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(57) ABSTRACT

An in-plane-switching liquid crystal display unit has a
two-dimensional matrix of pixel regions each including a
first auxiliary region and a second auxiliary region. When no
electric field is applied, liquid crystal molecules in the first
and second auxiliary regions are directed in respective
orientations that lie at 90° with respect to each other. When
a voltage is applied, the liquid crystal molecules are rotated
in the same direction while maintaining their orientations in
the first and second auxiliary regions at 90° with respect to
each other. Alternatively, the liquid crystal molecules in the
first and second auxiliary regions are directed in the same
orientation when no electric field is applied, and when a
voltage is applied, the liquid crystal molecules are rotated
opposite directions while maintaining their orientations in
symmetric relationship.
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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY UNIT HAVING TINTING
COMPENSATION

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display unit, and more particularly to an in-plane-switching
(IPS) active-matrix liquid crystal display unit.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display (LCD) units are generally
characterized by low-profile shapes, lightweight structures,
and low-power requirements. Particularly, active-matrix liq-
uid crystal display (AM-LCD) units which comprise a
two-dimensional matrix of pixels energizable by active
devices are highly promising as high-image-quality flat
panel displays. Among those active-matrix liquid crystal
display units which are finding widespread use are thin-film-
transistor liquid crystal display (TFT-LCD) units which
employ thin-film transistors (TFT5) used as active devices
for switching individual pixels.

[0005] Conventional AM-LCD units utilize a twisted-
nematic (TN) electrooptical effect, and comprise a liquid
crystal layer sandwiched between two substrates. The liquid
crystal layer is activated when an electric field is applied
substantially perpendicularly to the substrates.

[0006] U.S. Pat. No. 3,807,831 discloses an in-plane-
switching liquid crystal display unit having a liquid crystal
layer which is activated when an electric field is applied
substantially parallel to two substrates which sandwich the
liquid crystal layer therebetween, the liquid crystal display
unit including interleaved arrays of alternate parallel elec-
trodes.

[0007] Japanese patent publication No. 21907/88 reveals
an AM-LCD unit based on a TN electrooptical effect and
including interleaved or interdigitating arrays of alternate
parallel electrodes for the purpose of reducing parasitic
capacitance between a common electrode and a drain bus
line or between a common electrode and a gate bus line.

[0008] FIG. 1 of the accompanying drawings shows a
conventional in-plane-switching liquid crystal display unit.
The illustrated conventional liquid crystal display unit com-
prises a liquid crystal layer sandwiched between two glass
substrates 11, 12, and interdigitating arrays of alternate
parallel electrodes 70 mounted on one of the glass substrates
11. When a voltage is applied between the electrodes 70, a
liquid crystal activating electric field E1 is generated parallel
to the glass substrates 11, 12 and perpendicularly to the
interdigitating teeth of the electrodes 70 for thereby chang-
ing the orientation of liquid crystal molecules 21. Therefore,
the application of the voltage between the electrodes 70 is
effective to control the transmittance of light through the
liquid crystal layer. The term “the orientation of liquid
crystal molecules” used in this specification means the
direction of the longer axis of liquid crystal molecules.

[0009] With the in-plane-switching liquid crystal display
unit shown in FIG. 1, it is necessary that when the voltage
is applied, the liquid crystal molecules be rotated in a certain
direction in order to achieve stable displays. To meet such a
requirement, it is customary to initially orient the liquid
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crystal molecules in a direction that is slightly shifted from
a direction perpendicular to the liquid crystal activating
electric field. Specifically, the liquid crystal molecules are
initially oriented at an angle of ¢; . (<90°) with respect to
a direction perpendicular to the parallel pairs of the inter-
digitating teeth of the electrodes. In the specification, the
direction of the electric field and the orientation of the liquid
crystal molecules will be described in the range of from -90°
to 90° (the counterclockwise direction being positive) with
respect to a reference direction (¢=0) which is perpendicular
to the parallel pairs of the interdigitating teeth of the
electrodes. As described later on, in order to accomplish
sufficient display contrast, it is necessary to rotate the liquid
crystal molecules 45° from the initial orientation. Therefore,
it is preferable to orient the liquid-crystal molecules at an
angle of ¢; o in the range of 45°=¢, o <90° In the
in-plane-switching liquid crystal display unit shown in FIG.
1, the initial orientation of the liquid crystal molecules is
slightly shifted clockwise (as viewed from the upper sub-
strate 12) from the parallel pairs of the interdigitating teeth
of the electrodes. When the voltage is applied, therefore, the
liquid crystal molecules are rotated clockwise as indicated
by the arrows.

[0010] The transmittance T of light passing through the
liquid crystal cell shown in FIG. 1 which is sandwiched
between two confronting polarizers whose axes of polariza-
tion transmission (directions of polarization) are perpen-
dicular to each other is expressed by the following equation

(X

7= st - ¢Lc)}sin2(”i"d] W

[0011] where ¢, - represents the orientation of the liquid
crystal molecules when a voltage is applied thereto, ¢p the
direction of the axis of transmission of the polarizer on
which the light falls, An the refractive index anisotropy of
the liquid crystal layer, d the thickness of the cell (the
thickness of the liquid crystal layer, and A the wavelength of
the light. The direction ¢ , of the axis of transmission of the
polarizer from which the light exits is expressed by ¢ ,=¢p+
90° or ¢ ,=¢»=-90°. It is possible to control the transmittance
of the light by varying the orientation ¢; . of the liquid
crystal molecules with a liquid crystal activating electric
field parallel to the substrates based on the above equation
(1). If the direction of the axis of transmission of one of the
polarizers and the initial orientation of the liquid crystal
molecules are in agreement with each other (¢ co=¢p or
¢r.co=94), then the liquid crystal display unit is brought into
a dark display state when no voltage is applied. If the
orientation of the liquid crystal molecules is rotated sub-
stantially 45° under a liquid crystal activating electric field,
then the transmittance becomes highest, and the liquid
crystal display unit is brought into a bright display state. Of
course, the polarizers may be so arranged that the liquid
crystal display unit will be brought into a dark display state
when a voltage is applied.

[0012] Tt has been assumed for the sake of brevity that the
liquid crystal molecules in the liquid crystal layer between
the upper and lower substrates are uniformly rotated. Dis-
cussions based on such a simplified model do not essentially
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affect the principles of the present invention. Actually,
however, those liquid crystal molecules which are held in
contact with the surfaces of the upper and lower substrates
are relatively firmly fixed in position, and do not basically
change their orientation, whereas those liquid crystal mol-
ecules which are positioned nearly intermediate between the
upper and lower substrates change their orientation to a
greater extent. In view of these practical considerations, the
in-plane angle ¢, . through which the liquid crystal mol-
ecules rotate under an applied electric field is represented as
a function of coordinates in the transverse direction of the
liquid crystal layer.

[0013] In order to accomplish sufficient display contrast,
the orientation of the liquid crystal molecules may be rotated
substantially 45° in the entire liquid crystal layer. However,
for the reasons described above, the liquid crystal molecules
which are positioned nearly intermediate between the upper
and lower substrates are actually rotated more than 45°.

[0014] Published Japanese translation No. 505247/93 of a
PCT international publication (International publication No.
W091/10936) describes improvements of angle of view
characteristics, which have been poor in TN liquid crystal
display devices, achieved by the in-plane-switching liquid
crystal display unit. Because of their excellent angle of view
characteristics, in-plane-switching active-matrix liquid crys-
tal display units have recently been considered as a candi-
date for large-size display monitors.

[0015] FIG. 2 of the accompanying drawings shows the
transmittance of the liquid crystal display unit shown in
FIG. 1 as it varies when the applied voltage is changed, with
respect to various observational directions in which the
liquid crystal display unit is observed. The observational
directions are defined as ¢_,, and 0, where ¢_, . is an angle
of orientation with respect to a direction perpendicular to the
direction of the electrodes and O, is an angle of tilt from a
direction perpendicular to the substrates. A sample liquid
crystal cell used in obtaining the measurements shown in
FIG. 2 was arranged such that ¢; =85°, ¢$.=85° and
¢ ,=—5°. The sample liquid crystal cell had interdigitating
arrays of alternate parallel electrodes, including interdigi-
tating teeth each having a width of 5 ggm with adjacent ones
of the interdigitating teeth being spaced 15 um from each
other. The sample liquid crystal cell had a liquid crystal
material whose refractive index anisotropy An is 0.067. The
sample liquid crystal cell had a thickness of 4.9 ym. It can
be seen from FIG. 2 that the transmittance does not change
largely depending on the observational direction. Therefore,
the in-plane-switching liquid crystal display unit shown in
FIG. 1 has excellent angle of view characteristics.

