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(57) ABSTRACT 

Disclosed is a liquid crystal display comprising a ?rst 
substrate including a ?rst electrode; a second substrate 
including a second electrode, the second substrate being 
arranged substantially in parallel With the ?rst substrate and 
With a predetermined gap therebetWeen; a liquid crystal 
layer formed by injecting liquid crystal material betWeen the 
?rst and second substrates, long aXes of liquid crystal 
molecules of the liquid crystal layer being arranged verti 
cally to the ?rst substrate and the second substrate; and ?rst 
and second orientation layers formed on the ?rst substrate 
and the second substrate, respectively, and providing an 
orientation force to the liquid crystal molecules such that the 
long aXes of the liquid crystal molecules are slanted or 
tWisted by 0 to 10°. 
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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. 

[0003] (b) Description of the Related Art 

[0004] Liquid crystal displays (LCDs) typically have a 
structure in Which liquid crystal material is sandWiched 
betWeen tWo substrates. Transparent electrodes are formed 
on inner surface of the substrates. An electric ?eld applied 
to the liquid crystal material, controls the alignment of 
molecules of the liquid crystal material, thereby enabling the 
transmittance of incident light. 

[0005] A tWisted-nematic (TN) LCD includes tWo glass 
substrates Which have transparent electrodes formed on the 
inner surface; liquid crystal material provided betWeen the 
tWo glass substrates to form a liquid crystal layer; and ?rst 
and second polariZing ?lms provided on the outer surface of 
the substrates, the polariZing ?lms acting to polariZe light. In 
a state Where no voltage is applied to the liquid crystal 
material, long aXes of the liquid crystal molecules are 
roughly parallel. HoWever, since the molecules align them 
selves to grooved surfaces of the substrates, by providing the 
substrates such that the grooves on one are perpendicular to 
the grooves on the other, the molecules betWeen the sub 
strates are tWisted by 90 degrees. When a suf?cient electric 
?eld is applied to the liquid crystal layer, the long aXes of the 
liquid crystal molecules rearrange themselves vertically, 
alloWing light to pass through untWisted. 

[0006] HoWever, With the TN liquid crystal display 
described above, light is not completely blocked When a 
voltage is not applied to the liquid crystal material. This is 
particularly true in the normally black mode. Accordingly, a 
loW contrast ratio results. To remedy this problem, a verti 
cally-aligned tWisted-nematic (VA-TN) liquid crystal dis 
play is proposed in US. Pat. No. 3,914,022 (“Eurodisplay 
’93”, pp. 158-9, Takahashi et. al.). 

[0007] With the VA-TN liquid crystal display, in a state 
Where an electric ?eld is not applied to the liquid crystal 
material, the liquid crystal molecules are perpendicular to 
the substrates such that light is completely blocked (together 
With the polariZing ?lms) When a voltage is not applied. That 
is, in a normally black mode, since a brightness of an off 
state is extremely loW, a higher contrast ratio than that of the 
conventional TN liquid crystal display can be obtained. 
HoWever, in the presence of an electric ?eld, the liquid 
crystal molecules are irregularly inclined With respect to the 
substrates. Thus, it creates areas Where the direction of the 
long aXes of some of the liquid crystal molecules conforms 
to the polariZing direction of the ?rst or second polariZing 
?lms. In such areas, the liquid crystal molecules cannot 
induce the rotation of the polariZing direction and the light 
is completely blocked by the polariZing ?lms. Therefore, 
these areas appear as black on the screen, degrading picture 
quality. 

[0008] Aperture patterns are formed on the tWo substrates 
to solve this problem so that the electric ?eld generated 
betWeen the substrates has a predetermined slantto achieve 
regular alignment of the liquid crystal molecules. HoWever, 
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it reduces the electrode area and decreases the intensity of 
the electric ?eld applied to the liquid crystal molecules. 
Accordingly, a response speed of the liquid crystal mol 
ecules is reduced. 

[0009] Further, in order to form the aperture pattern on the 
electrodes of the color ?lter substrate, the electrodes must be 
formed on an organic insulation layer, after Which the 
patterning is performed. This additional process decreases 
productivity. Also, it is dif?cult to design the aperture pattern 
or electrode pattern that can divide the liquid crystal mol 
ecules and align them in various regions While taking into 
account vieWing angle direction. Finally, different piXel 
structures require different designs. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in an effort to 
solve the above problems. 

