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(57) ABSTRACT 

A liquid crystal display device having a pair of substrates, a 
liquid crystal layer, a group of electrodes for applying to the 
liquid crystal layer an electric ?eld substantially parallel to 
the substrate surface, and a plurality of active elernents 
connected to the electrodes, the group of electrodes and 
active elements being formed on one of the pair of sub 
strates. An alignrnent control ?lrn is formed betWeen the 
liquid crystal layer and at least one of the pair of substrates 
and is made from polyarnic acid obtained by reacting a 
diarnine With an acid anhydride. The acid anhydride is at 
least one member selected from the group consisting of 
1,2,3,4-cyclopentanetetracarboxylic acid dianhydride; 1,2,4, 
5-cycleheXanetetracarboXyic acid dianhydride; 3,3‘,4,4‘-bis 
cycloheXanetetracarboXylic acid dianhydride; 3,3‘,4,4‘-ben 
ZophenonetetracarboXylic acid dianhydride; 1,2,3,4 
butanetetracarboxylic acid dianhydride; and 1,2,3,4 
cyclobutanetetracarboxylic acid dianhydride and 
pyrornellitic acid dianhydride. 
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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a normally closed 
liquid crystal display device, particularly to such a liquid 
crystal display device incorporating an in-plane switching 
(IPS) mode Which is operated by applying an electric ?eld 
to the liquid crystal layer in the direction substantially 
parallel to the substrate plane. 

[0002] In liquid crystal display devices, the dark level of 
dark display is a decisive factor for the contrast ratio. The 
principal causes of Worsening the dark level of dark display 
are the improper conditions of piXel and electrode ends, loW 
frame response and light leakage at the periphery of the 
spacer. 

[0003] Variations in thickness of the liquid crystal layer in 
these liquid crystal display devices lead to serious deterio 
ration of display qualities such as reduction of contrast, 
nonuniformity of luminance and color shading, so that the 
spacers are required for keeping the uniform thickness of the 
liquid crystal layer. 

[0004] Provision of such spacers, hoWever, is causative of 
light leakage as it disturbs alignment of the liquid crystal 
molecules around the spacer surface. The higher the in-plane 
distribution density of spacers, the more effective for sup 
pressing variation of thickness of the liquid crystal layer, but 
at the same time this may invite a greater decrease of 
contrast ratio. Also, light leakage at the periphery of the 
spacer tends to provoke a sense of glaringness Which hinders 
appearance of uniform blackness of the picture When the 
display mode changes from dark to gray scale, and may also 
cause nonuniformity of luminance due to localiZed distri 
bution of the spacers. 

[0005] In the normally closed liquid crystal display 
devices of the tWisted nematic (TN) mode in Which an 
electric ?eld is applied along the direction perpendicular to 
the substrates, a method for minimiZing light leakage at the 
spacer periphery by incorporating a mechanism for verti 
cally aligning the liquid crystal molecules in the spacer 
surface has been proposed (JP-A-4-177324, etc.). This 
method is indeed effective in the normally closed liquid 
crystal display devices of the TN mode, but no disclosure is 
made on the technique for reducing or eliminating light 
leakage Which occurs speci?cally in the IPS mode normally 
closed liquid crystal display devices to Which the conception 
of the present invention is directed. 

SHORT SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide an 
IPS mode normally closed liquid crystal display device of 
high contrast ratio, Which is freed of the problem of light 
leakage caused by the spacer beads in this type of liquid 
crystal display devices. 

[0007] Accordingly, the present invention provides an IPS 
mode normally closed liquid crystal display device com 
prising: 

[0008] a pair of substrates at least one of Which is 
transparent, 

[0009] a liquid crystal layer disposed betWeen said 
pair of substrates, 
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[0010] a group of electrodes for applying to said 
liquid crystal layer an electric ?eld substantially 
parallel to the substrate plane and one or more active 
elements connected to said electrodes, said group of 
electrodes and active elements being formed on one 
of said pair of substrates, 

[0011] an alignment control ?lm formed on said pair 
of substrates, and 

[0012] an optical means for changing the optical 
properties according to the state of molecular align 
ment of said liquid crystal layer, 

[0013] Wherein the thickness of said liquid crystal 
layer is controlled to be substantially uniform by the 
spacer beads dispersed and held betWeen said pair of 
substrates, a pretilt angle betWeen said alignment 
control ?lm and liquid crystals is 4° or less, and a 
contact angle betWeen said liquid crystals and said 
spacer is 0° to 60°. 

