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7) ABSTRACT

The present invention relates to a liquid crystal display. The
relation of F (permittivity). sg(r) (resistivity) between a
liquid crystal layer, an aligning layer or an overcoat for
preventing poor images is established. An LCD according to
the present invention includes a first panel including a
plurality of devices thereon and an aligning layer formed on
the entire surface thereof, a second panel opposite to the first
panel and including an overcoat and an aligning layer
sequentially formed on the entire surface thereof, and A
liquid crystal layer interposed between the first pane) and the
second panel. It is preferable that the aligning layer, the
liquid crystal layer and the overcoat satisfy the relation (a).
An LCD according to another embodiment includes a first
panel including a plurality of devices thereon and an align-
ing layer formed on the entire surface thereof, a second
panel opposite to the first panel and including an overcoat
and an aligning layer sequentially formed on the entire
surface thereof, and a liquid crystal layer interposed between
the first panel and the second panel. It is preferable that the
liquid crystal and the overcoat satisfy the relation (b).
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001] (a) Field of the Invention

[0002] The present invention relates to a liquid crystal
display, and in particular to a coplanar electrode (“CE”) type
liquid crystal display and a manufacturing method thereof

[0003] (b) Description of the Related Art

[0004] A coplanar electrode (“CE”) type liquid crystal
display (“LCD?) includes a plurality of pixel electrodes and
a plurality of common electrodes provided on one panel. The
CE type LCD drives liquid crystal molecules using horizon-
tal electric field nearly parallel to the panel between the pixel
electrode and the common electrodes, thereby realizing wide
viewing angle.

[0005] In the CE type LCD, a plurality of pixel areas
defined by intersections of a plurality of gate lines and a
plurality of data lines are formed in a matrix form on a thin
film transistor (“TFT”) array panel. Each of pixel areas
includes a switching element electrically connected to one of
the gate lines and one of the data lines, a pixel electrode
electrically connected to the switching element and a com-
mon electrode opposite each other and extending nearly
parallel to the pixel electrode to form horizontal electric
field.

[0006] On a color filter panel opposite to the TFT array
panel, a plurality of color filters of red color R, green color
G or blue color B are provided in pixel areas, and a black
matrix for blocking light leakage between the pixel areas is
provided and an overcoat is formed thereon.

[0007] Insuch an LCD, deterioration of image quality due
to vertical bouncing becomes a serious problem. The vertical
bouncing means that the electric field applied to a liquid
crystal layer for driving the LCD is dynamically distorted
around 60 Hz, which is driving frequency of the LCD, due
to a certain reason, and the liquid crystal molecules are
moves under the influence of the distorted electric field. This
vertical bouncing appears as flicker of screen to deteriorate
image quality.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to prevent
poor images of an LCD.

[0009] To accomplish the object, the relation of E (per-
mittivity) p (resistivity) between a liquid crystal layer, an
aligning layer or an overcoat for preventing poor images is
established so that the bouncing dose not appear.

[0010] In detail, an LCD according to an embodiment of
the present invention includes a first panel including a
plurality of devices thereon and an aligning layer formed on
the entire surface thereof, a second panel opposite to the first
panel and including an overcoat and an aligning layer
sequentially formed on the entire surface thereof, and a
liquid crystal layer interposed between the first panel and the
second panel. It is preferable that the aligning layer, the
liquid crystal layer and the overcoat satisfy the relation
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[0011] Preferably, the first panel further includes a pixel
electrode and a common electrode opposite to the pixel
electrode.

[0012] An LCD according to another embodiment of the
present invention includes a first panel including a plurality
of devices thereon and an aligning layer formed on the entire
surface thereof, a second panel opposite to the first panel and
including an overcoat and an aligning layer sequentially
formed on the entire surface thereof, and a liquid crystal
layer interposed between the first panel and the second
panel. It is preferable that the liquid crystal and the overcoat
satisfy the relation

[0013] Preferably, the first panel further includes a pixel
electrode and a common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates an effective capacitive dielectric
region in a normal LCD.

[0015] FIG. 2 illustrate effective capacitive dielectric
region in an LCD where a vertical bouncing appears.