[0011] It is an object of the present invention to provide a 
liquid crystal display having a Wide vieWing angle. 

[0012] To achieve the above object, the present invention 
provides a liquid crystal display comprising a ?rst substrate 
including ?rst electrodes; a second substrate including sec 
ond electrodes, the second substrate being arranged substan 
tially in parallel With the ?rst substrate and With a prede 
termined gap therebetWeen; a liquid crystal layer formed by 
injecting liquid crystal material betWeen the ?rst and second 
substrates, long aXes of liquid crystal molecules of the liquid 
crystal layer being arranged vertically to the ?rst and second 
substrates; and ?rst and second orientation layers formed on 
the ?rst and second substrates, respectively, and providing 
an orientation force to the liquid crystal molecules such that 
the long aXes of the liquid crystal molecules are slanted or 
tWisted 0 to 10°. 

[0013] According to a feature of the present invention, 
orientation directions of the ?rst and second orientation 
layers are identical. 

[0014] According to another feature of the present inven 
tion, orientation directions of the ?rst and second orientation 
layers are different. 

[0015] According to yet another feature of the present 
invention, the liquid crystal layer has a negative dielectric 
anisotropy. 

[0016] According to still yet another feature of the present 
invention, a polariZing ?lm for polariZing light is provided 
on outer surfaces of each of the ?rst and second substrates. 

[0017] According to still yet another feature of the present 
invention, a light transmission aXis of the polariZing ?lm on 
the ?rst substrate is either perpendicular or parallel to a light 
transmission aXis of the polariZing ?lm on the second 
substrate. 

[0018] According to still yet another feature of the present 
invention, the ?rst electrodes are patterned in a slit con?gu 
ration in a single direction. 

[0019] According to still yet another feature of the present 
invention, the ?rst electrodes are arranged in a direction 
corresponding to an orientation direction of the liquid crystal 
molecules. 
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[0020] According to still yet another feature of the present 
invention, the ?rst electrodes are arranged in a direction that 
is different from an orientation direction of the liquid crystal 
molecules. 

[0021] According to still yet another feature of the present 
invention, an angle betWeen a longitudinal direction of the 
?rst electrodes and the orientation direction of the liquid 
crystal molecules is 0 to 10°. 

[0022] According to still yet another feature of the present 
invention, the ?rst electrodes are pixel electrodes for trans 
mitting image signals, and are formed in each unit pixel area. 

[0023] According to still yet another feature of the present 
invention, the liquid crystal display further comprises thin 
?lm transistors, the thin ?lm transistors including gate lines 
for transmitting scanning signals; data lines for transmitting 
image signals, the data lines being insulated from and 
intersecting the gate lines to form pixel regions; gate elec 
trodes provided at areas Where the gate lines and data lines 
cross, the gate electrodes being connected to the gate lines; 
source electrodes connected to the data lines; and drain 
electrodes connected to the pixel electrodes. 

[0024] According to still yet another feature of the present 
invention, the pixel electrodes are formed on a same layer as 
the gate lines or data lines. 

[0025] According to still yet another feature of the present 
invention, the pixel electrodes are made of a transparent 
conductive material such as indium tin oxide or indium Zinc 
oxide, or are made of a non-transparent conductive material. 

[0026] According to still yet another feature of the present 
invention, the pixel electrodes are arranged in the same 
direction as the data line or gate lines. 

[0027] According to still yet another feature of the present 
invention, protrusions are formed on the ?rst substrate 
and/or the second substrate to provide a pretilt angle to the 
liquid crystal molecules. 

[0028] According to still yet another feature of the present 
invention, an angle betWeen a surface of the protrusions and 
a surface of the ?rst and/or second substrate is 2 to 45°. 

[0029] According to still yet another feature of the present 
invention, the protrusions are formed on corresponding 
areas of the ?rst and second substrates in the case Where the 
protrusions are provided on both substrates. 

[0030] According to still yet another feature of the present 
invention, a chiral additive is included in the liquid crystal 
material forming the liquid crystal layer. 

[0031] According to still yet another feature of the present 
invention, the ?rst and second electrodes are made of a 
transparent conductive material such as indium tin oxide or 
indium Zinc oxide, or are made of a non-transparent con 
ductive material. 