[0016] However, the in-plane-switching liquid crystal dis-
play unit shown in FIG. 1 suffers a problem in that displayed
images may look bluish or reddish to a viewer depending on
the observational direction.

[0017] FIG. 3 of the accompanying drawings shows the
transmittance of the liquid crystal display unit shown in
FIG. 1 as it varies with the wavelength with respect to
various observational directions when the liquid crystal
display unit is brought into a bright display state. The
measurements shown in FIG. 3 were obtained from the
same liquid crystal cell as the one used to obtain the
measurements shown in FIG. 2. In the liquid crystal cell, the
orientation ¢; . of the liquid crystal molecules is 40° because
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when the liquid crystal cell is brought into a bright display
state, i.e., when a voltage is applied, the orientation ¢; o
changes about 45° from the initial orientation ¢y ~o=85°. It
can be understood from FIG. 3 that when the liquid crystal
cell is brought into a bright display state, the peak of the
transmission spectrum at the observational direction ¢, =
40° is shifted toward shorter wavelengths, making displayed
images bluish, and the peak of the transmission spectrum at
the observational direction ¢, =-50° is shifted toward
longer wavelengths, making displayed images reddish. The
same tendency was observed at those observational direc-
tions which are 180° spaced from the above observational
directions.

[0018] As described above, while the in-plane-switching
liquid crystal display unit has much better characteristics
than the conventional TN liquid crystal display units with
regard to display contrast and freedom from gradation
reversal, it suffers the problem of tilts depending on the
observational direction.

[0019] In the above liquid crystal cell, the liquid crystal
molecules are directed at the initial orientation ¢; =85° in
the absence of any applied voltage. When a voltage is
applied to bring the liquid crystal cell into a bright display
state, the orientation ¢, ~ of the liquid crystal molecules is
40° because the orientation ¢, ~ changes about 45° from the
initial orientation ¢;~,=85° The direction in which dis-
played images look bluish to the viewer corresponds to this
orientation ¢; of the liquid crystal molecules, and the
direction in which displayed images look reddish to the
viewer corresponds to the orientation perpendicular to the
orientation ¢, . In a display mode based on birefringence, as
achieved by the above liquid crystal cell, light having a
wavelength which satisfies the relationship of An-d=A/2
passes most efficiently through the liquid crystal cell, as can
be seen from the equation (1). The tinting depending on the
angle of view, 1.e., the angle at which the liquid crystal cell
is observed, is caused by the dependency of the birefrin-
gence (An-d) of the liquid crystal layer on the angle of view.

[0020] The dependency of the birefringence of the liquid
crystal layer on the angle of view will be described in detail
below.

[0021] Tt is assumed that the angle formed between the
direction of travel of light and the longitudinal direction of
liquid crystal molecules is represented by 6., the refractive
index with respect to an ordinary ray of light which is
vibrated (polarized) in a direction perpendicular to a direc-
tion called the optic axis of crystal is represented by n_, and
the refractive index with respect to an extraordinary ray of
light which is vibrated (polarized) parallel to the optic axis
is represented by n,. Effective refractive index anisotropy
An' when light is obliquely applied to the liquid crystal cell
is given by the following equation (2):

gty 2)

—_— g,
y necostl + 11,8126,

An' =

[0022] When light is applied perpendicularly to the liquid
crystal cell, since 0,=90° the effective refractive index
anisotropy An' is given as An'=n,-n_. In the direction in
which displayed images look bluish to the viewer, because
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the angle of view is tilted to the longitudinal direction of
liquid crystal molecules, the angle 6, becomes 6, <90° and
An' becomes smaller. In the direction in which displayed
images look reddish to the viewer, because the angle of view
is tilted to a direction perpendicular to the longitudinal
direction of liquid crystal molecules, the angle 8, remains
6,=90° and An'=An. FIGS. 4A and 4B illustrate the refrac-
tive index anisotropy as it varies with the angle of view.

[0023] When light is applied obliquely to the liquid crystal
cell, since the substantial thickness d' of the liquid crystal
layer is given by d'=d/cos 0, , the substantial thickness d'
becomes larger independent of the direction in which the
angle of view is tilted.

[0024] Because of changes of both the refractive index
anisotropy and the thickness of the liquid crystal layer, the
birefringence (An'-d') varies, changing the tint depending on
the angle of view.

[0025] Table 1 shown below contains details of the tinting.

TABLE 1
An d An - d Remarks
Bluish tint Reduced Increased Reduced *
Reddish tint Unchanged Increased Increased **

*The longitudinal direction of the liquid crystal molecules when the liquid
crystal cell is in a bright display state.

**The direction perpendicular to the longitudinal direction of the liquid
crystal molecules.

[0026] As described above, the conventional in-plane-
switching liquid crystal display units cannot avoid tinting of
displayed images in certain directions.

[0027] Inview of the experimental data and considerations
described above, the inventors have made the present inven-
tion in efforts to suppress tinting in in-plane-switching
active-matrix liquid crystal display units.

SUMMARY OF THE INVENTION

[0028] Tt is therefore an object of the present invention to
provide an in-plane-switching liquid crystal display unit
which suffers minimum tinting of displayed images due to
changes in the angle of view and can display high-quality
images.

[0029] According to a first aspect of the present invention,
there is provided an in-plane-switching liquid crystal display
unit comprising a two-dimensional matrix of pixel regions
each including two auxiliary regions capable of compensat-
ing for tinting characteristics of each other. With this
arrangement, the directions in which displayed images look
bluish and reddish compensate for each other, thereby
suppressing tints of the displayed images due to changes in
the angle of view, i.e., the angle at which the liquid crystal
display unit is observed.

[0030] According to a second aspect of the present inven-
tion, there is provided an in-plane-switching liquid crystal
display unit comprising a two-dimensional matrix of pixel
regions each including a first auxiliary region having liquid
crystal molecules directed in a first orientation when no
electric field is applied thereto, a second auxiliary region
having liquid crystal molecules directed in a second orien-
tation extending at 90° with respect to the first orientation
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when no electric field is applied thereto, and electric field
generating means for generating an in-plane electric field in
a liquid crystal sealed layer and applying the in-plane
electric field to the liquid crystal molecules to rotate the
liquid crystal molecules in one direction while maintaining
the first orientation and the second orientation at 90° with
respect to each other. With this arrangement, when the liquid
crystal display unit changes from a dark display state to a
bright display state, the directions in which displayed
images look bluish and reddish compensate for each other,
thereby suppressing tints of the displayed images due to
changes in the angle of view.

[0031] According to a third aspect of the present inven-
tion, in the liquid crystal display unit according to the second
aspect, the electric field generating means comprises a
plurality of parallel pairs of electrodes disposed in the first
auxiliary region and the second auxiliary region, the elec-
trodes disposed in the first auxiliary region extending at 90°
with respect to the electrodes disposed in the second auxil-
iary region. When a voltage is applied, the liquid crystal
molecules are rotated in one direction while their first and
second orientations are maintained at 90° with respect to
each other. Consequently, the directions in which displayed
images look bluish and reddish compensate for each other,
thereby suppressing tints of the displayed images due to
changes in the angle of view.

[0032] According to a fourth aspect of the present inven-
tion, in the liquid crystal display unit according to the second
aspect, the electric field generating means comprises a
plurality of parallel pairs of electrodes, the electrodes
extending straight in the first auxiliary region and the second
auxiliary region, and wherein the liquid crystal molecules
are oriented at 45° with respect to a direction in which the
electrodes extend in the first auxiliary region and the second
auxiliary region when no electric field is applied thereto.
This arrangement is also effective in suppressing tints of the
displayed images due to changes in the angle of view.

[0033] According to a fifth aspect of the present invention,
the liquid crystal display unit according to the second aspect
further comprises a front substrate and a rear substrate, the
pixel regions being disposed between the front substrate and
the rear substrate, the liquid crystal molecules have a sub-
stantially nil pretilt angle with respect to the front substrate
and the rear substrate. With this arrangement, the liquid
crystal molecules in the first auxiliary region and the second
auxiliary region operate stably.

