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(57) ABSTRACT 

A liquid crystal display device includes an array substrate 
and a counter substrate, a liquid crystal cell held betWeen the 
substrates 300 and containing liquid crystal molecules 
arranged to have an alignment corresponding to alignment 
properties of inner surfaces of the substrates, ?rst and second 
polarizing plates having individual polarization axes and 
mounted on outer surfaces of the ?rst and second substrates, 
respectively, a pixel electrode and counter electrode formed 
on the array substrate to apply a lateral electric ?eld sub 
stantially parallel to the ?rst and second substrate into the 
liquid crystal cell. The liquid crystal display device controls 
the alignment of the liquid crystal molecules by the lateral 
electric ?eld betWeen the pixel and counter electrodes. 
Particularly, in the liquid crystal display device, an optical 
retardation plate is interposed at least betWeen the ?rst 
polarizing plate and the array substrate, and an optical axis 
and retardation value of the optical retardation plate are 
determined to compensate for twisting of the alignment of 
the liquid crystal molecules caused upon application of the 
lateral electric ?eld. 
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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a liquid crystal display 
device, in particular, to a liquid crystal display device mainly 
using an electric ?eld substantially in parallel to a display 
screen. 

[0002] In recent years, liquid crystal display devices have 
been used in various ?elds by virtue of their merits: light 
Weight, thinness, and loW poWer consumption. Particularly, 
a Widespread liquid crystal display device has a structure in 
Which tWisted nematic (TN) liquid crystal is held betWeen 
electrode substrates. 

[0003] In such a conventional liquid crystal display 
device, the brightness and color considerably vary With the 
vieWing angle. This is a factor Which makes it difficult to 
comply With a demand for a large display screen. 

[0004] Under the circumstances, development of a liquid 
crystal display device mainly using an electric ?eld substan 
tially in parallel to a display screen has been continuing so 
as to solve the problem. Such a liquid crystal display device 
is disclosed, for eXample, in Jpn. Pat. Appln. KOKAI 
Publication No. 63-21907. 

[0005] As shoWn in FIG. 9, the liquid crystal display 
device comprises an array substrate 10 having a piXel 
electrode 1 and a counter electrode 3 both formed thereon, 
a counter substrate 20 facing the array substrate 10, and a 
liquid crystal cell 30 Which contains TN liquid crystal 
molecules of a positive anisotropic dielectric constant and is 
held betWeen the substrates 10 and 20. The liquid crystal cell 
30 is held betWeen the substrate 10 and 20 via aligning ?lms 
13 and 23 Which are treated to align the liquid crystal 
molecules in the same direction R. The alignment (treat 
ment) direction R forms a predetermined angle 01, for 
eXample, 80° With respect to a direction of an electric ?eld 
E created betWeen the piXel electrode 1 and the counter 
electrode 3. 

[0006] Polarizing plates 40 and 50 are respectively 
mounted on outer surfaces of the substrates 10 and 20 to 
have a cross-Nicol system in Which the polariZation aXis P1 
of the polariZing plate 40 is set in the alignment direction R, 
and the polariZation aXis P2 of the polariZing plate 50 is set 
in a direction orthogonal to the alignment direction R. 

[0007] With this system, the light transmittance is set at a 
minimum value When no voltage is applied betWeen the 
piXel electrode 1 and the counter electrode 3, and at a 
maXimum value mainly by the birefringence effect of the 
liquid crystal molecules aligned in the electric ?eld direction 
E shoWn in FIG. 10 When a voltage of a suf?cient level is 
applied betWeen the piXel electrode 1 and the counter 
electrode 3. 

[0008] In such a liquid crystal display device, upon appli 
cation of the voltage, the alignment of liquid crystal mol 
ecules is tWisted in a range from the main surface of each 
substrate to the middle of the liquid crystal cell since a 
binding force is applied to the liquid crystal molecules from 
the main surface of each substrate due to the alignment 
treatment. 

[0009] Since a considerable period of time is required for 
resuming the tWisted alignment obtained by application of a 
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voltage to an initial alignment of the molecules, the display 
device has a draWback that the response speed is sloW. This 
draWback is also raised in the case Where the liquid crystal 
cell has a negative anisotropic dielectric constant. 

[0010] On the other hand, Jpn. Pat. Appln. KOKOKU 
Publication No. 7-261152 discloses a technique of control 
ling the light transmittance by selection betWeen application 
of a high level voltage and application of a loW level voltage, 
instead of selection betWeen application of a voltage and 
nonapplication of the voltage, so as to use ICs of a loW 
Withstand voltage in a liquid crystal display device. Since 
this technique enables reduction in the amplitudes of volt 
ages applied to the electrodes, ICs of a loW Withstand 
voltage can be used in the liquid crystal display device. 

[0011] The inventors of the present invention have studied 
this technique and found that the technique enhances the 
response speed as a result of the control of liquid crystal 
molecules during Which voltage application is retained. 

[0012] HoWever, it is also recogniZed that the contrast 
ratio is deteriorated due to the above-mentioned control of 
liquid crystal molecules during Which voltage application is 
retained. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention has been achieved in vieW of 
the above-mentioned problem, and an object of the present 
invention is to provide a liquid crystal display device 
capable of attaining good vieWing angle characteristics 
Without deteriorating characteristics of the device, such as 
contrast ratio and response speed. 

[0014] According to the invention, there is provided a 
liquid crystal display device Which comprises ?rst and 
second substrates; a liquid crystal cell held betWeen the ?rst 
and second substrates and containing liquid crystal mol 
ecules arranged to have an alignment corresponding to 
alignment properties of inner surfaces of the ?rst and second 
substrates; ?rst and second electrodes formed on the ?rst 
substrate to apply a lateral electric ?eld substantially parallel 
to the ?rst and second substrate into the liquid crystal cell; 
?rst and second polariZing plates having individual polar 
iZation aXes and mounted on outer surfaces of the ?rst and 
second substrates, respectively; and an optical retardation 
plate interposed at least betWeen the ?rst polariZing plate 
and the ?rst substrate; Wherein an optical aXis and retarda 
tion value of the optical retardation plate are determined to 
compensate for tWisting of the alignment of the liquid 
crystal molecules caused upon application of the lateral 
electric ?eld. 