[0032] In another aspect, the present invention provides a 
liquid crystal display comprising a ?rst substrate and a 
second substrate, the second substrate being arranged sub 
stantially in parallel With the ?rst substrate and With a 
predetermined gap therebetWeen; a liquid crystal layer 
formed by injecting liquid crystal material betWeen the ?rst 
and second substrates, long axes of liquid crystal molecules 
of the liquid crystal layer being arranged vertically to the 
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?rst and second substrates at an initial state; and means for 
varying an alignment of the long axes of the liquid crystal 
molecules, Wherein at least tWo adjacent regions With 
respect to a line parallel to the ?rst and second substrates are 
formed by the liquid crystal layer, and the regions are 
formed symmetrically With respect to the line by the means. 

[0033] According to a feature of the present invention, at 
least tWo adjacent regions With respect to a line vertical to 
the ?rst and second substrates are formed by the liquid 
crystal layer, and the regions are formed symmetrically With 
respect to the line by the means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate an 
embodiment of the invention, and, together With the descrip 
tion, serve to explain the principles of the invention: 

[0035] FIGS. 1a and 1b are schematic sectional vieWs of 
a liquid crystal display according to a ?rst preferred embodi 
ment of the present invention; 

[0036] FIG. 2 is a schematic vieW of a thin ?lm transistor 
substrate for a liquid crystal display according to a ?rst 
preferred embodiment of the present invention; 

[0037] FIGS. 3a-4b are schematic vieWs used to describe 
a protrusion pattern of a liquid crystal display according to 
a ?rst preferred embodiment of the present invention; 

[0038] FIG. 5 is a schematic plan vieW of a ?rst and 
second electrode structure according to a second preferred 
embodiment of the present invention; 

[0039] FIGS. 6a-7b are schematic sectional vieWs of a 
liquid crystal display according to a second preferred 
embodiment of the present invention used to describe drive 
principles of the same; and 

[0040] FIG. 8 is a schematic vieW of a thin ?lm transistor 
substrate used by a liquid crystal display according to a 
second preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] Preferred embodiments of the present invention 
Will noW be described in detail With reference to the accom 
panying draWings. 
[0042] FIGS. 1a and 1b are schematic sectional vieWs of 
a liquid crystal display according to a ?rst preferred embodi 
ment of the present invention. 

[0043] As shoWn in the draWings, a loWer glass substrate 
10 and an upper glass substrate 20 are arranged substantially 
in parallel With a predetermined gap therebetWeen, and 
orientation layers 91 and 92 are formed on the loWer and 
upper glass substrates 10 and 20, respectively. Formed on 
inner surfaces of the loWer and upper substrates 10 and 20 
are a ?rst electrode 30 and a second electrode 40, respec 
tively. Further, liquid crystal material is injected betWeen the 
loWer and upper substrates 10 and 20 to form a liquid crystal 
layer 50. 

[0044] Without a voltage applied, long axes of the liquid 
crystal molecules are arranged perpendicular to the sub 
strates 10 and 20 as shoWn in FIG. 1a. HoWever, When a 
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sufficient voltage is applied to the ?rst and second electrodes 
30 and 40, the orientation layers 91 and 92 tWist the liquid 
crystal molecules in the direction as shoWn in FIG. 1b. The 
arroWs (—>) in FIG. 1b indicate an orientation direction. 
When a voltage is not applied to the ?rst and second 
electrodes 30 and 40, the orientation layers 91 and 92 may 
be designed to arrange the liquid crystal molecules perpen 
dicular to the substrates 10 and 20. 

[0045] The ?rst and second electrodes 30 and 40 can be a 
transparent conductive material such as indium tin oxide 
(ITO) or indium Zinc oxide (IZO), or can be a non-trans 
parent conductive material. A polariZing ?lm (not shoWn) 
for polariZing light can be attached to outer surfaces of each 
of the substrates 10 and 20. It is preferable that a light 
transmission axis of the polariZing ?lm provided on the 
loWer glass substrate 10 is perpendicular to a light trans 
mission axis of the polariZing ?lm provided on the upper 
glass substrate 20. HoWever, it is possible for the light 
transmission axes of the polariZing ?lms to be parallel. 

[0046] Generally, the ?rst electrode 30 is a pixel electrode 
for applying a different data signal to each pixel, and the 
second electrode 40 is a common electrode for applying a 
common signal to all the pixels. Further, one terminal of 
each pixel electrode is connected to a sWitching element 
such as a thin ?lm transistor. A thin ?lm transistor is 
provided in each pixel region. This structure Will be 
described in more detail hereinbeloW. 

