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(57) ABSTRACT 

ATBA-liquid crystal display panel including a liquid crystal 
medium with positive dielectric anisotropy, wherein the liq 
uid crystal medium includes, in 100% by weight of the liquid 
crystal compounds identified by the compounds recited in 
formulas I through IX below: 
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wherein, 
R", R. R*, R. R. R. R. and R independently denote 
Cls linear alkyl, preferably propyl or pentyl, 

R° denote C linear alkyl, preferably butyl or pentyl; and 
R" denotes C linear alkyl, preferably methyl. 
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LIQUID CRYSTAL DISPLAY PANEL 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a liquid crystal dis 
play (LCD) panel including a liquid crystal (LC) medium 
with positive dielectric anisotropy (AS). 
0003 2. Discussion of the Background 
0004. There is a great demand for LCDs, in particular of 
the matrix type, which have very high specific resistance at 
the same time as a large working-temperature range, short 
response times even at low temperatures and low threshold 
voltage. LC media are required which facilitate the following 
advantages in LC cells: 

0005 extended nematic phase range (in particular down 
to low temperatures) 

0006 the ability to switch at extremely low tempera 
tures (outdoor use, automobile, avionics) 

0007 increased resistance to UV radiation (longer ser 
vice life). 

0008 For LC cells, LC media are desired which enable 
greater multiplexability, lower threshold voltages and 
broader nematic phase ranges, in particular at low tempera 
tures. A further widening of the available parameter latitude 
(clearing point, Smectic-nematic transition or melting point, 
Viscosity, dielectric parameters, elastic parameters) is also 
desired. Also, the LC media should have favourable values of 
ratio of the elastic constants K33/K11. 
0009 For TV, mobile and monitor applications, LC media 
are desired which have a fast response time and a low thresh 
old voltage, furthermore a good LTS (low temperature stabil 
ity). Also, depending on the thickness of the switchable LC 
layer, a moderate or high birefringence may be required. 
However, the LC media known in prior art have the disadvan 
tage that they often do not allow all these requirements to be 
achieved simultaneously, without negatively affecting the 
other parameters of the LC cell. 
0010 Display mode of LC panels is determined in accor 
dance with how to get LCs in an LC cell to align. TN (Twisted 
Nematic) mode, MVA (Multi-domain Vertical Alignment) 
mode, IPS (In-plane Switching) mode, OCB (Optically self 
Compensated Birefringence) mode, and the like, are known 
as conventional LC panel display modes. 
0011. Among these, TN-LCD panels have been widely 
used, but have disadvantages such as slow response time and 
narrow viewing angle. 
0012. Further, an MVA mode (MVA-LCD) also has been 
known. In this mode, a pixel electrode in an active matrix 
substrate is provided with slits, and projections (ribs) for LC 
alignment control are formed on a counter electrode in a 
counter Substrate, and the slits and the projections are used to 
form a fringe field, thereby aligning LC molecules in multiple 
different directions. In the MVA mode, each pixel region is 
divided into plural regions different in alignment direction of 
LC molecules, and thus multi-domain can be achieved per 
pixel region. Therefore, a widening of the viewing angle is 
allowed. Further, the MVA mode is one kind of VA mode, so 
that it provides contrast ratio (CR) higher than that of the 
respective TN, IPS, and OCB modes. However, the MVA 
mode still has room for improvements because it requires 
complicated production processes, and as in TN mode, has 
slow response time. 
0013 Recently, there has been proposed a TBA (Trans 
verse Bend Alignment) mode where nematic LCs with posi 
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tive dielectric anisotropy (AS) (hereinafter, also referred to 
p-type nematic LCs) are used as an LC material, and the initial 
alignment of the LC molecules is vertical alignment, and 
comb-like electrodes are used to apply a Voltage to the LC 
medium. In this mode, a pair of comb-like electrodes forms a 
transverse electric field, and under the influence of this elec 
tric field, the alignment behaviour of LC molecules is shown. 
The TBA mode is one kind of VA mode, so that it provides 
high contrast ratio. Further, the TBA mode requires no align 
ment control attributed to projections, and therefore, it has a 
simple pixel configuration and has excellent viewing angle 
characteristics. 

0014. As an example of the TBA mode, for example, Japa 
nese Kokai Publication No. Hei-10-333171 discloses an LCD 
panel including: first and second Substrates facing each other; 
a layer of LC materials that are injected between the first and 
second substrates and that are vertically aligned to the first 
and second Substrates; and at least two electrodes parallel to 
each other formed in one of the first and second substrates. 