[0016] FIG. 3 schematically illustrates a system for mea-
suring electrical characteristics of an overcoat.

[0017] FIG. 4 is a graph illustrating the resistances of
TMAH-treated overcoats as function of the treatment times.

[0018] FIG. 5 is a graph illustrating the resistances of
pure-water-treated overcoat as function of treatment times.

[0019] FIG. 6 is a graph illustrating the charged voltage as
function of time for respective TMAH treatment times of
overcoats which did not experience UV treatment.

[0020] FIG. 7 is a graph illustrating the charged voltage as
function of time for respective. TMAH treatment times of
UV-treated overcoats.

[0021] FIG. 8 is a graph illustrating the resistances of an
overcoat before and after TMAH cleaning.

[0022] FIG. 9 is a graph illustrating the charged voltages
as function of time for an overcoat before and after TMAH
cleaning.

[0023] FIG. 10 is a graph illustrating RC value of over-
coats as function of TMAH treatment time.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] Now, the present invention will be described in

detail with reference to the accompanying drawings.

[0025] FIGS. 1 and 2 schematically illustrate L.CDs. FIG.
1 illustrates an effective capacitive dielectric region in a
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normal LCD and FIG. 2 illustrates an effective capacitive
dielectric region in an LCD where bouncing appears.

[0026] As described above, in a CE type LCD, a liquid
crystal layer L.C is disposed between a TFT array panel 100
including a pixel electrode 10 and a common electrode 20
opposite thereto and a color filter panel including a color
filter CF and an overcoat OC. A first and a second aligning
layer PI1 and PI2 for determining the alignment of the liquid
crystal are coated on the TFT array panel 100 and the color
filter panel 200.

[0027] Since the pixel electrode 10 and the common
electrode 20 are formed on the same panel, the electric field
generated therebetween forms an oval curve with respect to
the panel 100, and this aligns the liquid crystal molecules as
shown in FIGS. 1 and 2.

[0028] As shown in FIG. 1, a effective capacitive dielec-
tric region of a normal LCD is a region between the first
aligning layer PI1 and the second aligning layer PI2 includ-
ing the liquid crystal layer LC. The overcoat OC does not
play a part of a capacitive dielectric for electric field applied
to the LCD.

[0029] Examples of main materials forming the overcoat
of an LCD are an acryl-based resin and an epoxy resin, a
curing agent. These materials have resistance ranging sev-
eral kQ to hundreds of k€, which may not work as an
organic insulating layer sufficiently. Thus, the surface of the
overcoat is filled with charges by the electric field applied to
the LCD so that the electric field cannot penetrate into the
inside of the overcoat. The overcoat does not work as a
dielectric of capacitor.

[0030] In the meantime, the resistance of the overcoat
increases through wet processes such as alkali cleaning or
ultra pure water cleaning. The increased resistance increases
the charging time of charges onto the surface of the overcoat
due to the electric field applied to the LCD, thereby making
the overcoat work as a capacitive dielectric for a moment. In
addition, the dielectric constant of a dielectric is changed to
vary the capacitance during the charging. This variation of
capacitance induces the variation of the liquid crystal align-
ment to cause bouncing appearing as a screen flickering

[0031] In detail, a ultra-violet (“UV”) treatment decom-
poses organic material of the surface of the overcoat to
generate impurity such as acids. The penetration of organic
adsorbent such as tetramethylammonium, hydroxide
(“TMAH”) or water used for the process of forming the
aligning layers changes electrical characteristics of the over-
coat, thereby distorting the electric field applied to the LCD.

[0032] In other words, after forming the overcoat, the
impurities are penetrated into polymers composing the
unstable overcoat during the cleaning process. As a result,
the charge carrier mobility of the overcoat is decreased and
the resistance of the overcoat is increased so that the
overcoat also works as capacitive diclectric together with the
liquid crystal.

[0033] Considering this effect, the effective capacitive
dielectric region of a liquid crystal capacitor in the LCD, as
shown in FIG. 2, becomes a region between the first
aligning layer PI1 and the second aligning layer PI2 includ-
ing the liquid crystal layer L.C as well as the overcoat OC.
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As aresult, the electric field applied to the LCD is distorted,
and flicker appears until the distorted field is stabilized.