[0047] The liquid crystal material of the liquid crystal 
layer 50 has a dielectric anisotropy As of less than 0. For the 
liquid crystal material, it is possible to use a nematic liquid 
crystal material, a chiral nematic liquid crystal material, or 
a liquid crystal material having mixed therein a dextrorota 
tory or levorotatory chiral additive. 

[0048] As shoWn in FIG. 1a, When a voltage is not 
applied, the long axes of the liquid crystal molecules of the 
liquid crystal layer 50 are arranged perpendicular to the 
substrates 10 and 20 as a result of the orienting force of the 
orientation layers 91 and 92 and/or a result of the intrinsic 
characteristic of the liquid crystal material. At this time, light 
passing through the loWer glass substrate 10, liquid crystal 
layer 50, and upper glass substrate 20 is not polariZed, and 
instead passes straight through these elements. 

[0049] If the light transmission axes of the tWo polariZing 
?lms are parallel, the light passes through the polariZing 
?lms Without altering its polariZing direction, rendering a 
White state. HoWever, if the light transmission axes of the 
polariZing ?lms provided on the outside surfaces of the 
substrates 10 and 20 are arranged perpendicular to one 
another, the light is blocked by the polariZing ?lms such that 
a dark state results. At this time, since a completely dark 
state is displayed by the normally black mode LCD, Which 
operates to display a dark state When no voltage is applied, 
a high contrast ratio is obtained and a ?lm for realiZing a 
dark state is not needed. 

[0050] As shoWn in FIG. 1b, if a suf?cient voltage is 
applied to the ?rst and second electrodes 30 and 40, an 
electric ?eld that is perpendicular to the substrates 10 and 20 
is formed therebetWeen. At this time, since the liquid crystal 
layer 50 has a negative dielectric anisotropy, the long axes 
of the liquid crystal molecules attempt to align themselves 
perpendicular to the electric ?eld. HoWever, since the ori 
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entation force of the orientation layers 91 and 92 is greater 
than the force of the electric ?eld in areas close to the tWo 
substrates 10 and 20, the liquid crystal molecules in these 
regions attempt to maintain their original positions. Accord 
ingly, the direction of the liquid crystal molecules varies 
continuously in an attempt to realiZe an equilibrium betWeen 
the force of the electric ?eld and the force of the orientation 
layers 91 and 92. 

[0051] Accordingly, as shoWn in FIG. 1b, the liquid 
crystal molecules are slanted or tWisted such that the liquid 
crystal molecules are arranged symmetrically on both sides 
of a center line B to form tWo regions, the center line B being 
positioned at approximately a center location betWeen the 
tWo substrates 10 and 20 and parallel to the same. As a result, 
a phase retardation of the light passing through the liquid 
crystal layer 50 is symmetrically compensated for so that the 
vieWing angle is increased. 

[0052] The liquid crystal molecules can form a non 
moving layer at the center line B. That is, the liquid crystal 
molecules are symmetrically arranged on both sides of the 
center line B, and the light transmitted diagonally With 
respect to the center line B folloWs paths realiZed by the 
identical arrangement of the liquid crystal molecules. As a 
result, a retardation of the light is also roughly identical in 
all areas such that a Wide vieWing angle is achieved. 

[0053] A unit pixel structure of a thin ?lm transistor 
substrate for a LCD in Which the ?rst and second electrodes 
30 and 40 are respectively a pixel electrode and a common 
electrode Will noW be described With reference to FIG. 2. 

[0054] As shoWn in the draWing, formed on a thin ?lm 
transistor substrate for an LCD are a plurality of gate lines 
60 for transmitting scanning signals, and a plurality of data 
lines 70 for transmitting image signals. The gate lines 60 
intersect the data lines 70 to form pixel regions, the gate 
lines 60 being insulated from the data lines 70. A thin ?lm 
transistor (TFT) is provided at areas Where the gate lines 60 
and data lines 70 cross. Each TFT includes a gate electrode 
61, a source electrode 71 that is connected to a data line 70, 
a drain electrode 72, and a semiconductor layer 80. 