SUMMARY OF THE INVENTION 

0015 The present invention has the aim of providing a 
TBA-LCD panel having an LC medium that does not have the 
above-mentioned disadvantages or only do so to a reduced 
extent, particularly used for active matrix displays like those 
of the TFT (thin film transistor) type. The LC medium pref 
erably simultaneously has a very high specific resistance, a 
low threshold Voltage, a low rotational viscosity, a broad 
nematic phase range with high clearing point, an improved 
LTS and fast switching times. Another aim of the present 
invention is to extend the pool of LC media available to the 
expert. Other aims of the present invention are immediately 
evident from the following description. 
(0016 Use of the LC medium for TBA-LCD panels allows 
achieving these aims and also providing excellent display 
characteristics in terms of both contrast ratio and viewing 
angle characteristics. 
0017. That is, the present invention provides a liquid crys 

tal display panel, including: 
0.018 
0019 a liquid crystal medium with positive dielectric 
anisotropy, held by the first and second substrates therebe 
tween; and 
0020 comb-like first and second electrodes disposed in 
parallel to each other on the first substrate, 
0021 the liquid crystal medium comprising liquid crystal 
compounds that align vertically to the first and second Sub 
strate surfaces in the absence of applied Voltage, 
0022 wherein the liquid crystal medium comprises, in 
100% by weight of all the liquid crystal compounds, 
0023 

first and second Substrates facing each other; 

15 to 20% by weight of a compound of formula I, 
0024, 22 to 27% by weight of a compound of formula II, 
0025 1 to 5% by weight of a compound of formula III, 
0026 4 to 8% by weight of a compound of formula IV. 
(0027 15 to 20% by weight of a compound of formula V. 
0028 5 to 10% by weight of a compound of formula VI, 
(0029 7 to 10% by weight of a compound of the formula 
VII 
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0030) 1 to 5% by weight of a compound of formula VIII, 
and 
0031 15 to 20% by weight of a compound of formula IX, 
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0032 in the formulae, 
0033 R', R. R*, R. R. R. R., and R independently 
denoting Cls linear alkyl, preferably propyl or pentyl, 
I0034) R' denoting O linear alkyl, preferably butyl or 
pentyl, 
I0035) R' denoting Cls linear alkyl, preferably methyl. 
0036 By combining the above-mentioned LC medium 
characteristics with high contrast ratio and wide viewing 
angle characteristics of the TBA mode, an LCD panel with 
extremely excellent display characteristics that must not be 
obtained by each alone can be provided. 
0037. It is preferable that each of the first and second 
electrodes has a width L of 1.0 to 4.0 lum. It is preferable that 
the space between the first and second electrodes is 15.0 um 
or less. 

0038. If the width L of each of the first and second elec 
trodes and the space S between the first and second electrodes 
are out of the respective ranges, the transmittance can 
decrease. 

0039 Especially preferably, the LC medium includes one 
or more compounds selected from the group consisting of the 
following compounds: 
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-continued 
Vb 

F 

HCs -(-)-(-)- CFO F 
F 

WIa 

F F 

HC (h) (O) (O) (O) OCF 
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VIIa 

F F F 

F F 
VIIIa 

F F 
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IXa 

F F 

HC (O) (O) CFO F. 
F F 

0040. In a preferred embodiment the LC medium essen 
tially consists of the compounds of the formulae I to IX. 
0041. In a preferred embodiment the LC medium con 

tains: 
0042 7 to 10% by weight of a compound of the formula Ia; 
0043 8 to 10% by weight of a compound of the formula Ib: 
0044 17 to 20% by weight of a compound of the formula 
IIa, 
0045 5 to 7% by weight of a compound of the formula IIb: 
0046) 2 to 4% by weight of a compound of the formula 
IIIa, 
0047 5 to 8% by weight of a compound of the formula 
IVa; 
0048 7 to 10% by weight of a compound of the formula 
Va; 
0049) 8 to 10% by weight of a compound of the formula 
Vb; 
0050 7 to 9% by weight of a compound of the formula 
VIa; 
0051 7 to 9% by weight of a compound of the formula 
VIIa; 
0052 1.5 to 3.5% by weight of a compound of the formula 
VIIIa; and 
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0053) 16 to 18% by weight of a compound of the formula 
IXa. 
0054. In a preferred embodiment, the LC medium consists 
exclusively of the above-mentioned compounds. 
0055. The LC medium according to the present invention 