[0015] According to another aspect of the present inven 
tion, there is provided a liquid crystal display device Which 
comprises ?rst and second substrates; a liquid crystal cell 
held betWeen the ?rst and second substrates and containing 
liquid crystal molecules arranged to have an alignment 
corresponding to alignment properties of inner surfaces of 
the ?rst and second substrates; ?rst and second electrodes 
formed on the ?rst substrate to apply a lateral electric ?eld 
substantially parallel to the ?rst and second substrate into the 
liquid crystal cell; ?rst and second polariZing plates having 
individual polariZation aXes and mounted on outer surfaces 
of the ?rst and second substrates, respectively; and ?rst and 
second optical retardation plates interposed betWeen the ?rst 
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polarizing plate and the ?rst substrate and the second 
polarizing plate and the second substrate, respectively; 
Wherein When a ?rst lateral electric ?eld is produced to 
obtain a dark state and a second lateral electric ?eld is 
produced to obtain a bright state, optical aXes and retardation 
values of the ?rst and second optical retardation plates are 
determined to compensate for tWisting of the alignment of 
the liquid crystal molecules caused upon application of the 
?rst lateral electric ?eld. 

[0016] In the liquid crystal display device of the present 
invention, a lateral electric ?eld is used to sWitch the 
alignment of liquid crystal molecules, and thus can attain 
good vieWing angle characteristics. Further, the optical aXis 
and the retardation value of each optical retardation plate is 
determined to compensate for tWisting of the liquid crystal 
molecules, and thus the contrast ratio can be improved While 
maintaining a high response speed. 

[0017] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments give 
beloW, serve to eXplain the principles of the invention. 

[0019] FIG. 1 is a perspective vieW schematically shoW 
ing a liquid crystal display device according to an embodi 
ment of the present invention; 

[0020] FIG. 2 is a plain vieW schematically shoWing a part 
of an array substrate shoWn in FIG. 1; 

[0021] FIG. 3 is a sectional vieW schematically shoWing 
a section of a part of the liquid crystal panel, taken along a 
line III-III shoWn in FIG. 2; 

[0022] FIGS. 4A and 4B are graphs shoWing a tWisted 
alignment of liquid crystal molecules in a liquid crystal cell 
shoWn in FIG. 3; 

[0023] FIG. 5 is a diagram schematically shoWing a 
circuit con?guration of the liquid crystal display device 
shoWn in FIG. 1; 

[0024] FIG. 6 is a timing chart shoWing Waveforms for 
driving the liquid crystal display device shoWn in FIG. 1; 

[0025] FIG. 7 schematically shoWs an eXample of an 
alignment structure of a liquid crystal panel shoWn in FIG. 
3; 
[0026] FIG. 8 schematically shoWs another eXample of 
the alignment structure of the liquid crystal panel shoWn in 
FIG. 3; and 

[0027] FIGS. 9 and 10 are vieWs for explaining the 
conventional liquid crystal display device using a lateral 
electric ?eld. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] A liquid crystal display device according to an 
embodiment of the present invention Will be described With 
reference to the accompanying draWings. 

[0029] As shoWn in FIG. 1, the liquid crystal display 
device 100 includes a liquid crystal panel 500 in Which a 
liquid crystal cell 400 (see FIG. 3) is held betWeen an array 
substrate 200 and a counter substrate 300, and a driving 
circuit section 600 for driving the liquid crystal panel 500. 
The liquid crystal panel 500 includes an effective display 
area 111 having a diagonal siZe of 15 inches and capable of 
displaying a color image. In the liquid crystal panel 500, 
(1024><3) ><786 display piXels are arranged in matrix. 

[0030] The array substrate 200 for the liquid crystal panel 
500 includes 1024><3 signal lines 211 having a multi-layered 
structure of molybdenum/ aluminum/ molybdenum, 786 
scanning lines 221 of molybdenumtungsten alloy (Mo-W 
alloy), and thin ?lm transistors (TFTs) 231. The signal lines 
211 and the scanning lines 221 are arranged to intersect at 
right angles and the TFTs 231 are arranged near intersections 
of the signal lines 211 and the scanning lines 221, on a 
transparent grass substrate 201. The glass substrate 201 has 
a polished surface and a thickness of 0.7 mm. More spe 
ci?cally, each TFT 231 has a gate electrode is formed of one 
of the scanning lines 221, a gate insulating ?lm 241 made of 
silicon nitride (SiNX), an amorphous silicon hydride semi 
conductor layer (a-SizH) 233 formed over the gate electrode 
via the gate insulating ?lm 241. A channel protection ?lm 
235 made of a silicon nitride ?lm (SiNX) is positioned on the 
amorphous silicon hydride semiconductor layer (a-SizH) 
233, and source and drain electrodes 251 and 261 are 
electrically connected to the a-Si:H ?lm 233 via loW 
resistance amorphous silicon hydride semiconductor layers 
(n+a-Si:H) 237 and 239 in Which phosphorus is doped. The 
drain electrode 261 is integrally formed With one of the 
signal lines 211. The source electrode 251 has a multi 
layered structure of molybdenum/aluminum/molybdenum, 
similarly to the signal lines, and eXtends along one of the 
signal lines 211 to form a stripe serving as a piXel electrode 
271. Further, a ?rst storage capacitance electrode 273 is 
formed in contact With an end of the stripe and serves as a 
storage capacitance Cs. A counter electrode 281 is made of 
Mo-W alloy similarly to the scanning line 221, and arranged 
substantially in parallel With the scanning line 221. The 
counter electrode 281 has ?rst and second electrodes 283 
and 285 arranged substantially in parallel With the piXel 
electrode 271, and a second storage capacitance electrode 
287 Which overlaps the ?rst storage capacitance electrode 
273 via the gate insulating ?lm 241 interposed therebe 
tWeen. With this structure, the liquid crystal molecules are 
controlled by a lateral electric ?eld betWeen the piXel 
electrode 271 and the ?rst electrode 283 and a lateral electric 
?eld betWeen the piXel electrode 271 and the second elec 
trode 285. The array substrate 200 further has an aligning 
?lm 291 arranged to cover these electrodes. 