[0055] Formed in each pixel region is a pixel electrode 30 
that is electrically connected to a corresponding drain elec 
trode 72 to transmit image signals. The pixel electrodes 30 
can be formed both on the same layer as the elements 60 and 
61 or the elements 70, 71, and 72, or on a separate layer. 
Also, the pixel electrodes 30 can be a transparent conductive 
material such as indium tin oxide (ITO) or indium Zinc oxide 
(IZO), or can be a non-transparent conductive material. In 
addition, an insulation layer made of silicon nitride, silicon 
oxide, or an organic insulating material can be provided 
betWeen the elements 60, 61, 70, 71 and 72, and the pixel 
electrode 30. 

[0056] In order to obtain a greater and more uniform 
vieWing angle, it is preferable that the direction of arrange 
ment of the liquid crystal molecules is different in each pixel 
or small region. Protrusions are used in the present invention 
for this purpose. 

[0057] FIGS. 3a-4b are schematic vieWs used to describe 
a protrusion pattern of the liquid crystal display. FIGS. 3a 
and 4a shoW a plan vieW of the arrangement of the liquid 
crystal molecules 51 as a result of a protrusion pattern, and 
FIGS. 3b and 4b shoW sectional vieWs of the LCD and 
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correspond respectively to FIGS. 3a and 4a. In FIGS. 3a 
and 3b, protrusions are formed on only one of the tWo 
substrates 10 and 20, While in FIGS. 4a and 4b, protrusions 
are formed on both the substrates 10 and 20. The pixel 
electrode 30 and the common electrode 40 do not appear in 
FIGS. 3a-4b. 

[0058] As shoWn in the drawings, protrusions 100 are 
randomly formed on either or both of the substrates 10 and 
20. The orientation layers 91 and 92 are formed over the 
protrusions 100. At a predetermined distance from the 
protrusions 100, long axes of the liquid crystal molecules 51 
are perpendicular to the substrates 10 and 20. HoWever, at 
areas approaching the protrusions 100, the long axes of the 
liquid crystal molecules 51 align themselves to be perpen 
dicular to surfaces of the protrusions 100 rendering a pre-tilt 
arrangement. Accordingly, When vieWed from an opposing 
side of the substrates 10 and 20 on Which the protrusions 100 
are formed as in FIGS. 3a and 4a, the liquid crystal 
molecules 51 extend outWardly in all directions at each 
protrusion 100. 

[0059] The protrusions 100 can be made of silicon nitride, 
silicon oxide, or an organic insulating material. When the 
protrusions 100 are made of an organic insulating material, 
the protrusions 100 can be formed using only one photo 
graphic process. The protrusions 100 may be formed on top 
of the electrodes 30 and 40 of FIGS. 1a and 1b. Also, When 
the protrusions 100 are formed on both the substrates 10 and 
20, the protrusions 100 may be formed at either correspond 
ing or different locations on the substrates 10 and 20. The 
protrusions 100 may be formed at different intervals and 
siZes. Preferably, there are from several to several tens of 
protrusions 100 formed in each pixel region. 

[0060] To obtain a pretilt angle, it is preferable that an 
angle of inclination 0 of a surface of the protrusions 100 is 
from betWeen 2 to 45° With respect to a surface of the 
substrates 10 and 20. Further, some of the liquid crystal 
molecules 51 may be non-uniformly arranged as shoWn in 
FIG. 4b. A dextrorotatory or levorotatory chiral additive 
may be included in the liquid crystal material so that the 
liquid crystal molecules 51 uniformly arrange When a volt 
age is applied. 

[0061] In the liquid crystal display of the present described 
above, a uniform vieWing angle can be obtained as a result 
of the projecting arrangement of the liquid crystal molecules 
51 at the protrusions 100. Accordingly, since there are no 
areas Where the brightness abruptly decreases regardless of 
the angle from Which the display is vieWed, gray inversion 
problems are not encountered. Further, since a rubbing 
process to obtain a partitioned orientation of the liquid 
crystal molecules 51 is not required, defects arising from the 
rubbing process can be avoided. 

[0062] The pixel electrodes 30 formed on the loWer sub 
strate 10 can be formed in a slit con?guration so that a fringe 
?eld is generated When a voltage is applied. It is preferable 
that a direction of arrangement of the pixel electrodes 30 is 
identical to the orientation direction. This Will be described 
in more detail hereinbeloW. 

[0063] FIG. 5 shoWs a schematic plan vieW of a ?rst and 
second electrode structure according to a second preferred 
embodiment of the present invention. 