is characterized by 
0056 a broad nematic phase with a very high clearing 
point, 
0057 a low viscosity, 
0.058 good LTS (low temperature stability) 
0059 a low threshold voltage, 
0060 high UV stability, 
0061 a high value for the positive dielectric anisotropy 
Ae, 
0062) a high value for the optical anisotropy An, whereas 
the product of An and A6 is in the range of 1.3 to 3.1. 
0063. In the pure state, the compounds of the formulae I to 
IX are colorless and form liquid crystal mesophases in a 
temperature range which is favourably located for electro 
optical use. They are stable chemically, thermally and to light. 
0064. The compounds of the formulae Ito IX are prepared 
by methods known per se, as descried in the literature (for 
example in the standard works, such as Houben-Weyl, Meth 
oden der organischen Chemie Methods of Organic Chemis 
try, George-Thieme-Verlag, Stuttgart), to be precise under 
reaction conditions which are known and suitable for the said 
reactions. Use can also be made here of variants which are 
known perse, but not mentioned here in greater detail. 
0065. The LC mixtures enable a significant widening of 
the available parameter latitude. Especially, it was found that 
they have a fast Switching time, low threshold Voltage, good 
LTS, high specific resistance, high UV stability and high 
capacity holding ratio (HR) as defined in S. Matsumoto et al., 
Liquid Crystals 5, 1320 (1989); K. Niwa at al., Proc. SIC 
Conference, San Francisco, June 1984, p. 304 (1984); G. 
Weber et al., Liquid Crystals 5, 1381 (1989). Also, the 
achievable combinations of clearing point, rotational viscos 
ity Y, low An and dielectric anisotropy are Superior to mate 
rials known from prior art. 
0066. The LC mixtures which can be used in accordance 
with the invention are prepared in a manner conventional per 
se. In general, a desired amount of the components used in a 
lesser amount is dissolved in the components making up the 
principal constituent, advantageously at elevated tempera 
ture. It is also possible to mix solutions of the components in 
an organic solvent, for example in acetone, chloroform or 
methanol, and to remove the solvent again, for example by 
distillation, after thorough mixing. 
0067. The LC medium may also include further additives 
known to the person skilled in the art and described in the 
literature. For example, 0 to 15% by weight of one or more 
additives selected from the group consisting of pleochroic 
dyes, stabilizers such as UV stabilizers, and antioxidants can 
be added to the LC medium. 
0068. The following gives the reason why the product of 
refractive index anisotropy An and dielectric anisotropy A6 
of the LC medium is preferably in the range of 1.3 to 3.1. 
When electrodes are disposed in a comb-like pattern as in 
TBA mode, electric field is difficult to be applied to LC 
materials compared with other modes. As a result, a higher 
driving Voltage is required. For avoiding this problem, the A6 
value is preferably as high as possible. On the other hand, 
lower viscosity is desired for improvements in response char 
acteristics. Accordingly, for achieving both lower driving 
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Voltage and faster response speed, it is important to select 
well-balanced liquid crystal mixtures that can satisfy these 
demands. The present inventors found, as a result of the 
investigations, that in TBA mode like in the present invention, 
it is preferable that the product An A6 is determined within 
the above-mentioned numeral range. The nematic phase 
upper limit temperature (TNI) of LC materials is mentioned 
as the factor for the increase in Viscosity, and it is possible to 
adjust the balance using this temperature as a parameter. 
0069. The configuration of the LCD panel of the present 
invention is not especially limited by other components as 
long as the LCD panel essentially includes the above-men 
tioned components. The LCD panel includes, for example, 
another electrode in addition to the first and second electrodes 
as an electrode for applying a Voltage to the LC medium. 
0070 Specifically, preferred embodiments of the LCD 
panel of the present invention include: (1) the LCD panel 
includes Substantially only the first and second electrodes as 
an electrode for applying a Voltage to the LC medium; and (2) 
the second substrate includes a third electrode covering the 
entire display region. The embodiments (1) and (2) are dif 
ferent in direction of the director inside the LC medium. This 
difference leads to a slight difference in display characteris 
tics between the two embodiments (1) and (2). On the other 
hand, the two embodiments (1) and (2) are common in that 
excellent contrastratio and viewing angle characteristics are 
achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0071 FIG. 1 is a plan view schematically illustrating a 
configuration per sub-pixel in a TFT substrate of an LCD 
panel in accordance with Embodiment 1. 
0072 FIG. 2 is a cross-sectional view schematically illus 
trating a configuration (in the presence of applied Voltage) of 
the LCD panel of Embodiment 1. 
0073 FIG. 3 is a plan view schematically illustrating a 
configuration per sub-pixel in a TFT substrate of an LCD 
panel in accordance with Embodiment 2. 
0074 FIG. 4 is a cross-sectional view schematically illus 
trating a configuration of an LCD panel of Embodiment 3. 
0075 FIG. 5 is a graph showing a V-T (voltage-transmit 
tance) curve of a test cell of the LCD panel of Embodiment 3. 