[0031] The counter substrate 300 for the liquid crystal 
panel 500 includes a transparent glass substrate 301 Which 
has a polished surface and a thickness of 0.7 mm, and a light 
shielding ?lm 311 Which is made of resin and arranged on 
the glass substrate 301 for the piXel matriX. The light 
shielding ?lm 311 shields lights leaked from gaps betWeen 
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the signal lines 211 and the counter electrodes 281 and 
betWeen the scanning lines 221 and the counter electrodes 
281 in the array substrate 200, and lights undesirably irra 
diating the TFTs 231. In openings of the shielding ?lm 311, 
color ?lters 321 of red (R), blue (B), and green (G) are 
arranged to enable displaying of a color image. Further, an 
aligning ?lm 341 is formed on a smoothing layer 331 Which 
is made of transparent resin and covers the color ?lters 321. 

[0032] In a gap betWeen the array substrate 200 and the 
counter substrate 300, ?ne polymers (not shoWn) are dis 
persed so that a distance d betWeen the substrates 200 and 
300 is maintained at 3.5 pm, for example. The substrate 
distance d is preferable to be set Within a range of 1.5 to 5.5 
pm, more desirably, Within a range of 3.0 to 4.0 pm,in order 
to attain an adequate response speed of liquid crystal With a 
loW voltage, and to secure the uniformity of display perfor 
mance. 

[0033] The liquid crystal cell 400 is made of a nematic 
liquid crystal material Which is held in the gap betWeen the 
substrates 200 and 300 and has positive anisotropic dielec 
tric constant e of 10.7, anisotropic refractive index 6n of 
0.10, and viscosity of 21 cps. 

[0034] On the array substrate 200, the liquid crystal mol 
ecules in the liquid crystal cell 400 are aligned by the 
aligning ?lm 291 Which is alignment-treated such that the 
liquid crystal molecules form a pretilt angle 0of 50 With 
respect to the array substrate 200 and form an acute angle 0 
R1 With respect to the electric ?eld direction E of the lateral 
electric ?eld betWeen the pixel electrode 271 and the counter 
electrode 281. On the counter substrate 300, the liquid 
crystal molecules in the liquid crystal cell 400 are aligned by 
aligning ?lm 341 Which is alignment-treated such that the 
liquid crystal molecules form a pretilt angle 0 of 50 With 
respect to the array substrate 300 and form an acute angle 0 
R2 With respect to the electric ?eld direction E of the lateral 
electric ?eld betWeen the pixel electrode 271 and the counter 
electrode 281. Alignment directions R1 and R2 of the liquid 
crystal molecules are opposite to each other. 

[0035] The angles 0 R1 and 0 R2 are normally set at the 
same value less than 90° and not less than 45°, preferably 
Within a range of 60° to 88°. 

[0036] optical retardation plates 411 and 421 are respec 
tively mounted on the outer surface of the array substrate 
200 and the outer surface of the counter substrate 300 such 
that the optical axis W1 of the plate 411 forms a predeter 
mined angle 0 W1 With respect to the alignment direction 
R1, and the optical axis W2 of the plate 421 forms a 
predetermined angle 0 W2 With respect to the alignment 
direction R2. The angles 0W1 and 0 W2 are preferably set 
Within a range of 45° to 135°, or 60° to 90°, or more 
preferably, 80° to 90°. 

[0037] Further, polariZing plates 431 and 441 such as 
G1220DU (manufactured by NITTO DENKO CO., LTD.) 
are respectively mounted on the outer surfaces of the optical 
retardation plates 411 and 421 such that the polariZing axis 
of the plate 431 forms an angle 0 P1 With respect to the 
lateral electric ?eld E betWeen the pixel electrode 271 and 
the counter electrode 281, and the polariZing axis of the plate 
441 forms an angle 0 P2 With respect to the lateral electric 
?eld E betWeen the pixel electrode 271 and the counter 
electrode 281. 
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[0038] With the above-mentioned structure, the geometri 
cal aperture ratio of the liquid crystal panel 500 is set at 30% 
When the transmittance of the color ?lters 321 and the like 
are not taken into consideration. 

[0039] The function of the optical retardation plates 411 
and 421 of the liquid crystal panel 500 Will be described 
beloW. FIG. 4A shoWs an alignment of the liquid crystal 
molecules obtained When a voltage of 4.0 V is applied 
betWeen the pixel electrode 271 and the counter electrode 
281, and FIG. 4B shoWs an alignment of the liquid crystal 
molecules obtained When a voltage of 10.0 V is applied 
betWeen the pixel electrode 271 and the counter electrode 
281. 

[0040] As should be clear from these graphs, the align 
ment of the liquid crystal molecules is tWisted both in the 
cases Where a loW voltage is applied thereto and Where a 
high voltage is applied thereto. TWisting of the alignment of 
the liquid crystal molecules decreases the contrast ratio of 
the liquid crystal display device since the light transmittance 
is reduced When a bright state is designated, and light 
leakage occurs When a dark state is designated. 