[0034] According to a sixth aspect of the present inven-
tion, the liquid crystal display unit according to the second
aspect further comprises a front substrate and a rear sub-
strate, the pixel regions being disposed between the front
substrate and the rear substrate, wherein the liquid crystal
molecules have pretilt angles in a spray-type pattern with
respect to the front substrate and the rear substrate, and the
pretilt angles of liquid crystal molecules near the front
substrate and the rear substrate are different from those of
other liquid crystal molecules. With this arrangement, the
liquid crystal molecules in the first auxiliary region and the
second auxiliary region operate stably.

[0035] According to a seventh aspect of the present inven-
tion, there is provided an in-plane-switching liquid crystal
display unit comprising a two-dimensional matrix of pixel
regions each including a first auxiliary region having liquid
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crystal molecules directed in a first orientation when no
electric field is applied thereto, a second auxiliary region
having liquid crystal molecules directed in a second orien-
tation which is the same as the first orientation when no
electric field is applied thereto, and electric field generating
means for generating an in-plane electric field in a liquid
crystal sealed layer and applying the in-plane electric field to
the liquid crystal molecules to rotate the liquid crystal
molecules in opposite directions while maintaining the first
orientation and the second orientation in symmetric rela-
tionship. With this arrangement, when the liquid crystal
display unit is in a bright display state, since the liquid
crystal molecules in the first and second auxiliary regions
are rotated in opposite directions through substantially 45°
with respect to their initial orientations, the orientations of
the liquid crystal molecules in the first and second auxiliary
regions lie at 90° with respect to each other. Consequently,
the directions in which displayed images look bluish and
reddish compensate for each other, thereby suppressing tints
of the displayed images due to changes in the angle of view.
The orientations of the liquid crystal molecules in the first
and second auxiliary regions lie at 90° with respect to each
other only when the liquid crystal display unit is fully in a
bright display state. However, even when the liquid crystal
display unit displays intermediate gradations, the tinting
compensation is partly achieved to reduce tints of the
displayed images much better as compared with the con-
ventional liquid crystal display unit. Furthermore, the liquid
crystal display unit can be manufactured relatively simply
because the initial orientations of the liquid crystal mol-
ecules are not required to be different from each other in the
first and second auxiliary regions.

[0036] According to an eighth aspect of the present inven-
tion, in the liquid crystal display unit according to the
seventh aspect, the electric field generating means comprises
a plurality of parallel pairs of electrodes, the electrodes
extending in the first auxiliary region and the second aux-
iliary region and being bent to a V shape at a boundary
between the first auxiliary region and the second auxiliary
region. With this arrangement, the boundary where the
electrodes are bent to the V shape divides the two auxiliary
regions where the liquid crystal molecules are rotated in
opposite directions.

[0037] According to a ninth aspect of the present inven-
tion, in the liquid crystal display unit according to the
seventh aspect, the electric field generating means comprises
a plurality of pairs of confronting electrodes each having a
longer arm and a shorter arm which extend at a predeter-
mined angle with respect to each other and define a rectan-
gular region, the pairs of confronting electrodes being
inverted in the first auxiliary region and the second auxiliary
region. The pairs of confronting electrodes each having a
longer arm and a shorter arm define a rectangular region
such as an elongate rectangular region, a parallelogrammatic
region, or a trapezoidal region. Therefore, it is possible to
generate an electric field slightly tilted with respect to the
shorter arms in the regions surrounded by the electrode
pairs. Since the direction in which the electric field is tilted
is determined by the layout of the electrode pairs, the liquid
crystal molecules are rotated in opposite directions in the
two auxiliary regions by inverting the layout of the electrode
pairs in the auxiliary regions.
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[0038] According to a tenth aspect of the present inven-
tion, in the liquid crystal display unit according to the ninth
aspect, the shorter arms of the electrodes are slightly tilted
with respect to a direction perpendicular to each of the first
and second orientations of the liquid crystal molecules when
no electric field is applied. With this arrangement, the
direction of rotation of the liquid crystal molecules is stable
even in the vicinity of the shorter arms, making the liquid
crystal display unit operate stably, and increasing an allow-
able range of registration errors in a process of manufactur-
ing the liquid crystal display unit.

[0039] According to an eleventh aspect of the present
invention, in the liquid crystal display unit according to the
seventh aspect, the electric field generating means comprises
a plurality of parallel pairs of electrodes disposed in the first
auxiliary region and the second auxiliary region, the elec-
trodes disposed in the first auxiliary region extending at 90°
with respect to the electrodes disposed in the second auxil-
iary region, and wherein each of the first and second
orientations extends parallel to a direction bisecting an angle
formed between a direction in which the electrodes of the
parallel pairs extend in the first auxiliary region and a
direction in which the electrodes of the parallel pairs extend
in the second auxiliary region. This arrangement is also
effective in suppressing tints of the displayed images due to
changes in the angle of view.

[0040] According to a twelfth aspect of the present inven-
tion, in the liquid crystal display unit according to the
seventh aspect, wherein each of the first and second orien-
tations is substantially the same as a direction in which a
liquid crystal material flows when the liquid crystal material
is introduced into the first and second auxiliary regions. With
this arrangement, a period of time required to introduce the
liquid crystal material can be reduced, and an orientation
defect called a flow orientation which would otherwise
occur after the liquid crystal material is introduced is mini-
mized.

[0041] According to a thirteenth aspect of the present
invention, the liquid crystal display unit according to the
seventh aspect further comprises a front substrate and a rear
substrate, the pixel regions being disposed between the front
substrate and the rear substrate, the liquid crystal molecules
have a substantially nil pretilt angle with respect to the front
substrate and the rear substrate. With this arrangement, the
liquid crystal molecules in the first and second auxiliary
regions operate stably.

[0042] According to a fourteenth aspect of the present
invention, the liquid crystal display unit according to the
seventh aspect further comprises a front substrate and a rear
substrate, the pixel regions being disposed between the front
substrate and the rear substrate, wherein the liquid crystal
molecules have pretilt angles in a spray-type pattern with
respect to the front substrate and the rear substrate, and the
pretilt angles of liquid crystal molecules near the front
substrate and the rear substrate are different from those of
other liquid crystal molecules. This arrangement is also
effective to operate the liquid crystal molecules stably in the
first and second auxiliary regions.

[0043] The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following description with references to the accompanying
drawings which illustrate examples of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a fragmentary perspective view of a
conventional in-plane-switching liquid crystal display unit;

[0045] FIG.2isa graph showing how the transmittance of
the in-plane-switching liquid crystal display unit shown in
FIG. 1 varies with the applied voltage in various observa-
tional directions;

[0046] FIG. 3 isa graph showing how the transmittance of
the in-plane-switching liquid crystal display unit shown in
FIG. 1 varies with the wavelength in various observational
directions when the in-plane-switching liquid crystal display
unit is in a bright display state;

[0047] FIGS. 4A and 4B are diagrams illustrative of the
refractive index anisotropy as it varies with the angle of
view;

[0048] FIGS. 5A through 5E are schematic cross-sec-
tional views of various basic forms of a liquid crystal display
unit according to the present invention;

[0049] FIG. 6A is a sectional plan view of a liquid crystal
display unit according to a first embodiment of the present
invention;

[0050] FIG. 6B is a cross-sectional view taken along line
6B-6B of FIG. 6A;

[0051] FIG. 7 is a sectional plan view of a liquid crystal
display unit according to a second embodiment of the
present invention;

[0052] FIG. 8 is a sectional plan view of a liquid crystal
display unit according to a third embodiment of the present
invention;

[0053] FIG. 9 is a sectional plan view of a liquid crystal
display unit according to a fourth embodiment of the present
invention;

[0054] FIG. 10 is a sectional plan view of a liquid crystal
display unit according to a fifth embodiment of the present
invention;

[0055] FIG. 11 is a sectional plan view of a liquid crystal
display unit according to a sixth embodiment of the present
invention;

[0056] FIG. 12 is a sectional plan view of a liquid crystal
display unit according to a seventh embodiment of the
present invention;

[0057] FIG. 13 is an enlarged fragmentary sectional plan
view of the liquid crystal display unit shown in FIG. 12;

[0058] FIG. 14 is an enlarged fragmentary sectional plan
view of a liquid crystal display unit according to an eighth
embodiment of the present invention; and

[0059] FIGS. 15A and 15B are schematic views of a
liquid crystal display unit according to a ninth embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0060] Various basic forms of a liquid crystal display unit
according to the present invention will be described below
with reference to FIGS. 5A through SE.
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[0061] The liquid crystal display unit of the first form
shown in FIG. 5A has two auxiliary regions 1, 2 disposed
in a pixel region and having liquid crystal molecules 21
whose respective initial orientations lie at 90° with respect
to each other. Electrodes 70 disposed in the auxiliary regions
1, 2, which provide parallel electrode pairs for generating
electric fields E1 to activate the liquid crystal molecules 21,
extend in respective directions that lie at 90° with respect to
each other. When a voltage is applied to the liquid crystal
display unit, the liquid crystal molecules 21 are rotated in the
same direction, clockwise in FIG. 5A, while their orienta-
tions remain 90° spaced from each other. Therefore, the
directions in which displayed images look bluish and red-
dish compensate for each other, thereby suppressing tints of
the displayed images due to changes in the angle of view,
i.e., the angle at which the liquid crystal display unit is
observed.