[0034] Now, the relation between the variation of the
resistance of an overcoat and the charging ratio of the field
is described with reference to an experiment.

[0035] First, the variation of the resistance of an overcoat
and the variation of a capacitance was measured using
TMAH and pure water.

[0036] The experimental condition prepared for measure-
ment is shown in FIG. 3.

[0037] FIG. 3 schematically illustrates a structure of a
panel for the measurement of the electrical characteristics of
an overcoat.

[0038] A pair of electrodes 31 and 32 for the measurement
of the electrical characteristic was formed by depositing and
patterning a Cr/Al alloy layer with 2,500 A thickness. The
length of the electrodes 31 and 32 was 33.8 c¢cm, and the
distance between the electrodes 31 and 32 was 10.28 um.

[0039] After forming an overcoat 40 on the above
described electrodes 31 and 31, the surface of the overcoat
was not treated or was treated by UV and ozone depending
on the experimental condition. Thereafter, the overcoat 40
was wetted in TMAH solution or pure water at respective
times, and then, the resistance R and the capacitance C of the
overcoat 40 were measured.

[0040] FIG. 4 is a graph illustrating the resistances of
TMAH-treated overcoats as function of treatment times, and
FIG. 5 is a graph illustrating the resistances of pure-water-
treated overcoats as function of treatment times.

[0041] Among the pure-water-wetted overcoats, there was
no difference in the resistances of the UV-treated overcoats
and the overcoats that did not experience UV treatment. In
contrast, among the TMAH-wetted overcoats, the resis-
tances of the UV-treated overcoats were larger than those of
the overcoats which did not experience UV treatment.

[0042] When an organic film is subject to UV treatment,
its surface is deformed. The UV treatment results in the
release of fatty carbonic bonds, and ozone or oxygen is
chemically adsorbed in the released bond. As a result, the
surface of the overcoat has a hydrophility.

[0043] Then, when cleaning the overcoat using TMAH,
ion impurity is physically and chemically adsorbed on the
surface of the overcoat, thereby decreasing the mobility of
the electrical charge carriers and increasing the resistance of
the overcoat.

[0044] Accordingly, the UV-treated and TMAH-cleaned
overcoats show drastically different resistances as shown in
FIG. 4.

[0045] Table 1 illustrates the measured resistances R and
the measured capacitances C of overcoats under the respec-
tive conditions in order to examine the effect of TMAH
treatment depending on UV treatment.
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TMAH

Treat-

ment

Time

(min- R (@) C (pB) RC Delay

utes) No UV uv No UV UV No UV uv
0 1.33E+04  2.1E+04 100.0 123.5 1.33E+06 2.59E+06
20 1.19E+04  2.5E+07 2235 2.7 2.66E+06 6.75E+07
40 9.89E+06  2.8E+09 13.0 44.0 1.29E-04 1.23E+11
60 3.84E+09 2.3E+11 74.7 747 2.87E+11 3.91E+12

[0046] The resistances of the UV-treated overcoats are
larger than those of the overcoats which did not experience
UV treatment. Furthermore, the overcoats with longer
TMAH time had larger resistances regardless of UV treat-
ment.

[0047] Meanwhile, the increase of the resistance of the
overcoat works as main factor of RC delay for the field
applied to the liquid crystal layer.

[0048] FIG. 6 is a graph illustrating the charged voltage as
function of time for respective TMAH treatment times of
overcoats which did not experience UV treatment, and FIG.
7 is a graph illustrating the charged voltage as function of
time for respective TMAH treatment times of UV-treated
overcoats.

[0049] The charging times to an expected voltage for the
overcoats which did not experience UV treatment were
relatively short.

[0050] However, an expected voltage for the UV-treated
overcoats was obtained after relatively long times elapsed.
This is the case as the TMAH treatment time becomes
longer. Like this, a stable voltage for a TMAH-treated
overcoat is expected to be obtained after a predetermined
time elapses. Thus indicates the same result as the Table 1.

[0051] To verify this result, the resistances and the charged
voltages before and after TMAH cleaning, which is per-
formed prior to formation of aligning layers, were measured.

[0052] FIG. 8 is a graph illustrating the resistances of an
overcoat before and after TMAH cleaning.