[0041] In the present embodiment, the optical retardation 
plates 411 and 421 are provided to compensate for undesired 
tWisting of the alignment of the liquid crystal molecules 
Which may decrease the constant ratio. With this compen 
sation, only liquid crystal molecules located in the middle of 
the liquid crystal cell and contributing to sWitching of the 
display state are aligned into a substantially uniform direc 
tion, and this alignment direction is determined as a refer 
ence for improving the light transmittance in the bright state 
and suppressing light leakage in the dark state. 

[0042] The retardation values Rr1 and Rr2 of the optical 
retardation plates 411 and 421 can be determined on the 
basis of the retardation value RLc of the liquid crystal cell 
400, in the folloWing manner, for example: 

[0043] When the retardation value RLc of the liquid 
crystal cell 400 can be obtained from the formula 
6n~d~cos20 Where the pretilt angle of the liquid 
crystal molecules is denoted as 0 , the substrate 
distance is denoted as d, and anisotropic refractive 
index is denoted as An. In this embodiment, the 
retardation value RLc is 347 nm. As described 
above, the alignment of the liquid crystal molecules 
near each of the aligning ?lms 291 and 341 cannot be 
changed according to the electric ?eld direction since 
this alignment is ?xed due to a binding force applied 
from each of the aligning ?lms 291 and 341. 

[0044] For example, When the dark state (Where a high 
voltage is applied) is designated in a normally-White mode, 
compensation needs to be performed for the alignment of 
liquid crystal molecules separated from the aligning ?lms 
291 and 341 by a distance of about 0.05~d to 0.20d and not 
accurately aligned according to the electric ?eld. Assuming 
that the optical retardation plates 411 and 421 are formed a 
uniaxial oriented ?lms, the retardation values Rr1 and Rr2 
thereof are preferable to be set at 0.05 RLc to 0.20~RLc, 
more desirably, 0.08 ‘RLc to 0.12 ~RLc Where RLc is the 
retardation value of the liquid crystal cell 400. If one of the 
optical retardation plates 411 and 421 is eliminated, the 
retardation value of the remaining optical retardation plate is 
preferably set Within a range of 0.10-RLc to 0.40~RLc, more 
desirably, 0.15-RLc to 0.25~RLc. 
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[0045] On the other hand, When the dark state (Where a 
loW voltage is applied) is designated in a normallyblack 
mode, compensation needs to be performed for the align 
ment of liquid crystal molecules separated from the aligning 
?lms 291 and 341 by a distance about d~1/7to d ~4/9 and not 
accurately aligned according to the electric ?eld. Assuming 
that the optical retardation plates 411 and 421 are formed as 
uniaxial oriented ?lms, the retardation values Rr1 and Rr2 
thereof are preferable to be set at 1/7 RLc to 4/9RLc, more 
desirably, 1A1 RLc to 4/9 RLc Where RLc is the retardation 
value of the liquid crystal cell 400. If one of the optical 
retardation plates 411 and 421 is eliminated, the retardation 
value of the remaining optical retardation plate is preferably 
set Within a range of 1/3 RLc to 273 RLc. 

[0046] Instead of the uniaxial oriented ?lms, the optical 
retardation plates 411 and 421 may be formed as ?lms for a 
tWisted alignment, for example. In this case, the retardation 
values can be slightly larger than the above-mentioned 
values, and preferably increased from the above-mentioned 
values by about 20%. 

[0047] The optical retardation plates 411 and 421 may be 
formed of materials having the same retardation value, and 
also formed of materials having retardation values different 
on the side of the array substrate 200 and on the side of the 
counter substrate 300. 

[0048] Since the electric ?eld is more effective on the side 
of the array substrate 200 than on the side of the counter 
substrate 300, the amount of compensation on the side of the 
array substrate 200 can be more reduced than that on the side 
of the counter substrate. Accordingly, In the case Where the 
optical retardation plates 411 and 421 are set to different 
retardation values, it is preferable that the retardation value 
of the plate 411 on the side of the array substrate 200 is set 
smaller than that of the plate 421 on the counter substrate 
300. 

[0049] The angles 0 W1 and 0 W2 respectively formed by 
the optical axes W1 and W2 of the optical retardation plates 
411 and 421 and the alignment direction R are suitable to be 
set Within a range of 450 to 1350 , more preferably, 60° to 
90°, in particular, Within a range of 80° to 90°. The angles 
0 W1 and 0 W2 are respectively obtained With respect to the 
optical axes W1 and W2 in the tWisted direction of liquid 
crystal molecules upon application of a voltage. 

[0050] Next, the driving circuit section 600 Will be 
described With reference to FIGS. 5 and 6. The driving 
circuit section 600 includes a controller 641 Which receives 
digital data DATA and a synchroniZation signal Sync sup 
plied from the outside to output a vertical scanning start 
signal VST and a vertical scanning clock signal VCK to a 
vertical scanning circuit 611, to output a horiZontal scanning 
start signal HST, a horiZontal scanning clock signal HCK, a 
polarity inversion signal POL, and to output the digital data 
DATA in synchronism With these signals to a horiZontal 
scanning circuit 621, and the polarity inversion signal POL 
to a counter electrode driving circuit 631. 

[0051] The vertical scanning circuit 611 has a shift register 
for serially shifting the vertical scanning start signal VST in 
response to the vertical scanning clock signal VCK to output 
scanning signals VY1 to VY786 to the scanning lines. 

[0052] The horiZontal scanning circuit 621 includes a shift 
register for serially shifting the horiZontal scanning start 
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signal HST in response to the horiZontal scanning clock 
signal HCK, a sampling circuit for sequentially sampling the 
digital data DATA according to outputs of the shift register, 
and a DAC circuit for D/A converting the digital data DATA 
into video signal voltages Vsig1 - Vsig3072 to be supplied 
to the scanning lines, on the basis of the polarity inversion 
signal POL. 

[0053] The counter electrode driving circuit 631 is 
arranged to output a counter electrode voltage VCOM 
determined according to the polarity inversion signal POL. 