[0062] The liquid crystal display unit of the second form
shown in FIG. 5B has two auxiliary regions 1, 2 disposed in
a pixel region and having liquid crystal molecules 21 whose
respective initial orientations lie in the same direction, i.e.,
parallel to each other. The liquid crystal molecules 21 are
activated by an electric field E1 generated by parallel
electrode pairs of electrodes 70 which are bent to a V shape
at the boundary between the auxiliary regions 1, 2. When a
voltage is applied to the liquid crystal display unit, the liquid
crystal molecules 21 are rotated counterclockwise in the
auxiliary region 1, and clockwise in the auxiliary region 2.
When the liquid crystal display unit is in a bright display
state, since the liquid crystal molecules 21 are rotated
substantially 45° from their initial orientation in each of the
auxiliary regions 1, 2, the orientations of the liquid crystal
molecules 21 in the auxiliary regions 1, 2 lie at 90° with
respect to each other. Consequently, the directions in which
displayed images look bluish and reddish compensate for
each other, thereby suppressing tints of the displayed images
due to changes in the angle of view. The orientations of the
liquid crystal molecules 21 in the auxiliary regions 1, 2 lie
at 90° with respect to each other only when the liquid crystal
display unit is fully in a bright display state. However, even
when the liquid crystal display unit displays intermediate
gradations, the tinting compensation is partly achieved to
reduce tints of the displayed images much better as com-
pared with the conventional in-plane-switching liquid crys-
tal display unit.

[0063] The liquid crystal display unit of the third form
shown in FIG. 5C has two auxiliary regions 1, 2 disposed
in a pixel region and having liquid crystal molecules 21
whose respective initial orientations lie in the same direc-
tion, i.e., parallel to each other. The liquid crystal molecules
21 are activated by an electric field E1 generated by parallel
electrode pairs of electrodes 70 each having a longer arm
and a shorter arm which extend substantially perpendicu-
larly to each other, such that each pair of electrodes 70
defines an elongate rectangular region therebetween. The
electrode pairs in the auxiliary regions 1, 2 are reversed, i.c.,
turned upside down, with respect to each other.

[0064] In each of the elongate rectangular regions sur-
rounded by the electrode pairs shown in FIG. SC, the
electrode pair generates an electric field which is slightly
tilted to the direction of the shorter arms of the electrodes 70.
The direction in which the electric field which is slightly
tilted depends on the layout of the electrode pairs. For
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example, if the electrode pairs are arranged such that each of
the electrodes of the electrode pairs is of an L. shape, then the
in-plane electric field is tiled slightly counterclockwise (see
the auxiliary region 2 in FIG. 5C) with respect to the
direction of the shorter arms of the electrodes 70. If the
electrode pairs are arranged such that each of the electrodes
of the electrode pairs is of an inverted L shape, then the
in-plane electric field is tiled slightly clockwise (sce the
auxiliary region 1 in FIG. 5C) with respect to the direction
of the shorter arms of the electrodes 70. For these reasons,
when a voltage is applied to the liquid crystal display unit,
the liquid crystal molecules 21 are rotated counterclockwise
in the auxiliary region 1, and clockwise in the auxiliary
region 2. Consequently, the directions in which displayed
images look bluish and reddish compensate for each other,
thereby suppressing tints of the displayed images due to
changes in the angle of view.

[0065] Whether the electrode layout shown in FIG. 5C is
able to generate an electric field tilted sufficiently to rotate
the liquid crystal molecules 21 in desired directions in the
auxiliary regions 1, 2 is determined by the ratio of the length
of the longer arms to the length of the shorter arms of the
electrodes. For example, if the elongate rectangular region
surrounded by an electrode pair were too slender, then such
an electrode layout would not be preferable because an
in-plane electric field is generated in a direction transverse
to the longer arms of the electrodes.

[0066] As shown in FIG. 5C, each of the clectrode pairs
for generating the electric field E1 to activate the liquid
crystal molecules 21 comprises two confronting electrodes
which jointly define an elongate rectangular region therebe-
tween and each comprise a longer arm and a shorter arm that
extend substantially perpendicularly to each other. However,
the region defined by each of the electrode pairs in sur-
rounding relation to the liquid crystal molecules 21 may be
of any shape insofar as the electrodes are capable of gen-
erating an electric field slightly tilted with respect to a
direction perpendicular to the initial orientation of the liquid
crystal molecules 21 within that region. For example, the
region defined by each of the electrode pairs may be of a
quadrilateral shape such as a parallelogrammatic shape, a
trapezoidal shape, or the like other than the elongate rect-
angular shape as shown in FIG. 5C. Therefore, the angle
between the longer and shorter arms of each of the elec-
trodes 70 is not limited to a 90°, but any of various other
angles including obtuse angles. The shorter arm of each of
the electrodes 70 may be of a curved shape.

[0067] The liquid crystal display unit of the fourth form
shown in FIG. 5D has two auxiliary regions 1, 2 disposed
in a pixel region and having liquid crystal molecules 21, and
electrodes 70 for activating the liquid crystal molecules 21,
the electrodes 70 extending in the same direction, i.c.,
parallel to each other. The liquid crystal molecules 21 in the
auxiliary regions 1, 2 have respective initial orientations that
lie at 90° with respect to each other. In the auxiliary regions
1, 2, the liquid crystal molecules 21 are aligned such that
they are inclined 45° to the direction of the electrodes 70.
With the liquid crystal display unit shown in FIG. 5D, the
auxiliary regions 1,2 compensate for each other with respect
to their angle of view characteristics thereby to suppress
tints of displayed images.

[0068] The liquid crystal display unit of the fifth form
shown in FIG. SE has two auxiliary regions 1, 2 disposed in
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a pixel region and having liquid crystal molecules 21 whose
respective initial orientations lie in the same direction, i.e.,
parallel to each other. Electrodes 70 disposed in the auxiliary
regions 1, 2, which provide parallel electrode pairs for
generating electric fields E1 to activate the liquid crystal
molecules 21, extend in respective directions that lie at 90°
with respect to each other. The liquid crystal molecules 21
are oriented parallel to a direction which bisects the angle
formed between the direction of the electrodes 70 of the
electrode pairs in the auxiliary region 1 and the direction of
the electrodes 70 of the electrode pairs in the auxiliary
region 2. Specifically, the liquid crystal molecules 21 are
oriented uniformly at 45° with respect to the direction of the
electrodes 70 in each of the auxiliary regions 1, 2. With the
liquid crystal display unit shown in FIG. 5E, the auxiliary
regions 1, 2 compensate for each other with respect to their
angle of view characteristics thereby to suppress tints of
displayed images.

[0069] Detailed embodiments of the liquid crystal display
unit according to the present invention will be described
below with reference to FIGS. 6A, 6B through 15A, 15B.
Those parts shown in FIGS. 6A, 6B through 15A, 15B
which are identical to those shown in FIGS. 5A through SE
are denoted by identical reference characters.

[0070] A liquid crystal display unit according to a first
embodiment will be described below with reference to
FIGS. 6A and 6B.

[0071] As shown in FIG. 6A, the liquid crystal display
unit according to the first embodiment comprises a plurality
of horizontal gate bus lines 55 and a plurality of vertical
drain bus lines 56 which jointly surround pixel regions
arranged in a two-dimensional matrix. Active devices 54 are
positioned respectively in the wvicinity of the points of
intersection of the gate bus lines 55 and the drain bus lines
56 and associated with the pixel regions, respectively.