[0053] As expected, the resistance of the overcoat after the
TMAH cleaning is increased.

[0054] FIG. 9 is a graph illustrating the charged voltages
as function of time for an overcoat before and after TMAH
cleaning.

[0055] The charged voltage before the TMAH cleaning of
the overcoat was almost the same as an applied voltage,
while the charged voltage after the TMAH cleaning of the
overcoat was very different from the applied voltage. It can
be seen that this results from the increase of the resistance
of the overcoat after the TMAH cleaning.

[0056] To review the results, it can be certified again that
the physical and chemical characteristics of the surface of
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the overcoat are changed by TMAH treatment, thereby
decreasing the mobility of the electrical charge carriers and
increasing the resistance, thereby decreasing the charging
ratio.

[0057] FIG. 10 is a schematic graph illustrating RC value
of overcoats as function of TMAH treatment time shown in
Table 1. In this graph, a reference line 1 refers to an RC
value of a liquid crystal layer and an aligning layer and a
reference line 2 refers to an RC value of a liquid crystal
layer.

[0058] A panel with a liquid crystal layer and an aligning
layer similar to the panel shown in FIG. 3 for measuring the
electrical characteristics of an overcoat was obtained by
forming the liquid crystal layer and the aligning layer in
sequence instead of forming the overcoat. The RC value of
the liquid crystal layer and the aligning layer indicated by
the reference line 1 was then obtained by measuring R
values and C values of the liquid crystal layer and the
aligning layer. In addition, the RC value of a liquid crystal
layer is obtained by the same manner.

[0059] The bouncing appeared in case that a UV-treated
overcoat was TMAH-treated for 40 minutes or longer, and
in case that an overcoat that was not UV-treated was
TMAH-treated for 60 minutes or longer. It can be seen that
the bouncing in the LCD of the present experiment appears
when the RC value of the overcoat is 1.0E12 (referred to as
one dotted line in the figure).

[0060] Considering the bouncing appears due to the varia-
tion of the capacitive dielectric constants of a liquid crystal
capacitor as described above, it is required to establish the
relation of RC value of an overcoat and RC value of a liquid
crystal layer or an aligning layer.

[0061] Referring to the graph shown in FIG. 10, it can be
inferred that the bouncing appears in the following case:

RClcﬂzl RIOZ (1)
RCoc

[0062] where “l¢”, “al” and “oc¢” are abbreviations of
liquid crystal layer, aligning layer and overcoat, respec-
tively.

[0063] Therefore, the relation for preventing the bouncing
in an LCD is:
RCicra 2
feval 412 2
RCoc
Since
R=p and C= e
Oy et =y
P .
x(C= o XEE = pe.
[0064] Here, p is resistivity, L is length, A is area, € is

dielectric constant, and d is distance.
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[0065] Accordingly, an overcoat, a liquid crystal layer and
an aligning layer of an LCD according to an embodiment of
the present invention satisfy the following relation:

PElctal 1 02, 3)

PEoc

[0066] Furthermore, referring to the graph shown in FIG.
10, it can be seen that the bouncing appears in the following
case:

RC (4)
— 07

RCoe

10°

[0067] Therefore, the relation for preventing the bouncing
in an LCD is:

RCe
RC,

$10° )

[0068] As aresult, it is preferable that the materials satisfy
the following relation:

ps_“¢103 (6)

PEoc

[0069] Referring to the above described relationship, the
bouncing can be improved by decreasing pe of an overcoat
or by increasing pe of a liquid crystal layer or an aligning
layer.

[0070] Table 2 illustrates the bouncing depending on the
value of p of a liquid crystal layer used in an LCD.

TABLE 2
No UV treatment Bouncing
1.0E+12 Strong
1.9E+13 1
3.3E+13 1
1.0E+14 Weak

[0071] As aresult of evaluation of the bouncing in an LCD
depending on p of a liquid crystal layer, the bouncing
disappeared as p of the liquid crystal layer becomes larger.
This is the data verifying the relations (3) and (4).

[0072] As described above, the present invention provides
a relation of € (dielectric permittivity)-p(resistivity) among a
liquid crystal layer, an aligning layer or an overcoat for
preventing poor image quality such as bouncing in an LCD.