[0054] [First Example] 
[0055] The ?rst example of the alignment structure of the 
liquid crystal panel 500 Will be described With reference to 
FIG. 7. 

[0056] In FIG. 7, E denotes an electric ?eld direction of 
the lateral electric ?eld applied betWeen the pixel electrode 
271 and the counter electrode 281. The aligning ?lms 291 
and 341 of the array and counter substrates 200 and 300 
form angles 0 R1 and 0 R2 of 70° With respect to the 
direction of the lateral electric ?eld E, and the liquid crystal 
molecules on the array and counter substrates 200 and 300 
are respectively aligned in the alignment directions R1 and 
R2 opposite to each other. 

[0057] The optical retardation plates 411 and 421 are 
formed as uniaxial oriented ?lms made of triacetylcellulose 
and having a retardation value of 30 nm. The optical axes 
W1 and W2 of the optical retardation plates 411 and 421 are 
set to respectively form angles 0 W1 and 0 W2 of substan 
tially 90° With respect to the alignment directions R1 and 
R2. PolariZation axes P1 and P2 of the polariZing plates 431 
and 441 are arranged to be orthogonal to each other and 
slanted toWard the alignment direction R1 from the lateral 
electric ?eld direction E by 3 and by 93°, respectively. In this 
manner, the liquid crystal panel 500 of the normally-White 
mode is formed. 

[0058] In the liquid crystal display device 100 having the 
above-mentioned structure, When a voltage of 3.6 V is 
applied to the liquid crystal, the light transmittance is set at 
a maximum level (bright state), i.e., 3.3% (33% in a dummy 
cell from Which in?uence by a color ?lter and the like is 
excluded). When a voltage of 10.0 V is applied to the liquid 
crystal, the light transmittance is set at a minimum level 
(dark state), i.e., 0.03% (0.3% in the dummy cell). As should 
be clear from this, the device attains a remarkably high 
contrast ratio. Regarding to the response speed, the sWitch 
ing from the bright state to the dark state takes 9 ms, and the 
sWitching from the dark state to the bright state takes 17 ms: 
a sufficiently high response speed is also recogniZed. 

[0059] [Example for Comparison] 
[0060] In contrast, in a liquid crystal display device having 
the same structure as that of the ?rst example, from Which 
the optical retardation plates 411 and 421 are removed, the 
bright state is attained When a voltage of 3.8 V is applied to 
the liquid crystal, and the light transmittance of 3.1% (31%, 
in the dummy cell) is attained in the time. The dark state is 
attained When the liquid crystal is applied With a voltage of 
10.2 V, and light transmittance of 0.09% (0.9% in the 
dummy cell) is recogniZed. As is clear from this, a suf?cient 
contrast ratio as attained by the structure of the ?rst example 
could not be attained With use of the structure of this 
example. 



US 2002/0008823 A1 

[0061] According to the ?rst example, the twisted align 
ment of the liquid crystal molecules, Which may increase the 
light transmittance, in the dark state, is compensated by the 
optical retardation plates 411 and 421. By virtue of the 
optical retardation plates, the alignment direction of the 
liquid crystal molecules are set to be a substantially uniform 
direction determined by only the liquid crystal molecules 
constituting the middle part of the liquid crystal cell 400, 
Which substantially contributes to the sWitching of display 
state. In this manner, the light transmittance in the dark state 
could be effectively suppressed. In the bright state, the 
tWisted alignment of the liquid crystal molecules is com 
pensated by the optical retardation plates 411 and 421 so that 
the alignment direction of the liquid crystal molecules forms 
an angle of substantially 450 With respect to the polariZation 
axes P1 and P2 of the polariZing plates 431 and 441 in order 
to form an ideal homogeneous alignment. In this manner, the 
light transmittance in the bright state could be suf?ciently 
enhanced. 

[0062] In addition to the above, according to the ?rst 
example, the sWitching of the liquid crystal molecules in the 
middle part of the liquid crystal cell 400 other than those 
near the main surfaces of the substrates 101 and 201 is 
mainly used to enhance the response speed since the align 
ment of the liquid crystal molecules is tWisted both in the 
bright and dark states. Further, in the sWitching to the bright 
state, the voltage applied to the liquid crystal cell 400 
increases as compared With the sWitching from the initial 
molecular alignment. 

[0063] [Second Example] 

[0064] Next, the second example of the liquid crystal 
panel 500 Will be described beloW. In this example, the 
optical retardation plates 411 and 421 Which have retarda 
tion tWisted in a direction of thickness are interposed, 
instead of the optical retardation plates of the ?rst example. 
The optical retardation plates 411 and 421 are arranged such 
that optical axes W1 and W2 on sides on Which the plates 
411 and 421 contact glass substrates 201 and 301 form 
angles 0 W1 and 0 W2 of substantially 90° With respect to 
alignment directions R1 and R2, respectively. The tWisting 
angles of the optical axes are set at substantially 70 ° along 
a tWisting direction of the liquid crystal molecules. The 
optical retardation plates 411 and 421 are set to have the 
retardation value of 40 nm in the direction of the optical axes 
W1 and W2 contacting the glass substrates 201 and 301. The 
liquid crystal display device of the second example is 
formed in the similar manner to that of the ?rst example, 
except that the anisotropic refractive index An of the liquid 
crystal cell 400 is set at 0.103 in order to compensate the 
reduction of the retardation effective to the sWitching of the 
liquid crystal display device. 

[0065] In the second example, When the voltage of 3.4 V 
is applied to the liquid crystal, the light transmittance is set 
at the maximum level (the bright state), i.e., the light 
transmittance of 3.5% (35% in the dummy cell), and When 
the voltage of 9.8 V is applied to the liquid crystal, the light 
transmittance is set at the minimum level (the dark state), 
i.e., the light transmittance of 0.02% (0.2% in the dummy 
cell). As is clear from this, the device of the second example 
also attained remarkably high level of contrast ratio. 
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[0066] The response speed is also recogniZed to be suf? 
ciently high: the sWitching from the bright state to the dark 
state takes 8 ms, and the sWitching from the dark state to the 
bright state takes 17 ms. 