[0072] Each of the pixel regions has first and second
auxiliary regions 1, 2. A source electrode 71 and a common
electrode 72 are each of a planar shape comprising a
combination of vertical and horizontal ladder structures.
Specifically, the vertical ladder structures of the source
electrode 71 and the common electrode 72 are disposed in
the first auxiliary region 1, and the horizontal ladder struc-
tures of the source electrode 71 and the common electrode
72 are disposed in the second auxiliary region 2. The source
electrode 71 and the common electrode 72 have crosspieces
positioned alternately with each other. The source electrode
71 and the common electrode 72 are partly superimposed
one over the other through an interlayer insulating film 57
(see FIG. 6B). The superimposed region of the source
electrode 71 and the common electrode 72 provides an
added capacitance. In order to prevent line breaks, the
common electrode 72 extend over pixels which are disposed
adjacent to each other in the direction in which the gate bus
lines 55 extend, with two upper and lower lines a, b shown
in FIG. 6A.

[0073] As shown in FIG. 6B, the common electrode 72,
the source electrode 71, and the drain bus lines 56 are
disposed on a first substrate 11. The common electrode 72 is
insulated from the source electrode 71 and the drain bus
lines 56 by the interlayer insulating film 57. Although not
shown in FIGS. 6A and 6B, the gate bus lines 55 are also
insulated from the source electrode 71 and the drain bus
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lines 56 by the interlayer insulating film 57. The above
structure disposed on the first substrate 11 is covered with a
protective insulating film 59. On the surface of an active
matrix substrate which is of the structure described above,
there is disposed an alignment film 31 comprising an insu-
lative organic polymeric film for aligning the surface of the
active matrix substrate.

[0074] Color filters (not shown) of three primaries R, G, B
are disposed in association with the pixel regions on a
second substrate (front substrate) 12 which confronts the
active matrix substrate (rear substrate). A light-shield black
matrix (not shown) is disposed in regions other than the
pixel regions. Another alignment film 32 comprising an
insulative organic polymeric film is disposed on the second
substrate 12 for aligning the surface thereof.

[0075] The active matrix substrate and the confronting
substrate face each other with their inner surfaces supporting
the alignment films 31, 32, and are spaced from each other
with a liquid crystal layer 20 sealed therebetween. Two
polarizers (not shown) are disposed respectively on outer
surfaces of the substrates.

[0076] The surfaces of the alignment films 31, 32 are
processed so orient liquid crystal molecules 21 as shown in
FIG. 6A in the first and second auxiliary regions 1, 2.
Specifically, the liquid crystal molecules 21 are oriented by
the alignment films 31, 32 such that the liquid crystal
molecules 21 are slightly shifted clockwise from a direction
parallel to the crosspieces of the source electrode 71 or the
common electrode 72 when no electric field is applied, and
the liquid crystal molecules 21 in the first and second
auxiliary regions 1, 2 have respective initial orientations
(orientations when no electric field is applied) that lie at 90°
with respect to each other. The liquid crystal layer 20
comprises a nematic liquid crystal layer, and has positive
(p-type) dielectric anisotropy. If a liquid crystal layer of
negative (n-type) dielectric anisotropy is employed, then the
liquid crystal molecules 21 may be oriented at an angle that
is 90° different from the illustrated angle in each of the first
and second auxiliary regions 1, 2.

[0077] The axes of transmission of the polarizers are
perpendicular to each other. The axis of transmission of one
of the polarizers is aligned with the initial orientation of the
liquid crystal molecules in the first auxiliary region 1,
whereas the axis of transmission of the other polarizer is
aligned with the initial orientation of the liquid crystal
molecules in the second auxiliary region 2.

[0078] A process of manufacturing the liquid crystal dis-
play unit according to the first embodiment will be described
below. First, the gate bus lines 55 and the common electrode
72 which are made of Cr are formed on the glass substrate
11, and then covered with the interlayer insulating film 57
which is made of silicon nitride (SiNx). Then, an amorphous
silicone (a-Si) film serving as an active transistor layer is
formed over the gate bus lines 55 with the interlayer
insulating film 57 interposed therebetween. The drain bus
lines 56 and the source electrode 71 which are made of Cr
are thereafter formed. The above structure is then covered
with the protective insulating film 59 which is made of SiNx.

[0079] A glass substrate on which color filters and a
light-shield black matrix have been disposed is purchased
and used as the other glass substrate 12.
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[0080] Alignment films of polyimide are formed respec-
tively on the surfaces of the active matrix substrate thus
constructed and the color filter substrate. The alignment
films are then aligned in divided regions by a mask rubbing
process using a photoresist such that the initial orientations
of the liquid crystal molecules 20 in the first and second
auxiliary regions 1, 2 lic at 90° with respect to each other,
as described above. Thereafter, the substrates are placed in
confronting relation to each other and spaced 4.5 ym from
each other, and a nematic liquid crystal material whose
refractive index anisotropy An is 0.067 is introduced within
a vacuum chamber. Subsequently, the polarizers are applied
to the respective outer surfaces of the substrates.

[0081] While the alignment films are aligned in divided
regions by a mask rubbing process using a photoresist in this
embodiment, the alignment films may be aligned in divided
regions by applying polarized light to the divided regions.

[0082] With the structure shown in FIG. 6A, when a
voltage is applied, the orientations of the liquid crystal
molecules 20 in the first and second auxiliary regions 1, 2 are
rotated in one direction (clockwise) while being angularly
spaced 90° from each other. Therefore, the directions in
which displayed images look bluish and reddish compensate
for each other, thereby suppressing tints of the displayed
images due to changes in the angle of view.

[0083] A liquid crystal display unit according to a second
embodiment of the present invention will be described
below with reference to FIG. 7.

[0084] As shown in FIG. 7, the liquid crystal display unit
according to the second embodiment comprises a plurality
of horizontal gate bus lines 55 and a plurality of vertical
drain bus lines 56 which jointly surround pixel regions
arranged in a two-dimensional matrix. Active devices 54 are
positioned respectively in the wvicinity of the points of
intersection of the gate bus lines 55 and the drain bus lines
56 and associated with the pixel regions, respectively.

[0085] In FIG. 7, the drain bus lines 56 are bent in their
vertical direction such that each of the pixel regions in the
two-dimensional matrix is of a V shape.

[0086] Each of the pixel regions has first and second
auxiliary regions 1, 2. A source electrode 71 and a common
electrode 72 for generating a liquid crystal activating electric
field are each of a planar shape comprising a horizontal
ladder structure as viewed in FIG. 7. The ladder structure
has crosspieces that are bent to a V shape along the drain bus
lines 56 in each of the pixel regions, which is divided into
the first and second auxiliary regions 1, 2, disposed in upper
and lower positions in FIG. 7, at the bend of the crosspieces.
Because of the V shape, the electrodes are tilted counter-
clockwise with respect to the vertical direction in FIG. 7
within the first auxiliary region 1, and clockwise with
respect to the vertical direction in FIG. 7 within the second
auxiliary region 2.

[0087] The structure of the liquid crystal display unit
shown in FIG. 7 has a cross-sectional shape similar to the
cross-sectional shape of the liquid crystal display unit
according to the first embodiment shown in FIG. 6B.
Alignment films 31, 32 are disposed on the respective
surfaces of glass substrates 11, 12. Unlike the liquid crystal
display unit shown in FIG. 6 A, however, the liquid crystal
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molecules 21 shown in FIG. 7 are uniformly oriented
parallel to each other vertically in FIG. 7.

[0088] Polarizers mounted on the respective outer surfaces
of the substrates have respective axes of transmission which
are perpendicular to each other. The direction of the axis of
transmission of one of the polarizers is in agreement with the
uniform initial orientation of the liquid crystal molecules.

[0089] The liquid crystal display unit according to the
second embodiment shown in FIG. 7 can be manufactured
in substantially the same manner as with the liquid crystal
display unit according to the first embodiment shown in
FIGS. 6A and 6B except the orientation of the liquid crystal
molecules and the direction of the axes of transmission of
the polarizers.

[0090] When a voltage is applied to the liquid crystal
display unit shown in FIG. 7, a liquid crystal activating
electric field is generated in a direction slightly tilted coun-
terclockwise with respect to the horizontal direction in the
first auxiliary region 1, whereas a liquid crystal activating
electric field is generated in a direction slightly tilted clock-
wise with respect to the horizontal direction in the second
auxiliary region 2. In response to the generated liquid crystal
activating electric field, the liquid crystal molecules 21
which have been uniformly oriented vertically under no
electric field are rotated clockwise in the first auxiliary
region 1 and counterclockwise in the second auxiliary region

2.