[0073] An LCD according to an-embodiment of the
present invention, has a structure with a first panel including
a plurality of devices provided thereon and an aligning layer
formed on the entire surface thereof, a second panel located
opposite the first panel and including an overcoat and an
aligning layer formed in sequence on the entire surface, and
a liquid crystal layer interposed between the first panel and
the second panel. The aligning layer, the liquid crystal layer
and the overcoat satisfy
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[0074] or the liquid crystal layer and the overcoat satisfy
Rclc 3
RCLC¢10'
0075] In this way, the bouncing generated in an LCD can
Y g g

be decreased or eliminated.

[0076] As described above, according to the present
invention, it is possible to prevent a poor image such as
bouncing generated in an LCD by adjusting p or € of an
overcoat, a liquid crystal layer or an aligning layer used for
the LCD.

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

a first panel including a plurality of devices and an
aligning layer formed on the devices;

a second panel opposite to the first panel and including an
overcoat and an aligning layer; and

a liquid crystal layer interposed between the first panel
and the second panel,

wherein the aligning layer, the liquid crystal and the
overcoat satisfy a relation

PéEic+at 61 o2,

2. The liquid crystal display of claim 1, wherein the first
panel further includes a pixel electrode and a common
electrode opposite to the pixel electrode.

3. A liquid crystal display comprising:

a first panel including a plurality of devices and an

aligning layer formed on the devices;

a second panel opposite to the first panel and including an
overcoat and an aligning layer; and

a liquid crystal layer interposed between the first panel
and the second panel,

wherein the liquid crystal and the overcoat satisfy a
relation

RCy. 3
e 108,
RCye

4. The liquid crystal display of claim 3, wherein the first
panel further includes a pixel electrode and a common
electrode opposite to the pixel electrode.

* * * #* #*



LR EH(F)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(ERR)AGE)

FRI& B A

EHA

IPCH %S
CPCH(S
£ AR

H AT 3R
ShEREESE

BEG®)

BB~
US20040012741A1 NI (»&E)B
US10/398480 BiEH

JUNG CHEOL SOO
#KEON KOOK
JOO YOUNG KUIL
KO=HA

CHO YOUNG HWAN
X BEWOO

JUNG CHEOL-SO0
#KEON , KOOK
JOO YOUNG-KUIL
KO%t &

CHO YOUNG-HWAN
SIEES

=EDISPLAY CO., LTD.

JUNG CHEOL SOO
HAN KEON KOOK
JOO YOUNG KUIL
KO JI YONG

CHO YOUNG HWAN
MIN KYUNG WOO

JUNG, CHEOL-SOO
HAN, KEON-KOOK
JOO, YOUNG-KUIL
KO, JI-YONG

CHO, YOUNG-HWAN
MIN, KYUNG-WOO

GO02F1/133 GO2F1/1337 GO2F1/1343 GO2F1/1333
GO02F1/1337 G02F2202/42 GO2F1/134363
1020010047488 2001-08-07 KR

uS6927827

Espacenet USPTO

2004-01-22

2002-08-06

patsnap

RBETRFARASRRBE R, F(NBEHR ) HXR, BEVATHLEEGTRNRESR  NEARRARE ZEBsg (r) (£
X)), REARANLCDERE : F—HR , ELEFESNFEUAREEBNRA LRI ER, E-HR , 55 —EREXN#

BOEEENRELINFERNARENNERENNBEBAESE —R2EHNRBENE R XNEE , REBFMNRELEHZK
AR (a) . BES-—NHHHLCOEHE  F—HR , HLBFES IR URFEREEBNRE LN ER FE-ER , 5E—HER
X B OB EEENRA LINFERNNRENNER, MEAES—EARMNE_ERZENREZ. RBMARELEHZX

AR (b)o


https://share-analytics.zhihuiya.com/view/3b6cd4aa-493a-482a-874a-35e245371530
https://worldwide.espacenet.com/patent/search/family/019712948/publication/US2004012741A1?q=US2004012741A1
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=%2220040012741%22.PGNR.&OS=DN/20040012741&RS=DN/20040012741

Ao

L

=

|