DESCRIPTION OF THE EMBODIMENTS 

0076. The present invention will be mentioned in more 
detail referring to the drawings in the following embodi 
ments, but is not limited to these embodiments. 

Embodiment 1 

0077. The LCD panel of Embodiment 1 is a TEA-LCD 
panel where a pair of electrodes provided in the same sub 
strate forms anarch-like lateral electric fieldinan LC medium 
and the alignment of LC molecules whose initial alignment is 
Vertical alignment is controlled, thereby controlling image 
display. 
0078. According to the LCD panel of Embodiment 1, a 
plurality of pixels each constituted by a plurality of sub-pixels 
are arranged in a matrix pattern. The LCD panel of Embodi 
ment 1 includes a pair of substrates composed of a TFT 
Substrate and a counter Substrate, and an LC medium inter 
posed therebetween. More specifically, the LCD panel of 
Embodiment 1 includes these members in order of the TFT 
substrate, the LCD medium, and the counter substrate from 
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the back face side to the observation face side. The LC 
medium contains nematic LCs with positive dielectricanisot 
ropy (Ae-0). 
007.9 FIG. 1 is a plan view schematically illustrating a 
configuration per sub-pixel in a TFT substrate of the LCD 
panel in accordance with Embodiment 1. As illustrated in 
FIG. 1, the TFT substrate includes: source lines (signal elec 
trode lines) 11 for transmitting an image signal; gate lines 
(scanning signal lines) 12 for transmitting a scanning signal; 
and switching elements, or thin film transistors (TFTs) 14 
provided, one per sub-pixel. Each of the TFTs 14 includes: a 
source electrode 11 connected to any of the source lines 11; a 
gate electrode 12 connected to any of the gate lines 12; and a 
drain electrode 13 connected to the source electrode 11 with 
a semiconductor layer 15 therebetween. The TFT substrate 
includes a comb-like pixel electrode (first electrode) 21 and a 
comb-like common electrode (second electrode) 22 for 
applying a fixed Voltage to the LC medium. 
0080. The source lines 11 are disposed to linearly extend 
in parallel to one another. The gate lines 12 are also disposed 
to linearly extend in parallel to one another. The source lines 
11 and the gate lines 12 are disposed to be perpendicular to 
each other. 
0081. The source lines 11 are connected to a source driver, 
and a source Voltage (signal Voltage), which is an image 
signal, is fed from the source driver into the source electrode 
11 of the TFT 14. The gate lines 12 are connected to a gate 
driver, and a gate Voltage, which is a scanning signal, is 
pulse-fed from the gate driver at a specific timing into the TFT 
14 in a line-Sequential manner. 
I0082. A drain-extracting line 13 is extended from the drain 
electrode 13 of the TFT 14. The drain-extracting line 13 and 
the pixel electrode 21 are disposed in separate layers with an 
insulating film therebetween, and are connected to each other 
through a contact part 16 formed in the insulating film. Thus, 
the TFT 14 is connected to the pixel electrode 21 through the 
drain-extracting line 13 and the contact part 16. Through the 
TFT 14 that is switched into an ON-state by a scanning signal 
input thereto and keeps its state for only a certain period of 
time, a signal Voltage fed from the source line 11 is applied to 
the pixel electrode 21 at a specific timing. 
I0083. The common electrode 22 is disposed in a layer 
different from the layer including the gate line 12 with an 
insulating film therebetween. The common electrode 22 is 
disposed to overlap with the gate line 12. Into the common 
electrode 22, a common Voltage that is kept at a certain level 
is applied. 
I0084. The pixel electrode 21 includes a main part 21a and 
a plurality of branched parts 21b extended from part of the 
main part 21a. The common electrode 22 includes: a main 
part 22a overlapping with the gate line 12; and a plurality of 
branched parts 22b extended from part of the main part 22a. 
I0085. The branched part 21b of the pixel electrode 21 and 
the branched part 22b of the common electrode 22 are dis 
posed to linearly extend in parallel to each other. The 
branched part 21b of the pixel electrode 21 and the branched 
part 22b of the common electrode 22 are disposed to engage 
with each other with a certain space therebetween. The 
branched part 21b of the pixel electrode 21 and the branched 
part 22b of the common electrode 22 are disposed to be also 
parallel to the source lines 11. 
I0086 According to the LCD panel of Embodiment 1, a 
lateral electric field induced between the branched part 21b of 
the pixel electrode 21 and the branched part 22b of the com 
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mon electrode 22 controls alignment of LC molecules, and 
the Sub-pixels are each independently controlled by a single 
TFT 14. 