[0091] When the liquid crystal display unit is in a bright
display state, the liquid crystal molecules 21 in each of the
first and second auxiliary regions 1, 2 are rotated substan-
tially 45° with respect to the initial orientation thereof.
Therefore, the orientations of the liquid crystal molecules 21
in the first and second auxiliary regions 1, 2 lie at 90° with
respect to each other. Therefore, the directions in which
displayed images look bluish and reddish compensate for
each other, thereby suppressing tints of the displayed images
due to changes in the angle of view. The orientations of the
liquid crystal molecules 21 in the auxiliary regions 1, 2 lie
at 90° with respect to each other only when the liquid crystal
display unit is fully in a bright display state. However, even
when the liquid crystal display unit displays intermediate
gradations, the tinting compensation is partly achieved to
reduce tints of the displayed images much better as com-
pared with the conventional in-plane-switching liquid crys-
tal display unit.

[0092] The liquid crystal display unit according to the
second embodiment shown in FIG. 7 is advantageous in that
the process of manufacturing same is simpler than the
process of manufacturing the liquid crystal display unit
according to the first embodiment shown in FIG. 6A
because it is not necessary to make the initial orientations of
the liquid crystal molecules different in the respective aux-
iliary regions.

[0093] A liquid crystal display unit according to a third
embodiment of the present invention will be described
below with reference to FIG. 8.

[0094] As shown in FIG. 8, the liquid crystal display unit
according to the third embodiment comprises a plurality of
horizontal gate bus lines 55 and a plurality of vertical drain
bus lines 56 which jointly surround pixel regions arranged in
a two-dimensional matrix. Active devices 54 are positioned
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respectively in the vicinity of the points of intersection of the
gate bus lines 55 and the drain bus lines 56 and associated
with the pixel regions, respectively.

[0095] Each of the pixel regions has first and second
auxiliary regions 1, 2. Each of the first and second auxiliary
regions 1, 2 has a plurality of elongate rectangular regions
surrounded by a source electrode 71 and a common elec-
trode 72. Each of the elongate rectangular regions is defined
by an electrode pair comprising the source electrode 71 and
the common electrode 72 which confront each other and
comprise a longer arm and a shorter arm which extend
substantially perpendicularly to each other. The rectangular
regions in each of the auxiliary regions 1, 2 are surrounded
by electrode pairs of the same arrangement. The electrode
pairs in the auxiliary regions 1, 2 are reversed, i.e., turned
upside down, with respect to each other. Specifically, each of
the rectangular regions in the first auxiliary region 1 is
surrounded by a pair of electrodes of an L shape, and each
of the rectangular regions in the second auxiliary region 2 is
surrounded by a pair of electrodes of an inverted L shape.

[0096] The structure of the liquid crystal display unit
shown in FIG. 8 has a cross-sectional shape similar to the
cross-sectional shape of the liquid crystal display unit
according to the first embodiment shown in FIG. 6B.
Alignment films 31, 32 are disposed on the respective
surfaces of glass substrates 11, 12. Unlike the liquid crystal
display unit shown in FIG. 6A, however, the liquid crystal
molecules 21 shown in FIG. 8 are uniformly oriented
parallel to each other vertically in FIG. 8.

[0097] Polarizers mounted on the respective outer surfaces
of the substrates have respective axes of transmission which
are perpendicular to each other. The direction of the axis of
transmission of one of the polarizers is in agreement with the
uniform initial orientation of the liquid crystal molecules.

[0098] The liquid crystal display unit according to the
third embodiment shown in FIG. 8 can be manufactured in
the same manner as with the liquid crystal display unit
according to the first embodiment shown in FIGS. 6A and
6B.

[0099] In the elongate rectangular regions surrounded by
the electrode pairs, it is possible to generate an electric field
which is slightly tilted with respect to the direction of the
shorter arms of the electrodes. The direction in which the
electric field is slightly tilted depends on the layout of the
electrode pairs. When a voltage is applied to the liquid
crystal display unit shown in FIG. 8, a liquid crystal
activating electric field is generated in a direction slightly
tilted counterclockwise with respect to the horizontal direc-
tion in the first auxiliary region 1, whereas a liquid crystal
activating electric field is generated in a direction slightly
tilted clockwise with respect to the horizontal direction in
the second auxiliary region 2. In response to the generated
liquid crystal activating electric field, the liquid crystal
molecules 21 which have been uniformly oriented vertically
parallel to each other under no electric field are rotated
clockwise in the first auxiliary region 1 and counterclock-
wise in the second auxiliary region 2.

[0100] When the liquid crystal display unit is in a bright
display state, the liquid crystal molecules 21 in each of the
first and second auxiliary regions 1, 2 are rotated substan-
tially 45° with respect to the initial orientation thereof.
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Therefore, the orientations of the liquid crystal molecules 21
in the first and second auxiliary regions 1, 2 lie at 90° with
respect to each other. Therefore, the directions in which
displayed images look bluish and reddish compensate for
each other, thereby suppressing tints of the displayed images
due to changes in the angle of view. The orientations of the
liquid crystal molecules 21 in the auxiliary regions 1, 2 lie
at 90° with respect to each other only when the liquid crystal
display unit is fully in a bright display state. However, even
when the liquid crystal display unit displays intermediate
gradations, the tinting compensation is partly achieved to
reduce tints of the displayed images much better as com-
pared with the conventional in-plane-switching liquid crys-
tal display unit as shown in FIG. 1.

[0101] The liquid crystal display unit according to the
third embodiment shown in FIG. 8 is advantageous in that
the process of manufacturing same is simpler than the
process of manufacturing the liquid crystal display unit
according to the first embodiment shown in FIG. 6A
because it is not necessary to make the initial orientations of
the liquid crystal molecules different in the respective aux-
iliary regions. According to the third embodiment, further-
more, the pixel regions in the two-dimensional matrix are
not in a bent configuration, but the drain bus lines 56 extend
straight in the vertical direction in FIG. 8. Since the liquid
crystal display unit according to the third embodiment
shown in FIG. 8 is simpler in its entirety than the liquid
crystal display unit according to the second embodiment
shown in FIG. 7, it is less subject to defects which may be
caused by breaks or the like of the drain bus lines 56.

[0102] A liquid crystal display unit according to a fourth
embodiment of the present invention will be described
below with reference to FIG. 9.

[0103] As shown in FIG. 9, the liquid crystal display unit
according to the fourth embodiment comprises a plurality of
horizontal gate bus lines 55 and a plurality of vertical drain
bus lines 56 which jointly surround pixel regions arranged in
a two-dimensional matrix. Active devices 54 are positioned
respectively in the vicinity of the points of intersection of the
gate bus lines 55 and the drain bus lines 56 and associated
with the pixel regions, respectively.

[0104] In FIG. 9, a source electrode 71 and a common
electrode 72 for generating a liquid crystal activating electric
field are bent to a V shape.

[0105] Each of the pixel regions has first and second
auxiliary regions 1, 2. Each of the first and second auxiliary
regions 1, 2 has a plurality of parallelogrammatic regions
surrounded by the source electrode 71 and the common
electrode 72. Each of the parallelogrammatic regions is
defined by a pair of confronting electrodes comprising the
source electrode 71 and the common electrode 72 each
having a longer arm and a shorter arm that extent at an
obtuse angle with respect to each other.

[0106] The parallelogrammatic regions in each of the
auxiliary regions 1, 2 are surrounded by electrode pairs of
the same arrangement. The electrode pairs in the auxiliary
regions 1, 2 are reversed, i.e., turned upside down, with
respect to each other. Specifically, each of the parallelo-
grammatic regions in the first auxiliary region 1 is sur-
rounded by a pair of electrodes of an L shape, and each of
the parallelogrammatic regions in the second auxiliary
region 2 is surrounded by a pair of electrodes of an inverted
L shape.
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[0107] The liquid crystal display unit according to the
fourth embodiment is capable of displaying images uni-
formly and stably because the liquid crystal molecules are
not rotated in a direction opposite to the desired direction in
each of the auxiliary regions even in areas where the
electrodes are bent to the V shape and end areas of the pixel
regions.

[0108] A liquid crystal display unit according to a fifth
embodiment of the present invention will be described
below with reference to FIG. 10.

[0109] Asshown in FIG. 10, the liquid crystal display unit
according to the fifth embodiment comprises a plurality of
horizontal gate bus lines 55 and a plurality of vertical drain
bus lines 56 which jointly surround pixel regions arranged in
a two-dimensional matrix. Active devices 54 are positioned
respectively in the vicinity of the points of intersection of the
gate bus lines 55 and the drain bus lines 56 and associated
with the pixel regions, respectively.