[0064] As With the ?rst embodiment, reference numeral 30 
indicates a ?rst electrode, a plurality of Which are uniformly 
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formed on one substrate, and reference numeral 40 indicates 
a second electrode, a plurality of Which are formed on an 
opposing substrate. ArroWs (---->, —>) indicate an orienta 
tion direction for slanting or tWisting long axes of the liquid 
crystal molecules 51 from their perpendicular arrangement 
betWeen the substrates 10 and 20 When a suf?cient voltage 
is applied to the ?rst and second electrodes 30 and 40. As 
shoWn in FIG. 5, the orientation direction of the long axes 
of the liquid crystal molecules 51 corresponds to a longitu 
dinal direction of the ?rst electrode 30 (vertical in the 
draWing). Here, it is possible for all the orientation direc 
tions (---->, —>) to be Within 0-10° from the longitudinal 
direction of the ?rst electrode 30, and they can all be 
identical or a mixed variety of angles Within this range. 

[0065] Astructure of the ?rst and second electrodes 30 and 
40 described above, and that of a liquid crystal display 
according to a second preferred embodiment of the present 
invention Will noW be described With reference to FIGS. 
6a-7b. Because of the similarity of structure betWeen the 
?rst and second embodiments, the same reference numerals 
are used. FIGS. 6a and 6b are sectional vieWs of a liquid 
crystal display in Which the LCD is cut along a direction 
perpendicular to vieWing direction 1 of FIG. 5, and FIGS. 
7a and 7b are sectional vieWs of a liquid crystal display in 
Which the LCD is cut along a direction perpendicular to 
vieWing direction 2 of FIG. 5. FIGS. 6a and 7a shoW an 
alignment state of the liquid crystal molecules 51 When no 
voltage is applied to the ?rst and second electrodes 30 and 
40. FIGS. 6b and 7b shoW an alignment state of the liquid 
crystal molecules 51 When a suf?cient voltage is applied to 
the ?rst and second electrodes 30 and 40. 

[0066] As described above, the ?rst and second embodi 
ments are similar in structure. HoWever, as shoWn in FIG. 
5, the ?rst electrodes 30 of the second embodiment are 
formed on the loWer substrate 10 at a predetermined Width 
and extending the length of the loWer substrate 10, and at 
predetermined intervals. The symbols (D and —> in FIGS. 
6a-7b indicate an orientation direction. 

[0067] In the second embodiment, as With the ?rst 
embodiment, the ?rst electrodes 30 are pixel electrodes for 
applying a different data signal to each pixel, and the second 
electrodes 40 are common electrodes for applying a com 
mon signal to all the pixels. It is preferable that each of a 
Width and interval of the ?rst electrodes 30 is 3-7 pm. 

[0068] The operation of the LCD of the second preferred 
embodiment of the present invention Will noW be described. 

[0069] As shoWn in FIGS. 6a and 7a, When a voltage is 
not applied, the long axes of the liquid crystal molecules 51 
of the liquid crystal layer 50 are arranged perpendicular to 
the substrates 10 and 20 as a result of the orienting force of 
the orientation layers 91 and 92 and/or a result of the 
intrinsic characteristic of the liquid crystal material. Accord 
ingly, the same effects as in the ?rst embodiment are 
realiZed. 

[0070] As shoWn in FIGS. 6b and 7b, if a suf?cient 
voltage is applied to the ?rst and second electrodes 30 and 
40, an electric ?eld that is substantially perpendicular to the 
substrates 10 and 20 is formed therebetWeen, and fringe 
?elds are formed betWeen the ?rst electrodes 30. That is, a 
?rst electric ?eld E1 is formed perpendicular to the ?rst and 
second substrates 10 and 20, and. betWeen the ?rst and 
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second electrodes 30 and 40. However, at locations corre 
sponding to the gaps betWeen the ?rst electrodes 30, a 
second electric ?eld E2 that is skeWed from the direction 
perpendicular to the substrates 10 and 20 is formed. 

[0071] At this time, since the liquid crystal layer 50 has a 
negative dielectric anisotropy, the long aXes of the liquid 
crystal molecules 51 attempt to align themselves perpen 
dicular to the electric ?eld. HoWever, since the orientation 
force of the orientation layers 91 and 92 is greater than the 
force of the electric ?eld in areas in proximity to the tWo 
substrates 10 and 20, the liquid crystal molecules 51 in these 
regions attempt to maintain their original positions. Accord 
ingly, the direction of the liquid crystal molecules 51 varies 
continuously in an attempt to realiZe an equilibrium betWeen 
the force of the electric ?eld and the force of the orientation 
layers 91 and 92. 

