, and the separating distances w, of the pixel elec-
trode portions 4205 in the white sub-pixel W are adjusted for
compensating the non-uniform transmittance versus voltage
characteristics resulting the different cell gap size. As shown
in this figure, the inclined angle 6,, the widths 1, and the
separating distances w,, of pixel electrode portions 4205 in the
white sub-pixel W are different from those in the red, green
and blue sub-pixels R, G and B.

[0040] In further another example shown in FIG. 9B, the
sub-pixels R, G, B and W are arranged in a square. The cell
gap in the white sub-pixel W is larger than that in the red,
green and blue sub-pixels R, G and B. The inclined angles 0,,,
the widths 1, and the separating distances w, of the pixel
electrode portions 4205 in the white sub-pixel W are adjusted
for compensating the non-uniform transmittance versus volt-
age characteristics resulting the different cell gap size. As
shown in this figure, the inclined angle 0, the widths 1, and
the separating distances w, of pixel electrode portions 4205 in
the white sub-pixel W are different from those in the red,
green and blue sub-pixels R, G and B.

[0041] Insome embodiments the color units can be pixels,
in which sub-pixel rendering is implemented on the display
device 400. For clarity, the sub-pixel rendering technology is
not illustrated in detail herein. U.S. Pat. No. 7,068,287, U.S.
Pat. No. 7,084,923, and U.S. Pat. No. 7,110,012 are incorpo-
rated by reference.

[0042] Note that the invention is not limited to the embodi-
ments described. The inclined angle 6, and the separating
distances w, of pixel electrode portions 4205 in the white
sub-pixel W can be adjusted to differ from those in the red
sub-pixel, the green sub-pixel and the blue sub-pixel for
achieving uniform transmittance-voltage curves. Alterna-
tively, the inclined angle 0., and the separating distance w, of
pixel electrode portions 4206 in the white sub-pixel W can be
adjusted to differ from those in the red sub-pixel, the green
sub-pixel and the blue sub-pixel for achieving uniform trans-
mittance-voltage curves. In addition, the widths 1, and the
separating distances w, of pixel electrode portions 4205 in the
white sub-pixel W can be adjusted to differ from those in the
red sub-pixel, the green sub-pixel, and the blue sub-pixel for
achieving uniform transmittance-voltage curves. Further,
arrangements of the sub-pixels are not limited to the
described embodiments, they can also be arranged as a rect-
angle, mosaic, or checkerboard.

[0043] FIG. 10 is a T-V diagram, showing a simulation
result. The diagram of FIG. 10 can be compared with the
diagram of FIG. 2. In FIG. 2, curve 1 has a cell gap 3.5 um and
curve 2 has a cell gap 4.0 um, and each presents different
transmittance versus voltage characteristics. In FIG. 10, the
widths of the electrode portions of the pixel electrodes are the
same as FIG. 2. The separating distances of the electrode
portions of the pixel electrodes in the white sub-pixel W are
increased from 5 um of curve 1 to 6 um of curve 2, and the
inclined angles 6 thereof are decreased from 7° of curve 1 to
5° of curve 2 for compensating the non-uniform transmit-
tance versus voltage characteristics resulting from variance of
the cell gap. As shown in FIG. 10, though curve 1 and curve
2 have difference cell gap, the curves are substantially
matched by adjusting the widths and/or the separating dis-
tances of pixel electrode portions in the white sub-pixel W.
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[0044] While the invention has been described by way of
example and in terms of the preferred embodiments, itisto be
understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and a second substrate corresponding to
each other;

aplurality of first common electrode and a second common
electrode arranged on the first substrate;

a plurality of first pixel electrodes and a second pixel elec-
trode corresponding to the first common electrodes and
the second common electrode separately, and

each of the pixel electrode including a plurality of electrode
portions having a width 1, tilted an angle 0, and separated
by a distance w; and

a plurality of first color units and a second color unit
arranged on the second substrate and corresponding to
the first pixel electrodes and the second pixel electrode
separately;

wherein at least one of the width 1, the distance w and the
angle 0 in the first color units is different from that in the
second color unit.

2. The liquid crystal display as claimed in claim 1, wherein
one of the first color units is selected from the group consist-
ing of a red color unit, a green color unit, and a blue color unit.