I0087. The branched part 21b of the pixel electrode 21 and 
the branched part 22b of the common electrode 22 are pref 
erably determined to have a width L1 of about 1.0 to 4.0 um 
and have a width of L2 of about 1.0 to 4.0 um, respectively. 
The L1 and L2 are each more preferably 2.5 to 4.0 Lum. The 
space S between the pixel electrode 21 and the common 
electrode 22 is not especially limited, and preferably 15.0 um 
or less, and more preferably 4.0 to 12.0 um. If the width L1, 
L2 and the space S are out of the respective ranges, the 
transmittance can decrease. 

0088 FIG. 2 is a cross-sectional view schematically illus 
trating a configuration (in the presence of applied Voltage) of 
the LCD panel of Embodiment 1. As illustrated in FIG. 2, the 
LCD panel 1 includes: a TFT substrate (first substrate) 2; a 
counter substrate (second substrate) 3 facing the TFT sub 
strate 2; and an LC medium 4 interposed therebetween. The 
LCD panel of Embodiment 1 includes, in addition to such an 
LCD panel 1, for example, a backlight unit (not shown) 
disposed on the back-face side of the LCD panel 1. 
I0089 LC molecules (LC compounds) 51 inside the LC 
medium 4 show alignment vertical to the Substrate Surface in 
the absence of applied voltage. More specifically, rod-liked 
LC molecules 51 are all aligned in the same direction such 
that their long axes are in the direction vertical to the substrate 
Surface. 