[0072] As a result, as shoWn in FIGS. 6b and 7b, the liquid 
crystal molecules 51 are arranged in different con?gurations 
according to a vieWing direction. With reference to FIG. 6b, 
because of the intervals betWeen the ?rst electrodes 30, the 
electric ?eld betWeen tWo adjacent ?rst electrodes 30 is 
slanted inWardly When observed from vieWing direction 1. 
This leads to the liquid crystal molecules 51 being sym 
metrically arranged about a center line A betWeen tWo ?rst 
electrodes 30, and tWo regions of symmetrically arranged 
liquid crystal molecules 51 being formed betWeen adjacent 
?rst electrodes 30. As a result, as shoWn in FIG. 6b, a phase 
retardation of the light passing through the liquid crystal 
layer 50 is symmetrically compensated for so that the 
vieWing angle is increased. 

[0073] Referring noW to FIG. 7b, When observed from 
vieWing direction 2 of FIG. 5, the liquid crystal molecules 
51 are slanted or tWisted such that the liquid crystal mol 
ecules 51 are arranged symmetrically on both sides of a 
center line B to form tWo regions, the center line B being 
positioned at approximately a center location betWeen the 
tWo substrates 10 and 20 and parallel to the same. As a result, 
a phase retardation of the light passing through the liquid 
crystal layer 50 is symmetrically compensated for so that the 
vieWing angle is increased. 

[0074] The liquid crystal molecules 51 can form a non 
moving layer at the center line B. That is, the liquid crystal 
molecules 51 are symmetrically arranged on both sides of 
the center line B, and the light transmitted diagonally With 
respect to the center line B folloWs paths realiZed by the 
identical arrangement of the liquid crystal molecules. As a 
result, a retardation of the light is also roughly identical in 
all areas such that a Wide vieWing angle is achieved. 

[0075] A unit piXel structure of a thin ?lm transistor 
substrate for an LCD of the second embodiment in Which the 
?rst and second electrodes 30 and 40 are respectively a piXel 
electrode and a common electrode Will noW be described 
With reference to FIG. 8. 

[0076] The TFT substrate according to the second embodi 
ment is substantially the same as the ?rst embodiment. 
HoWever, the ?rst electrodes 30, Which are formed in each 
piXel region and electrically connected to a corresponding 
drain electrode 72 to transmit image signals, have a slit 
structure as described above. The ?rst electrodes 30 (pixel 
electrodes) are connected to a corresponding drain electrode 
72 via a piXel electrode line 32. The ?rst electrodes 30 can 
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be formed in either the horiZontal or vertical direction (in the 
draWing), and at different directions in each piXel regions. 

[0077] In the liquid crystal display of the present invention 
described above, vertically-aligned liquid crystal molecules 
are oriented in the same direction or form tWo symmetrical 
regions on both sides of a center line betWeen the tWo 
substrates such that there is a symmetrical compensation in 
the retardation of transmitted light, thereby obtaining a Wide 
vieWing angle. Also, as a result of the projections, a uniform 
vieWing angle is obtained and gray inversion problems are 
avoided. 

[0078] Although preferred embodiments of the present 
invention have been described in detail hereinabove, it 
should be clearly understood that many variations and/or 
modi?cations of the basic inventive concepts herein taught 
Which may appear to those skilled in the present art Will still 
fall Within the spirit and scope of the present invention, as 
de?ned in the appended claims. 

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

a ?rst substrate including a ?rst electrode; 

a second substrate including a second electrode, said 
second substrate being arranged substantially in paral 
lel With said ?rst substrate and With a predetermined 
gap therebetWeen; 

a liquid crystal layer formed by injecting liquid crystal 
material betWeen said ?rst substrate and said second 
substrate, long aXes of liquid crystal molecules of said 
liquid crystal layer being arranged vertically to said 
?rst substrate and said second substrate; 

a ?rst orientation layer formed on said ?rst substrate, and 
arranging the liquid crystal molecules such that the 
long aXes of the liquid crystal molecules are slanted or 
tWisted by 0 to 10; and 

a second orientation layer formed on said second substrate 
and arranging the liquid crystal molecules such that the 
long aXes of the liquid crystal molecules are slanted or 
tWisted by 0 to 10°. 

2. The liquid crystal display of claim 1, Wherein orienta 
tion directions of said ?rst orientation layer and said second 
orientation layer are identical. 