[0110] The liquid crystal display unit also has a source
electrode 71 and a common electrode 72 which extend
parallel to each other as with the conventional liquid crystal
display unit shown in FIG. 1. The source electrode 71 and
the common electrode 72 are each of a planar shape com-
prising a horizontal ladder structure as viewed in FIG. 10.
Liquid crystal molecules 21 in first and second auxiliary
regions 1, 2 have respective initial orientations which lie at
90° with respect to each other. The liquid crystal molecules
21 in each of the first and second auxiliary regions 1, 2 are
oriented such that their longitudinal axes extend at 45° with
respect to the direction in which the source electrode 71 and
the common electrode 72 extend. With the liquid crystal
display unit according to the fifth embodiment, the first and
second auxiliary regions 1, 2 compensate for each other with
respect to the angle of view characteristics, thereby sup-
pressing tints of the displayed images due to changes in the
angle of view.

[0111] A liquid crystal display unit according to a sixth
embodiment of the present invention will be described
below with reference to FIG. 11.

[0112] The liquid crystal display unit according to the
sixth embodiment is essentially the same as the liquid crystal
display unit according to the first embodiment shown in
FIG. 6A. The directions of a source electrode 71 and a
common electrode 72 for generating a liquid crystal acti-
vating electric field lie at 90° with respect to each other in
first and second auxiliary regions 1, 2. In the sixth embodi-
ment, however, liquid crystal molecules in the first and
second auxiliary regions 1, 2 are initially oriented uniformly
in the same direction. The liquid crystal molecules 21 are
oriented parallel to a direction which bisects the angle
formed between the direction of the source electrode 71 and
the common electrode 72 in the first auxiliary region 1 and
the direction of the source electrode 71 and the common
electrode 72 in the second auxiliary region 2. Specifically,
the liquid crystal molecules 21 are oriented uniformly at 45°
with respect to the direction of the source electrode 71 and
the common e¢lectrode 72 in each of the auxiliary regions 1,
2.

[0113] The liquid crystal display unit according to the
sixth embodiment is capable of suppressing tints of the
displayed images due to changes in the angle of view
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because the liquid crystal molecules 21 are rotated in
opposite directions in the first and second auxiliary regions
1, 2 when a voltage is applied to the liquid crystal display
unit.

[0114] A liquid crystal display unit according to a seventh
embodiment of the present invention will be described
below with reference to FIGS. 12 and 13.

[0115] As shown in FIGS. 12 and 13, the liquid crystal
display unit according to the seventh embodiment comprises
a plurality of horizontal gate bus lines 55 and a plurality of
vertical drain bus lines 56 which jointly surround pixel
regions arranged in a two-dimensional matrix. Active
devices 54 are positioned respectively in the vicinity of the
points of intersection of the gate bus lines 55 and the drain
bus lines 56 and associated with the pixel regions, respec-
tively.

[0116] A source electrode 71 and a common electrode 72
for generating a liquid crystal activating electric field extend
generally horizontally as with the gate bus lines 55 and are
bent to a V shape. Liquid crystal molecules 21 are uniformly
oriented parallel to each other in the horizontal direction in
FIGS. 12 and 13 along the direction of the gate bus lines S5.
After two substrates (the substrates 11, 12 shown in FIG.
6B) are combined with each other with a given spacing
therebetween, a liquid crystal material is introduced so as to
flow horizontally into the space between the combined
substrates. The direction of the axis of transmission of one
of the polarizers is in agreement with the initial orientation
of the liquid crystal molecules.

[0117] The pixel regions are divided into the first and
second auxiliary regions 1, 2 at the V vend of the source
electrode 71 and the common electrode 72. When a liquid
crystal activating electric field is generated, the liquid crystal
molecules 21 are rotated counterclockwise in the first aux-
iliary region 1 and clockwise in the second auxiliary region

[0118] According to the seventh embodiment, the source
electrode 71 and the common electrode 72 are bent to a V
shape as with the second embodiment shown in FIG. 7 and
the fourth embodiment shown in FIG. 9. Since the gate bus
lines 55 or the drain bus lines 56 are not bent, but straight,
however, the liquid crystal display unit is not too complex in
structure, and hence can be manufactured with a high yield.

[0119] Furthermore, because the initial orientation of the
liquid crystal molecules 21 and the direction in which the
liquid crystal material flows into the space between the
substrates are the same as each other, the liquid crystal
material can easily be introduced in a reduced period of
time. In addition, an orientation defect called a flow orien-
tation which would otherwise occur after the liquid crystal
material is introduced is minimized.

[0120] A liquid crystal display unit according to an eighth
embodiment of the present invention will be described
below with reference to FIG. 14.

[0121] The liquid crystal display unit according to the
eighth embodiment is similar to the liquid crystal display
unit according to the seventh embodiment shown in FIGS.
12 and 13 except for those features described below. FIG.
14 shows the features of the liquid crystal display unit
according to the eighth embodiment.
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[0122] As with the fourth embodiment shown in FIG. 9,
the liquid crystal display unit according to the eighth
embodiment is arranged to cause liquid crystal molecules to
rotate stably in desired directions in each of the auxiliary
regions even in areas where the electrodes are bent to the V
shape and end areas of the pixel regions. Specifically, each
of the first and second auxiliary regions 1, 2 has a plurality
of parallelogrammatic regions surrounded by the source
electrode 71 and the common electrode 72. Each of the
parallelogrammatic regions is defined by a pair of confront-
ing electrodes comprising the source electrode 71 and the
common electrode 72 each having a longer arm and a shorter
arm that extent at an obtuse angle with respect to each other.

[0123] The parallelogrammatic regions in each of the
auxiliary regions 1, 2 are surrounded by electrode pairs of
the same arrangement. The electrode pairs in the auxiliary
regions 1, 2 are reversed, i.e., turned upside down, with
respect to each other. Specifically, each of the parallelo-
grammatic regions in the first auxiliary region 1 is sur-
rounded by a pair of electrodes of an L shape, and each of
the parallelogrammatic regions in the second auxiliary
region 2 is surrounded by a pair of electrodes of an inverted
L shape.

[0124] The shorter arms of the source electrode 71 and the
common electrode 72 extend in directions different from the
directions of the shorter arms according to the ninth embodi-
ment shown in FIG. 9, i.e., are slightly tilted with respect to
a direction perpendicular to the initial orientation of the
liquid crystal molecules 21, at such an angle that the angle
formed between the longer and shorter arms is greater than
if the shorter arms are not tilted.

[0125] The structure shown in FIG. 14 is advantageous
for the following reasons: If the shorter arms of the source
electrode 71 and the common electrode 72 are directed
perpendicularly to the initial orientation of the liquid crystal
molecules 21 as with the fourth embodiment shown in FIG.
9, then since a liquid crystal activating electric field gener-
ated in the vicinity of poles of the shorter arms (the electric
field is generated perpendicularly to arms of the electrodes
in the vicinity of poles of the electrodes) is parallel to the
initial orientation of the liquid crystal molecules, a torque for
rotating the liquid crystal molecules is generated in such an
area. As a result, the direction in which the liquid crystal
molecules rotate is not stable. According to the structure
shown in FIG. 14, however, the shorter arms of the source
electrode 71 and the common electrode 72 are slightly tilted
with respect to a direction perpendicular to the initial
orientation of the liquid crystal molecules 21, at such an
angle that the angle formed between the longer and shorter
arms is greater than if the shorter arms are not tilted.
Therefore, even in the vicinity of the poles of the shorter
arms, there is produced a torque for rotating the liquid
crystal molecules in the same direction as in other areas in
the same auxiliary region. Consequently, the liquid crystal
molecules can be rotated more stably.

[0126] The liquid crystal display unit according to the
eighth embodiment offers an additional advantage as fol-
lows; Inasmuch as the shorter arms of the source electrode
71 and the common electrode 72 are tilted, particularly, the
shorter arms in peripheral areas of the pixel regions remote
from the V-bend arecas are tilted, an allowable range of
registration errors in the manufacturing process is greater
than with the fourth embodiment shown in FIG. 9.
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[0127] As described above, the shorter arms of the source
electrode 71 and the common electrode 72 are slightly tilted
with respect to the direction perpendicular to the initial
orientation of the liquid crystal molecules in both the
peripheral areas of the pixel regions and the V-bend areas.
However, the shorter arms of the source electrode 71 and the
common electrode 72 may be slightly tilted in either the
peripheral areas of the pixel regions or the V-bend areas.
Solely for the purpose of increasing an allowable range of
registration errors in the manufacturing process, for
example, the shorter arms in peripheral areas of the pixel
regions may be tilted, but the shorter arms in the V-bend
areas may be of the same arrangement as shown in FIG. 9.