[0014] The present invention also provides a liquid crystal 
display device of the type recited, Which is freed of the 
problem of light leakage due to the presence of the spacer 
beads by disposing betWeen said spacer and said liquid 
crystal layer a ?lm provided With a liquid crystal alignment 
controlling function by irradiation With polariZed light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other objects and features of the present 
invention Will be understood more clearly from the folloW 
ing detailed description With reference to the accompanying 
draWings, Wherein: 

[0016] FIG. 1 is a schematic illustration of 4-division 
alignment of the liquid crystal molecules around a spacer 
bead in a liquid crystal display device according to the 
present invention. 

[0017] FIG. 2 is a schematic illustration of 2-division 
alignment of the liquid crystal molecules around a spacer 
bead in a liquid crystal display device according to the 
present invention. 

[0018] FIG. 3 is a schematic sectional vieW of a panel in 
a liquid crystal display device according to the present 
invention. 

[0019] FIG. 4 illustrates the angles made by the long-aXial 
alignment direction of the liquid crystal molecules and the 
polariZed light transmission aXis of the polariZer With the 
direction of electric ?eld. 

[0020] FIGS. 5A to 5D illustrate the behavior of the liquid 
crystal molecules in an IPS mode liquid crystal display 
device. 

[0021] FIGS. 6A to 6C are a schematic plane vieW (6A) 
and schematic sectional vieWs (6B and 6C) shoWing a group 
of electrodes (structure), an insulating ?lm and an alignment 
control ?lm in a unitary piXel section in an embodiment of 
the present invention. 

[0022] FIG. 7 illustrates the circuit system in a liquid 
crystal display device according to the present invention. 

[0023] FIG. 8 illustrates the optical system in a liquid 
crystal display device according to the present invention. 
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[0024] FIG. 9 is a schematic sectional illustration of a 
liquid crystal display device according to an embodiment of 
the present invention. 

[0025] FIG. 10 is a fragmentary perspective vieW of a 
liquid crystal display device of the present invention. 

[0026] FIG. 11 is a graph explaining properties of a liquid 
crystal display device of the present invention. 

[0027] FIG. 12 is a schematic sectional illustration of a 
liquid crystal display device according to another embodi 
ment of the present invention. 

[0028] FIG. 13 illustrates setting of the alignment direc 
tion and polariZation direction of a liquid crystal display 
device in an embodiment of the present invention. 

[0029] FIGS. 14A to 14D illustrate the principle of 
sWitching operation of a liquid crystal display device in an 
embodiment of the present invention. 

[0030] FIGS. 15A to 15C are schematic side sectional 
illustrations of a liquid crystal display device in an embodi 
ment of the present invention. 

[0031] FIG. 16 illustrates the circuit system in a liquid 
crystal display device in an embodiment of the present 
invention. 

[0032] FIG. 17 illustrates the optical system in a liquid 
crystal display device in an embodiment of the present 
invention. 

[0033] FIG. 18 a schematic frontal vieW of a spacer bead 
and its circumferential area in a liquid crystal display device 
in an embodiment of the present invention. 

[0034] FIG. 19 illustrates the ?lm structure around the 
group of electrodes (electrode structure) in a liquid crystal 
display device in an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] In the conventional TN mode normally open liquid 
crystal display devices, dark display is obtained in a state 
Where a high voltage is applied. In this case, most of the 
liquid crystal molecules are aligned in the direction of the 
electric ?eld Which is normal to the substrate surface, and 
the black level is obtained under a speci?c relationship 
betWeen the alignment of liquid crystal molecules and the 
disposition of polariZer. Therefore, uniformity of the black 
level is, in principle, not much dependent on the state of 
initial alignment under loW voltage. 

[0036] Further, the human eye recogniZes the nonunifor 
mity of luminance as a relative ratio of luminance and shoWs 
a reaction close to logarithmic scale, so that it is sensitive to 
the variation of black level. In this connection, the conven 
tional TN mode normally open liquid crystal display 
devices, in Which the liquid crystal molecules are forcibly 
aligned in one direction under high voltage, are insensitive 
to the state of initial alignment and advantageous in this 
respect. 