[0067] [Third example] 

[0068] The third example of the alignment structure of the 
liquid crystal panel 500 Will be described With reference to 
FIG. 8. The liquid crystal panel 500 of the third example is 
constituted as the normally-black mode device. 

[0069] Unlike the ?rst example, the liquid crystal cell 400 
of the third example is formed of nematic liquid crystal 
material having the anisotropic dielectric constant e of +9.9, 
the anisotropic refractive index An of 0.09, and the viscosity 
of 21 cps. In the third example, a uniaxial oriented ?lm of 
polycarbonate having a retardation value of 50 nm is used to 
form the optical retardation plates 411 and 421, Which are 
arranged to have the optical axes W1 and W2 substantially 
orthogonal to the alignment directions R1 and R2. The 
polariZing plates 431 and 441 are arranged such that the 
polariZation axis P1 of the polariZing plate 431 is slanted 
toWard the alignment direction R1 from the lateral electric 
?eld direction E by an angle of 0 P1 of 70° (such that the 
polariZation axis P1 corresponds to the alignment direction 
R1), the polariZation axis P2 of the polariZing plate 441 is 
slanted toWard the alignment direction R1 from the lateral 
electric ?eld direction E by an angle 0 P2 of 160° , and the 
axes P1 and P2 are orthogonal to each other. 

[0070] In the third example, When a voltage of 1.0 V is 
applied to the liquid crystal, the light transmittance is set at 
a minimum level (the dark state), i.e., 0.02% (0.2% in the 
dummy cell). When a voltage of 6.3 V is applied to the liquid 
crystal, the light transmittance is set at a maximum level (the 
bright state), i.e., 3.1% (31% in the dummy cell). As should 
be clear from this, the device of the third example attains a 
remarkably high contrast ratio. 

[0071] Since the liquid crystal in the third example is 
applied With the voltage betWeen 1.0 V and 6.3 V, the 
response speed is loWer than those attained in the other 
examples. 

[0072] [Fourth Example] 

[0073] The fourth example of the alignment structure of 
the liquid crystal panel 500 Will be described beloW. The 
liquid crystal panel 500 of the fourth example is also 
constituted as the normally-black mode device. 

[0074] Unlike the third example, the polariZing plates 431 
and 441 of the fourth example are arranged such that the 
polariZation axis P1 of the polariZing plate 431 is slanted 
toWard the alignment direction R1 from the lateral electric 
?eld direction E by an angle of 0 P1 of 60° , the polariZation 
axis P2 of the polariZing plate 441 is slanted toWard the 
alignment direction R1 from the lateral electric ?eld direc 
tion E by an angle 0 P2 of 150°, the axes P1 and P2 are 
orthogonal to each other. In short, the polariZing plates are 
arranged not by making the polariZation axis P1 of the 
polariZing plate 431 correspond to the alignment direction 
R1, but by reducing the angles set in the third example by 
100 in the tWisting direction of the liquid crystal molecules 
to offset With reference to the tWisted alignment of the liquid 
crystal molecules. 
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[0075] In the fourth example, When a voltage of 2.4 V is 
applied to the liquid crystal, the light transmittance is set at 
a minimum level (the dark state), i.e., 0.04% (0.4% in the 
dummy cell). When a voltage of 8.4 V is applied to the liquid 
crystal, the light transmittance is set at a maximum level (the 
bright state), i.e., 3.1% (31% in the dummy cell). As should 
be clear from this, the device attains remarkably high 
contrast ratio. The response speed is also recogniZed to be 
sufficiently high: the sWitching from the bright state to the 
dark state takes 30 ms, and the sWitching from the dark state 
to the bright state takes 10 ms. 

[0076] In this example, the dark state is attained by 
applying a loW voltage. In accordance thereWith, the polar 
iZing plate 431 is arranged to have an orientation offset With 
respect to the alignment direction, thereby leakage light is 
more decreased to attain high contrast in comparing the 
examples described above. 

[0077] [Fifth Example] 
[0078] The ?fth example of the alignment structure of the 
liquid crystal panel 500 Will be described beloW. The liquid 
crystal panel 500 of the ?fth example is constituted as the 
normally-black mode device. 

[0079] The device of the ?fth example differs from the 
fourth example in that the polariZing plate 441 is arranged so 
as to incline a polariZation axis P2 of the polariZing plate 441 
by an angle 0 P2 of 155° in the alignment direction RI With 
respect to the lateral electric ?eld direction E, such that the 
axis P1 of the polariZing plate 431 and the axis P2 cross each 
other to form an angle of 95° larger than a right angle formed 
in the other examples. 

[0080] In the ?fth example, When a voltage of 2.2 V is 
applied to the liquid crystal, the light transmittance is set at 
a minimum level (the dark state), i.e., 0.03% (0.3% in the 
dummy cell). When a voltage of 8.6 V is applied to the liquid 
crystal, the light transmittance is set at a maximum level (the 
bright state), i.e., 3.1% (31% in the dummy cell). As should 
be clear from this, the device attains remarkably high 
contrast ratio. 

[0081] The response speed is also recogniZed to be suf? 
ciently high: the sWitching from the bright state to the dark 
state takes 28 ms, and the sWitching from the dark state to 
the bright state takes 8 ms. 

[0082] According to the ?fth example, by setting the 
crossing angle of the polariZing plates 431 and 441 larger 
than 900 , the deviation of polariZed light components due 
to the alignment of the liquid crystal molecules could be 
compensated, thereby higher contrast in comparing With the 
fourth example is attained. 