3. The liquid crystal display as claimed in claim 1, wherein
one of the second color units is selected from the group
consisting of a red color unit, a green color unit, and a blue
color unit.

4. The liquid crystal display as claimed in claim 1, wherein
the second color unit having a sink.

5. The liquid crystal display as claimed in claim 4, wherein
the sink is filled with a transparent material.

6. The liquid crystal display as claimed in claim 1, wherein
the width 1 and the distance w in the first color units are
different from those in the second color unit.

7. The liquid crystal display as claimed in claim 1, wherein
the distance w and the angle 8 in the first color units are
different from those in the second color unit.
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8. The liquid crystal display as claimed in claim 1, wherein
the angle 6 and the width 1 in the first color units are different
from those in the second color unit.

9. The liquid crystal display as claimed in claim 1, wherein
ends of the electrode portions are connected to each other.

10. The liquid crystal display as claimed in claim 1,
wherein the first color units and the second color unit is
arranged in a strip, triangle, rectangle, square, mosaic or
checkerboard.

11. The liquid crystal display as claimed in claim 1, further
characters a first transmittance-voltage curve corresponding
to the first color units and a second transmittance-voltage
curve corresponding to the second color units.

12. The liquid crystal display as claimed in claim 1,
wherein the width 1 in the second color unit is adjusted for
achieving similar first and second transmittance-voltage
curves.

13. The liquid crystal display as claimed in claim 1,
wherein the distance w in the second color unit is adjusted for
achieving similar first and second transmittance-voltage
curves.

14. The liquid crystal display as claimed in claim 1,
wherein the angle 6 in the second color unit is adjusted for
achieving similar first and second transmittance-voltage
curves.

15. The liquid crystal display as claimed in claim 1, further
comprising a first alignment layer disposed on the first sub-
strate.

16. The liquid crystal display as claimed in claim 1, further
comprising a second alignment layer disposed on the second
substrate.

17. The liquid crystal display as claimed in claim 1, further
comprising a coating layer disposed overlying the first color
units and the second color unit.

18. The liquid crystal display as claimed in claim 1, further
comprising a first cell gap between the first pixel electrodes
and the coating layer and a second cell gap between the
second pixel electrode and the coating layer.

19. The liquid crystal display as claimed in claim 18,
wherein the second cell gap is larger than the first cell gap.

20. The liquid crystal display as claimed in claim 1,
wherein the first pixel electrodes and the second pixel elec-
trode are arranged on the first substrate.

* * #* ok %



patsnap

LT RBFROF) REE RS
[F(2E)F US20080143897A1 [ (r&)B 2008-06-19
HiES US11/610554 RiFH 2006-12-14

IRIFRBE(EFR)AGE) BFEERROBRLA
RF(EFR)AGE) BFEEEROBRLF.

HAHRBEAIRARE) BFEEEROBRLF

[FRI& B A CHANG CHING CHAO

b1 PN CHANG, CHING CHAO

IPCHEE GO02F1/1335 G02F1/1343 G02F1/133

CPCH#E GO02F1/133371 G02F2201/52 G02F2001/134372 G02F1/134363

H A0 FF 3R US7768597

SNEBEEHE Espacenet  USPTO

MWE(R) 07— —

]
NFT—HERERE. £-BRNSE-EREUNR. 2 802 “m L) ’
BRNE-ARERGBES—ERL, S/E—BESRNE_HE <= — [N
BRAHNETE—AfBRAE - AfkaR  FAS MEaRaE [
SABWES | KELRBLLERE | ARBES  HEHanF. B '
Bw, SNE-HOERNE-ROETABEE-RREFASRNG =0
FE-BELRNE-BELR , EHFE-—HELTHHTE , BEw
NAEOHHE D — MRS T5E—He s T hlHe T RE.

Ssseo

e

——
I |§\\:¢§..



https://share-analytics.zhihuiya.com/view/5f8e30e3-c86f-4171-b744-f0dd24280799
https://worldwide.espacenet.com/patent/search/family/039526671/publication/US2008143897A1?q=US2008143897A1
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=%2220080143897%22.PGNR.&OS=DN/20080143897&RS=DN/20080143897