[0128] A liquid crystal display unit according to a ninth
embodiment of the present invention will be described
below with reference to FIGS. 15A and 15B.

[0129] The liquid crystal display unit according to the
ninth embodiment resides in the initial orientation of liquid
crystal molecules, more specifically, the direction of a pretilt
of liquid crystal molecules with respect to substrates.

[0130] Inthe structure shown in FIG. 14, the liquid crystal
molecules are uniformly oriented, and are rotated in different
directions in the respective first and second auxiliary regions
due to the electrode configuration when a liquid crystal
activating electric field is generated. In order to rotate the
liquid crystal molecules stably in each of the first and second
auxiliary regions, it is preferable that the liquid crystal
molecules be initially oriented equally in both the first and
second auxiliary regions. Specifically, in FIG. 14, the initial
orientation of the liquid crystal molecules should preferably
be perpendicular as accurately as possible to a bisector of the
V-shaped angle between the source electrode 71 and the
common electrode 72, and should preferably be as parallel
as possible to the substrates (the substrates 11, 12 shown in
FIG. 6B) in a three-dimensional space. According to a
rubbing process used for the usual liquid crystal alignment,
it is known that the liquid crystal molecules are oriented with
a pretilt angle with respect to the substrates. The pretilt angle
typically ranges from 2° to 5° depending on the alignment
film material used. Consequently, rather than uniformly
orienting the liquid crystal molecules between the substrates
as shown in FIG. 15B, the liquid crystal molecules should
be oriented in a spray-type orientation pattern by which the
pretilt angle of those liquid crystal molecules near the
substrates does not match the pretilt angle of the other liquid
crystal molecules, so that the liquid crystal molecules will be
oriented generally parallel to the substrates as a whole. The
spray-type orientation pattern allows the liquid crystal mol-
ecules to operate stably in each of the first and second
auxiliary regions. The spray-type orientation pattern is
applicable not only to the eighth embodiment shown in FIG.
14, but also to the other embodiments.

[0131] A liquid crystal display unit according to a tenth
embodiment of the present invention will be described
below.

[0132] As described above with respect to the ninth
embodiment, the initial orientation of the liquid crystal
molecules be as parallel as possible to the substrates. for this
purpose, the liquid crystal display unit according to the tenth
embodiment uses a liquid crystal alignment film material
whose pretilt angle is substantially nil. Specifically, the
liquid crystal alignment film material comprises a liquid
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crystal alignment film material JALS-428 manufactured by
Japan Synthetic Rubber Co., Ltd. With this liquid crystal
alignment film material used, the liquid crystal molecules
are oriented in a direction perpendicular to the rubbing
direction, and the pretilt angle is substantially nil. Conse-
quently, the liquid crystal molecules each of the first and
second auxiliary regions can be operated stably. Among
other liquid crystal alignment film materials whose pretilt
angle is substantially nil is a liquid crystal alignment film
material SE-1180 manufactured by Nissan Chemical Indus-
tries, Ltd., which has a very small pretilt angle (ranging from
about 0° to 1°) though it orients the liquid crystal molecules
in a direction parallel to the rubbing direction.

[0133] While preferred embodiments of the present inven-
tion have been described using specific terms, such descrip-
tion is for illustrative purposes only, and it is to be under-
stood that changes and variations may be made without
departing from the spirit or scope of the following claims.

What is claimed is:

1. An in-plane-switching liquid crystal display unit com-
prising a two-dimensional matrix of pixel regions each
including two auxiliary regions capable of compensating for
tinting characteristics of each other.

2. An in-plane-switching liquid crystal display unit com-
prising a two-dimensional matrix of pixel regions each
including:

a first auxiliary region having liquid crystal molecules
directed in a first orientation when no electric field is
applied thereto;

a second auxiliary region having liquid crystal molecules
directed in a second orientation extending at 90° with
respect to said first orientation when no electric field is
applied thereto; and

clectric field generating means for generating an in-plane
electric field in a liquid crystal sealed layer and apply-
ing the in-plane electric field to said liquid crystal
molecules to rotate the liquid crystal molecules in one
direction while maintaining said first orientation and
said second orientation at 90° with respect to each
other.

3. An in-plane-switching liquid crystal display unit
according to claim 2, wherein said electric field generating
means comprises a plurality of parallel pairs of electrodes
disposed in said first auxiliary region and said second
auxiliary region, said electrodes disposed in said first aux-
iliary region extending at 90° with respect to said electrodes
disposed in said second auxiliary region.

4. An in-plane-switching liquid crystal display unit
according to claim 2, wherein said electric field generating
means comprises a plurality of parallel pairs of electrodes,
said electrodes extending straight in said first auxiliary
region and said second auxiliary region, and wherein said
liquid crystal molecules are oriented at 45° with respect to
a direction in which said electrodes extend in said first
auxiliary region and said second auxiliary region when no
electric field is applied thereto.

5. An in-plane-switching liquid crystal display unit
according to claim 2, further comprising a front substrate
and a rear substrate, said pixel regions being disposed
between said front substrate and said rear substrate, said
liquid crystal molecules have a substantially nil pretilt angle
with respect to said front substrate and said rear substrate.
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6. An in-plane-switching liquid crystal display unit
according to claim 2, further comprising a front substrate
and a rear substrate, said pixel regions being disposed
between said front substrate and said rear substrate, wherein
said liquid crystal molecules have pretilt angles in a spray-
type pattern with respect to said front substrate and said rear
substrate, and the pretilt angles of liquid crystal molecules
near said front substrate and said rear substrate are different
from those of other liquid crystal molecules.

7. An in-plane-switching liquid crystal display unit com-
prising a two-dimensional matrix of pixel regions each
including:

a first auxiliary region having liquid crystal molecules
directed in a first orientation when no electric field is
applied thereto;

a second auxiliary region having liquid crystal molecules
directed in a second orientation which is the same as
said first orientation when no electric field is applied
thereto; and

electric field generating means for generating an in-plane
electric field in a liquid crystal sealed layer and apply-
ing the in-plane electric field to said liquid crystal
molecules to rotate the liquid crystal molecules in
opposite directions while maintaining said first orien-
tation and said second orientation in symmetric rela-
tionship.

8. An in-plane-switching liquid crystal display unit
according to claim 7, wherein said electric field generating
means comprises a plurality of parallel pairs of electrodes,
said electrodes extending in said first auxiliary region and
said second auxiliary region and being bent to a V shape at
a boundary between said first auxiliary region and said
second auxiliary region.

9. An in-plane-switching liquid crystal display unit
according to claim 7, wherein said electric field generating
means comprises a plurality of pairs of confronting elec-
trodes each having a longer arm and a shorter arm which
extend at a predetermined angle with respect to each other
and define a rectangular region, said pairs of confronting
electrodes being inverted in said first auxiliary region and
said second auxiliary region.
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10. An in-plane-switching liquid crystal display unit
according to claim 9, wherein the shorter arms of the
electrodes are slightly tilted with respect to a direction
perpendicular to each of said first and second orientations of
the liquid crystal molecules when no electric field is applied.

11. An in-plane-switching liquid crystal display unit
according to claim 7, wherein said electric field generating
means comprises a plurality of parallel pairs of electrodes
disposed in said first auxiliary region and said second
auxiliary region, said electrodes disposed in said first aux-
iliary region extending at 900 with respect to said electrodes
disposed in said second auxiliary region, and wherein each
of said first and second orientations extends parallel to a
direction bisecting an angle formed between a direction in
which the electrodes of the parallel pairs extend in said first
auxiliary region and a direction in which the electrodes of
the parallel pairs extend in said second auxiliary region.

12. An in-plane-switching liquid crystal display unit
according to claim 7, wherein each of said first and second
orientations is substantially the same as a direction in which
a liquid crystal material flows when the liquid crystal
material is introduced into the first and second auxiliary
regions.

13. An in-plane-switching liquid crystal display unit
according to claim 7, further comprising a front substrate
and a rear substrate, said pixel regions being disposed
between said front substrate and said rear substrate, said
liquid crystal molecules have a substantially nil pretilt angle
with respect to said front substrate and said rear substrate.

14. An in-plane-switching liquid crystal display unit
according to claim 7, further comprising a front substrate
and a rear substrate, said pixel regions being disposed
between said front substrate and said rear substrate, wherein
said liquid crystal molecules have pretilt angles in a spray-
type pattern with respect to said front substrate and said rear
substrate, and the pretilt angles of liquid crystal molecules
near said front substrate and said rear substrate are different
from those of other liquid crystal molecules.
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