[0083] [Sixth Example] 
[0084] The sixth example of the alignment structure of the 
liquid crystal panel 500 Will be described beloW. The liquid 
crystal panel 500 of the sixth example is also constituted as 
the normally-black mode device. 

[0085] The sixth example differs from the ?fth example in 
that an unaxial stretched ?lm of polycarbonate having a 
retardation value of 100 nm is used as the optical retardation 
plates 411 and 421. 

[0086] According to the liquid crystal display device of 
the sixth example, When a voltage of 2.1 V is applied to the 
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liquid crystal, the light transmittance is set at a minimum 
level (the dark state), i.e., 0.02% (0.2% in the dummy cell). 
When a voltage of 8.5 V is applied to the liquid crystal, the 
light transmittance is set at a maximum level (the bright 
state), i.e., 3.1% (31% in the dummy cell). As should be 
clear from this, the device attains remarkably high contrast 
ratio. 

[0087] The response speed is also recogniZed to be suf? 
ciently high: the sWitching from the bright state to the dark 
state takes 25 ms, and the sWitching from the dark state to 
the bright state takes 7 ms. 

[0088] [Seventh Example] 
[0089] The seventh example of the alignment structure of 
the liquid crystal panel 500 Will be described beloW. The 
liquid crystal panel 500 of the seventh example is consti 
tuted in the normally- black mode. 

[0090] This example also differs from the ?fth example in 
that the optical axes W1 and W2 of the optical retardation 
plates 411 and 421 contacting the surfaces of the glass 
substrates 201 and 301 form the angles 0 W1 and 0 W2 of 
substantially 90° With respect to the alignment directions R1 
and R2 respectively, and the tWisting angle thereof is sub 
stantially 200 along the tWisting direction of the liquid 
crystal molecules. The optical retardation plates 411 and 421 
have a retardation value of 150 nm in directions of the 
optical axes W1 and W2 contacting the surfaces of the glass 
substrates 201 and 301. 

[0091] In the seventh example, When a voltage of 2.1 V is 
applied to the liquid crystal, the light transmittance is set at 
a minimum level (the dark state), i.e., 0.01% (0.1% in the 
dummy cell). When a voltage of 8.0 V is applied to the liquid 
crystal, the light transmittance is set at a maximum level (the 
bright state), i.e., 3.2% (32% in the dummy cell). As should 
be clear from this, the device attains remarkably high 
contrast ratio. The response speed is also recogniZed to be 
suf?ciently high: the sWitching from the bright state to the 
dark state takes 25 ms, and the sWitching from the dark state 
to the bright state takes 5 ms. 

[0092] It is understood that the present invention is not 
limited to the examples described above, and that various 
changes and modi?cations may be effected therein by one 
skilled in the art Without departing from the scope or spirit 
of the invention. 

[0093] In the above-mentioned embodiment, the material 
having positive anisotropic dielectric constant is used for the 
liquid crystal cell. It goes Without saying that the material 
having negative anisotropic dielectric constant is used for 
the liquid crystal cell. 

[0094] In this embodiment, the optical retardation plates 
are provided to the devices in all the examples. The effect of 
the present invention can be attained by providing the 
optical retardation plate to at least one side of the liquid 
crystal cell of the device. It is more preferable, of course, to 
provide the optical retardation plate to both sides. 

[0095] The substrates for the liquid crystal display device 
can be formed of the optical retardation plates. 

[0096] The pixel electrode 271 and the counter electrode 
281 are arranged to be parallel to each other and to extend 
in the same direction in various portions in the above 



US 2002/0008823 A1 

mentioned embodiment. These electrodes can be bent at a 
predetermined angle in each pixel. In this case, the electric 
?eld direction E in each pixel may have more than one 
direction, but the present invention can be used by setting 
the electric ?eld direction E as general one. 

[0097] Further, the driving circuit is arranged outside of 
the liquid crystal panel in the above-mentioned embodiment. 
The driving circuit can be incorporated in the liquid crystal 
panel if TFTs of polycrystalline silicon or the like are formed 
for the driving circuit. 

[0098] As described above, the liquid crystal display 
device of the present invention can sufficiently enhance the 
response speed and attain a high contrast ratio. 

[0099] Additional advantages and modi?cations Will 
readily occurs to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. Claims 

1. A liquid crystal display device comprising: 

?rst and second substrates; a liquid crystal cell held 
betWeen said ?rst and second substrates and containing 
liquid crystal molecules arranged to have an alignment 
corresponding to alignment properties of inner surfaces 
of said ?rst and second substrates; ?rst and second 
electrodes formed on said ?rst substrate to apply a 
lateral electric ?eld substantially parallel to said ?rst 
and second substrate into said liquid crystal cell; ?rst 
and second polariZing plates having individual polar 
iZation aXes and mounted on outer surfaces of said ?rst 
and second substrates, respectively; and an optical 
retardation plate interposed at least betWeen said ?rst 
polariZing plate and said ?rst substrate; Wherein an 
optical aXis and retardation value of said optical retar 
dation plate are determined to compensate for tWisting 
of the alignment of said liquid crystal molecules caused 
upon application of the lateral electric ?eld. 

2. A liquid crystal display device according to claim 1, 
Wherein a bright state and a dark state are designated by 
selectively applying one of ?rst and second voltages 
betWeen said ?rst and second electrodes, said ?rst and 
second voltages being substantially not Zero and differ from 
each other. 

3. A liquid crystal display device according to claim 2, 
Wherein the ?rst voltage is set loWer than the second voltage 
to designate the bright state by applying the ?rst voltage and 
to designate the dark state by applying the second voltage. 

4. A liquid crystal display device according to claim 3, 
Wherein said liquid crystal molecules are aligned in a 
predetermined alignment direction R on the inner surfaces of 
said ?rst and second substrates, and a direction E of the 
lateral electric ?eld and the predetermined alignment direc 
tion R form an angle less than 90° and not less than 45° 

5. A liquid crystal display device according to claim 4, 
Wherein the direction E of the lateral electric ?eld and the 
alignment direction R form an angle of 60° to 88°. 