3. The liquid crystal display of claim 1, Wherein orienta 
tion directions of said ?rst orientation layer and said second 
orientation layer are different. 

4. The liquid crystal display of claim 1, Wherein the liquid 
crystal layer has a negative dielectric anisotropy. 

5. The liquid crystal display of claim 1, Wherein a 
polariZing ?lm for polariZing light is provided on outer 
surfaces of each of said ?rst substrate and said second 
substrate. 

6. The liquid crystal display of claim 5, Wherein a light 
transmission aXis of polariZing ?lm on said ?rst substrate is 
either perpendicular to or parallel to a light transmission aXis 
of polariZing ?lm on said second substrate. 

7. The liquid crystal display of claim 1, Wherein the ?rst 
electrode is patterned in a slit con?guration in a single 
direction. 

8. The liquid crystal display of claim 7, Wherein the ?rst 
electrode is arranged in a direction corresponding to an 
orientation direction of the liquid crystal molecules. 
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9. The liquid crystal display of claim 7, wherein the ?rst 
electrode is arranged in a direction that is different from an 
orientation direction of the liquid crystal molecules. 

10. The liquid crystal display of claim 9, Wherein an angle 
betWeen a longitudinal direction of the ?rst electrode and the 
orientation direction of the liquid crystal molecules is 0 to 
10°. 

11. The liquid crystal display of claim 10, Wherein the ?rst 
electrode is a pixel electrode for transmitting image signals, 
and is formed in each unit pixel area. 

12. The liquid crystal display of claim 11, further corn 
prising a thin ?lrn transistor, the thin ?lrn transistor including 
a gate line for transmitting scanning signals; a data line for 
transmitting image signals, and being insulated from and 
intersecting the gate lines to form a pixel region; a gate 
electrode provided at areas Where the gate line and the data 
line cross, and being connected to the gate lines; a source 
electrode connected to the data line; and a drain electrode 
connected to the pixel electrode. 

13. The liquid crystal display of claim 12, Wherein the 
pixel electrode is formed on a same layer as the gate line or 
the data line. 

14. The liquid crystal display of claim 12, Wherein the 
pixel electrode is made of a transparent conductive material 
such as indiurn tin oxide or indiurn Zinc oxide, or are made 
of a non-transparent conductive material. 

15. The liquid crystal display of claim 12, Wherein the 
pixel electrode is arranged in the same direction as the data 
line or the gate line. 

16. The liquid crystal display of claim 1, Wherein protru 
sions are formed on the ?rst substrate and/or the second 
substrate to provide a pretilt angle to the liquid crystal 
molecules. 

17. The liquid crystal display of claim 16, Wherein an 
angle betWeen a surface of the protrusions and a surface of 
the ?rst and/or second substrate is 2 to 45°. 
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18. The liquid crystal display of claim 17, Wherein the 
protrusions are formed on corresponding areas of the ?rst 
substrate and the second substrate When the protrusions are 
provided on both substrates. 

19. The liquid crystal display of claim 1, Wherein a chiral 
additive is added in the liquid crystal rnaterial forming the 
liquid crystal layer. 

20. The liquid crystal display of claim 1, Wherein the ?rst 
electrode and the second electrode are made of a transparent 
conductive material such as indiurn tin oxide or indiurn Zinc 
oxide, or are made of a non-transparent conductive material. 

21. A liquid crystal display, comprising: 
a ?rst substrate and a second substrate, the second sub 

strate being arranged substantially in parallel With the 
?rst substrate and With a predetermined gap therebe 
tWeen; 

a liquid crystal layer formed by injecting liquid crystal 
material between the ?rst substrate and the second 
substrate, long axes of liquid crystal molecules of the 
liquid crystal layer being arranged vertically to the ?rst 
and second substrates at an initial state; and 

means for varying an alignment of the long axes of the 
liquid crystal rnolecules, 

Wherein at least tWo adjacent regions With respect to a line 
parallel to the ?rst substrate and the second substrate 
are formed by the liquid crystal layer, and the regions 
are formed syrnrnetrically With respect to the line by 
said means. 

22. The liquid crystal display of claim 21, Wherein at least 
tWo adjacent regions With respect to a line vertical to the ?rst 
substrate and the second substrate are formed by the liquid 
crystal layer, and the regions are formed syrnrnetrically With 
respect to the line by the said means. 

* * * * * 