[0037] On the other hand, the IPS mode normally closed 
liquid crystal display devices are very sensitive to distur 
bance of the state of initial alignment as the black level is 
displayed at loW or Zero voltage in these display devices. 
Particularly in the con?guration of birefrigent mode in 
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Which the liquid crystal molecules take homogeneous align 
ment, ie they are aligned parallel to each other on the upper 
and loWer substrates, and Wherein one of the polariZers is 
arranged so that its light transmission axis Will be parallel to 
the direction of alignment of the liquid crystal molecules 
While the other polariZer is arranged orthogonal thereto, the 
polariZed light incident on the liquid crystal layer is alloWed 
to propagate With little disturbance of linear polariZation. 
This is effective for darkening black the dark level and 
alloWs ideal black display in principle. 

[0038] Ideal black display in principle is indeed realiZed, 
but on the other hand, only slight disturbance of initial 
alignment may directly lead to the initiation of light leakage, 
causing impediment of darkness in black display and deg 
radation of the black level. 

[0039] Transmittance T in the birefrigent mode in an IPS 
mode liquid crystal display devices is generally given by the 
folloWing equation (1): 

[0040] Wherein T0 is a factor, Which is a numerical value 
decided mainly by transmittance of the polariZer used in the 
liquid crystal panel, 0(E) is the angle made by the effective 
optical axis of the liquid crystal layer With the polariZed light 
transmission axis, An is liquid crystal refractive anisotropy, 
and 7» is light Wavelength. Here, the product of effective 
thickness deff of the liquid crystal layer and liquid crystal 
refractive anisotropy An, i.e. deff-An, is called retardation. 
Crystal layer thickness deff indicates the thickness of only 
the liquid crystal layer Which actually changes its direction 
of alignment When an electric voltage is applied, and does 
not express the thickness of the Whole liquid crystal layer, 
because the liquid crystal molecules around the interface of 
the liquid crystal layer Won’t be changed in their direction of 
alignment, under the in?uence of interfacial anchorage, even 
When an electric voltage is applied. Therefore, When the 
thickness of the Whole liquid crystal layer held betWeen a 
pair of substrates is represented by dLC, there alWays exists 
the relation of deff<dLC, and their difference can be esti 
mated to be approximately 20 to 40 nm though variable 
depending on certain factors such as the material used for the 
liquid crystal panel and the material forming the interface 
With the liquid crystal layer, for example, the alignment ?lm 
material. 

[0041] As is seen from the above equation (1), What is 
dependent on the strength of electric ?eld is the member sin 
2{20(E)} in the above equation, and luminance can be 
adjusted by varying the angle 0 in accordance With the 
electric ?eld strength. For making a normally closed liquid 
crystal display device, the polariZers are set such that 0 Will 
become 0° (74=0) When no electric voltage is applied, so 
that this display system is designed to be sensitive to 
disturbance in the direction of initial alignment. 

[0042] Thus, in the IPS mode normally closed liquid 
crystal display devices Which are sensitively to the distur 
bance in the direction of initial alignment, the main cause of 
retardation of darkness of dark display is light leakage that 
occurs at the periphery of the spacer, because such light 
leakage causes the liquid crystal molecules in the spacer 
surface to get aligned contrary to the action of the alignment 
control ?lm Which Works to align the liquid crystal mol 
ecules in the speci?ed direction. 
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[0043] The above phenomenon—that the spacer interface 
functions like an alignment control ?lm to cause contrary 
alignment of the liquid crystal molecules—is not the only 
case With the IPS mode. HoWever, as mentioned above, the 
TN mode normally closed liquid crystal display devices are 
not much affected by light leakage caused by disturbance in 
the direction of initial alignment. Also, in the TN mode 
normally closed liquid crystal display devices, means are 
incorporated for letting the liquid crystal molecules align 
vertically on the spacer bead surface. This seems to be for 
the folloWing reason. 

[0044] When the liquid crystal molecules are aligned 
parallel to the spacer bead surface, this is an equal value as 
to Whether they are parallel or vertical to the substrate. In the 
TN mode normally closed liquid crystal displays, an electric 
?eld is applied in the direction vertical to the substrates to 
operate the display system so that the liquid crystal mol 
ecules Will be aligned parallel to the direction of electric 
?eld, so that the disturbance of alignment in the polar 
direction triggers a fatal increase of light leakage. In other 
Words, since in the TN mode the liquid crystal molecules rise 
up in the polar direction When the system is operated, such 
state of rise-up in the polar direction is equal to parallel 
alignment When vieWed from the spacer bead/liquid crystal 
interface, and is stabiliZed as is. It is, therefore, almost 
impossible to control the liquid crystal molecules to take 
parallel alignment Which can prevent them from rising up in 
the polar direction. So, in the prior art, it has been tried to 
provide the spacer beads With a vertically aligning function. 
This is designed to instabiliZe the rise-up of the liquid crystal 
molecules in the polar direction Where light leakage is most 
likely to occur. 