6. A liquid crystal display device according to claim 2, 
Wherein the ?rst voltage is set loWer than the second voltage 
to designate the dark state by applying the ?rst voltage and 
to designate the bright state by applying the second voltage. 
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7. A liquid crystal display device according to claim 6, 
Wherein said liquid crystal molecules are aligned in a 
predetermined alignment direction R on the inner surfaces of 
said ?rst and second substrates, and a direction E of the 
lateral electric ?eld and the predetermined alignment direc 
tion R form an angle less than 90° and not less than 45° 

8. A liquid crystal display device according to claim 7, 
Wherein the direction E of the lateral electric ?eld and the 
predetermined alignment direction R form an angle of 60° to 
88°. 

9. A liquid crystal display device according to claim 1, 
Wherein said liquid crystal molecules are aligned in a 
predetermined alignment direction R on the inner surfaces of 
said ?rst and second substrates, and an optical aXis W of said 
optical retardation plate and the predetermined alignment 
direction R form an angle of 45° to 135 . 

10. A liquid crystal display device according to claim 9, 
Wherein the optical aXis W of said optical retardation plate 
and the alignment direction R form an angle of 60° to 90°. 

11. A liquid crystal display device according to claim 1, 
Wherein the retardation value of said optical retardation plate 
is 1/3 to 273 of a retardation value RLc of said liquid crystal 
cell. 

12. A liquid crystal display device according to claim 1, 
Wherein another optical retardation plate is interposed 
betWeen said second polariZing plate and said second sub 
strate, Wherein a retardation value of each optical retardation 
plate is 1/7 to 4/9 of a retardation value RLc of said liquid 
crystal cell. 

13. A liquid crystal display device according to claim 12, 
Wherein the retardation value of each optical retardation 
plate is 1A to 4/9 of the retardation value RLc of said liquid 
crystal cell. 

14. A liquid crystal display device according to claim 1, 
Wherein one of the polariZation aXes of said ?rst and second 
polariZing plates is offset With reference to a tWisted align 
ment of said liquid crystal molecules. 

15. A liquid crystal display device according to claim 14, 
Wherein the polariZation aXes of said ?rst and second 
polariZing plates intersect each other at an angle larger than 
90°. 

16. A liquid crystal display device according to claim 1, 
Wherein an optical aXis of said optical retardation plate is 
tWo-dimensionally tWisted. 

17. A liquid crystal display device comprising: 

?rst and second substrates; a liquid crystal cell held 
betWeen said ?rst and second substrates and containing 
liquid crystal molecules arranged to have an alignment 
corresponding to alignment properties of inner surfaces 
of said ?rst and second substrates; ?rst and second 
electrodes formed on said ?rst substrate to apply a 
lateral electric ?eld substantially parallel to said ?rst 
and second substrate into said liquid crystal cell; ?rst 
and second polariZing plates having individual polar 
iZation aXes and mounted on outer surfaces of said ?rst 
and second substrates, respectively; and ?rst and sec 
ond optical retardation plates interposed betWeen said 
?rst polariZing plate and said ?rst substrate and said 
second polariZing plate and said second substrate, 
respectively; Wherein When a ?rst lateral electric ?eld 
is produced to obtain a dark state and a second lateral 
electric ?eld is produced to obtain a bright state, optical 
aXes and retardation values of said ?rst and second 
optical retardation plates are determined to compensate 
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for twisting of the alignment of said liquid crystal 
molecules caused upon application of the ?rst lateral 
electric ?eld. 

18. A liquid crystal display device according to claim 17, 
Wherein the ?rst lateral electric ?eld is smaller than the 
second electric ?eld. 

19. A liquid crystal display device according to claim 18, 
Wherein said ?rst polariZing plate and said ?rst and second 
optical retardation plates are arranged to obtain substantially 
linear polariZed light output toWard said second polariZing 
plate, and the optical aXis of said second polariZing plate is 
arranged to be substantially orthogonal to the output light 
When the tWisted alignment of said liquid crystal rnolecules 
occurs upon application of the ?rst lateral electric ?eld. 

20. A liquid crystal display device according to claim 17, 
Wherein the ?rst lateral electric ?eld is larger than the second 
electric ?eld. 

21. A liquid crystal display device according to claim 20, 
Wherein said ?rst polariZing plate and said ?rst optical 
retardation plate are arranged to obtain substantially linear 
polariZed light output toWard said second polariZing plate, 
and the optical aXis of said second polariZing plate is 
arranged to be substantially orthogonal to the output light 
When the tWisted alignment of said liquid crystal rnolecules 
occurs upon application of the ?rst lateral electric ?eld. 
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22. A liquid crystal display device according to claim 17, 
Wherein said ?rst optical retardation plate is arranged to 
obtain substantially linear polariZed light output toWard said 
second polariZing plate, and the optical aXis of said second 
polariZing plate is arranged to be substantially orthogonal to 
the output light. 

23. A liquid crystal display device according to claim 17, 
Wherein said ?rst and second optical retardation plates have 
a same structure. 

24. A liquid crystal display device according to claim 17, 
Wherein an optical aXis of one of said ?rst and second optical 
retardation plates is tWodirnensionally tWisted. 

25. A liquid crystal display device according to claim 1, 
Wherein said ?rst and second substrates respectively include 
?rst and second alignrnent ?lrns Which serve as the inner 
surfaces to align the liquid crystal molecules in a same 
direction. 

26. A liquid crystal display device according to claim 17, 
Wherein said ?rst and second substrates respectively include 
?rst and second alignrnent ?lrns Which serve as the inner 
surfaces to align the liquid crystal molecules in a same 
direction. 