[0045] In the case of the IPS mode, hoWever, although 
rise-up in the polar direction gives no in?uence on light 
leakage, disturbance of alignment in the aZimuthal direction 
forces to cause a fatal increase of light leakage. The spacer 
beads With disposition to vertical alignment tend to cause 
deviation of alignment in the aZimuthal direction, so that 
When such vertical alignment-oriented spacer beads used in 
the TN mode liquid crystal displays are applied to the IPS 
mode liquid crystal displays, there results in an increase of 
light leakage. It is thus impossible With the conventional 
techniques to lessen light leakage around the spacer beads in 
the IPS normally closed liquid crystal displays. 

[0046] This is the problem Which is not encountered in the 
STN mode Where the same birefrigent mode is employed, so 
it is required to contrive a means of solution peculiar to the 
liquid crystal display devices employing the IPS mode in 
Which an electric ?eld is generated in the transverse direc 
tion. 

[0047] The present inventors have made further researches 
on the cause of light leakage around the spacer beads and 
found that the folloWing factors are involved in the matter of 
light leakage caused by the spacer beads. 

[0048] One factor is that high light leakage around the 
spacer beads impedes darkness of dark display to Worsen the 
black level. Another factor concerns the facts that the degree 
of light leakage differs among the spacer beads, and that 
local concentration of the spacer beads causing high light 
leakage induces nonuniformity or irregularity of luminance. 

[0049] Therefore, although it is of course a matter of 
concern to lessen light leakage itself around the spacer 
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beads, it is also an important subject for study to device 
means for alloWing their uniform in-plane distribution. 

[0050] Further, in the IPS mode liquid crystal display 
device, When a pretilt angle betWeen the alignment control 
?lm and the liquid crystals becomes higher, there is a 
problem in that the Wide vieWing angle of the IPS mode 
liquid crystal display, Which is one of characteristics, is 
damaged. Particularly When the pretilt angle is more than 4°, 
the vieWing angle properties are rapidly narroWed, so that it 
is found that particularly the Wide vieWing angle is prefer 
able When the pretilt angle is made 3° or less (Ohe, et al: 
Liquid Crystals vol. 22, no. 4, p391, 1997). 

[0051] It is an object of the present invention to provide a 
liquid crystal display device of high contrast ratio, Which is 
freed of the said problem of light leakage associated With the 
spacer beads in the IPS mode normally closed liquid crystal 
display devices. 

[0052] More speci?cally, the present invention envisions 
to provide a normally closed liquid crystal display device, 
especially an active-matrix liquid crystal display device 
employing the in-plane sWitching mode, and having a pretilt 
angle betWeen an alignment control ?lm and liquid crystals 
of 4° or less, characteriZed in that light leakage centering 
around each spacer is controlled to be divided into four 
shapes. 
[0053] Embodiments of the present 
described beloW: 

[0054] (1) A normally closed liquid crystal display 
device comprising: 

[0055] a pair of substrates at least one of Which is 
transparent, 

[0056] a liquid crystal layer disposed betWeen said 
pair of substrates, 

[0057] a group of electrodes for applying to said 
liquid crystal layer an electric ?eld substantially 
parallel to the substrate plane and one or more active 
elements connected to said electrodes, said group of 
electrodes and active elements being formed on one 
of said pair of substrates, 

[0058] an alignment control ?lm formed on said pair 
of substrates, and 

[0059] an optical means for changing the optical 
properties according to the state of molecular align 
ment of said liquid crystal layers 

invention are 

[0060] Wherein the thickness of said liquid crystal 
layer is controlled to be substantially uniform by the 
spacer beads dispersed and held betWeen said pair of 
substrates, a pretilt angle betWeen said alignment 
control ?lm and liquid crystals is 4° or less, and a 
contact angle betWeen said liquid crystals and said 
spacer is 0° to 60°. 

[0061] (2) A normally closed liquid crystal display 
device comprising: 

[0062] a pair of substrates at least one of Which is 
transparent, 

[0063] a liquid crystal layer disposed betWeen said 
pair of substrates, 
