0090. As illustrated in FIG. 2, by applying a voltage 
between the pixel electrode 21 and the counter electrode 22, 
the alignment of the LC molecules 51 begins to change along 
an arch-like lateral electric field formed between these elec 
trodes. Thus, a group of the LC molecules 51, which is influ 
enced by the electric field, shows a bend-pattern alignment 
symmetrical with respect to the middle region between the 
pixel electrode 21 and the counter electrode 22. However, as 
found from FIG. 2, the LC molecules 51 located just above the 
pixel electrode 21 and the common electrode 22 are kept to be 
vertically aligned because they are hardly influenced by the 
electric field change. The LC molecules 51 located in the 
middle region between the respective electrodes, farthest 
from the respective electrodes, are also kept to be vertically 
aligned. 
0091. The respective members illustrated in FIG. 2 are 
mentioned in more detail below. Examples of materials for 
the insulating substrate (first substrate).31 include transparent 
materials of glass, plastic, and the like. Examples of materials 
for the gate insulating film 32 include transparent insulating 
materials of silicon oxide, silicon nitride, and the like. 
0092. Examples of materials for the source electrode 
(Source line) 11, the gate electrode (gate line) 12, and the 
drain electrode (drain-extracting line) 13 include metals such 
as aluminum, tantalum, and molybdenum. The source elec 
trode (source line) 11 and the drain electrode (drain-extract 
ing line) 13 are disposed in the same layer, and therefore when 
these are made of the same material, the production processes 
can be simplified. 
0093. On the LC medium-side surface of the source elec 
trode (source line) 11 and the drain electrode (drain-extract 
ing line) 13, an interlayer insulating film is formed. Through 
the contact part 16 formed in the interlayer insulating film, the 
drain electrode (drain-extracting line) 13 and the pixel elec 
trode 21 are connected to each other. 
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0094. The interlayer insulating film may be made of an 
inorganic material oran organic material. The interlayer insu 
lating film may be composed of a plurality of layers of dif 
ferent materials, and these layers may be a multi-layer struc 
ture composed of an inorganic insulating layer and an organic 
insulating layer. 
(0095. The pixel electrode 21 and the common electrode 22 
are disposed in the same layer, and this allows a lateral electric 
field to be formed at a high density between the pixel elec 
trode 21 and the common electrode 22, and as a result, the LC 
molecules inside the LC medium can be controlled with high 
accuracy. 
0096. Examples of materials for the pixel electrode 21 and 
the common electrode 22 include metal oxides such as 
indium tin oxide (ITO) and indium zinc oxide (IZO), and 
other metals such as aluminum and chrome. Since the pixel 
electrode 21 and the common electrode 22 are disposed in the 
same layer, use of the same material for these electrodes can 
simplify the production processes. Among the above-men 
tioned materials, transparent electrodes Such as the above 
mentioned metal oxides are preferably used in view of 
increase in transmittance. 
(0097. On the LC medium side surface of the pixel elec 
trode 21 and the common electrode 22, a vertical alignment 
film 34 is disposed to cover these electrodes. This vertical 
alignment film 34 provides the LC molecules with initial tilt 
vertical (90+0 to 4) to the TFT substrate surface, and thus, in 
the absence of applied Voltage, Vertical alignment can be 
achieved. The vertical alignment film 34 is made of for 
example, resin Such as polyimide. 
0098. The counter substrate 3, which is disposed facing 
the TFT substrate 2 with the LC medium 4 therebetween, 
includes color filter (CF) layers and a black matrix (BM) layer 
for light-shielding the space between the CF layers. The CF 
layers are each disposed within a sub-pixel region defined in 
the TFT substrate. On the LC medium 4-side surface of the 
CF layers and the BMlayer, an overcoat layer 43 for flattening 
the counter Substrate 3 surface is disposed to suppress a 
variation in the LC molecule alignment. On the LC medium 
4-side surface of the overcoat layer 43, no electrodes for 
applying a voltage to the LC layer are disposed, and instead, 
the vertical alignment film 44 like in the TFT substrate 2 is 
disposed directly on the overcoat layer 43. 
(0099. The BM layer is disposed to overlap with the sur 
rounding of the Sub-pixels, i.e., with the source lines 11 and 
the gate lines 12. The CF layers are used for color display and 
made of for example, a pigment-containing transparent 
organic resin Such as acrylic resin. The CF layers are disposed 
such that the location of each CF layer corresponds to the 
location of each sub-pixel, specifically, such that the CF lay 
ers overlap with the regions Surrounded by the common elec 
trode 22, respectively. 
0100 Examples of materials for the insulating substrate 
(second Substrate) 41 include transparent insulating materials 
of glass, plastic, and the like. Examples of materials for the 
BM layer include light-shielding metals such as chrome (Cr), 
and light-shielding organic films of carbon-containing acrylic 
resin and the like. 
0101 Examples of materials for the overcoat layer 43 
include transparent insulating materials such as an inorganic 
insulating film of silicon nitride and the like and an organic 
insulating film of acrylic resin and the like. 
0102 Thus, the LCD panel of Embodiment 1 is a color 
LCD panel including the counter substrate 3 with the CF 
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layers, and each pixel is constituted by three sub-pixels which 
output respective colors of red (R), green (G), blue (B), and 
the like. In Embodiment 1, the colors and number of the 
Sub-pixels constituting the respective pixels are not especially 
limited and appropriately determined. The respective pixels 
may be constituted by three Sub-pixels of cyan (C), magenta 
(M), and yellow (Y), or four sub-pixels of different colors. 
(0103. The TFT substrate 2 and the counter substrate 3 are 
attached to each other with a sealant applied along the periph 
ery of the display region, and spacers such as plastic beads are 
provided between the TFT substrate 2 and the counter sub 
strate 3. 
0104. On a surface on the side opposite to the LC medium 
4 of the insulating substrate 31 of the TFT substrate 2, a 
polarizer 35 is attached. On a surface on the side opposite to 
the LC medium 4 of the insulating substrate 41 of the counter 
substrate 3, a polarizer 45 is attached. The transmission axes 
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of these polarizers 35 and 45 are orthogonal to each other, i.e., 
in cross-Nicol arrangement. The polarizer 35 on the TFT 
substrate 2 side and the polarizer 45 on the counter substrate 
3 side are each arranged that its transmission axis makes an 
angle of 45° with respect to the longitudinal direction of each 
of the branched part 21b of the pixel electrode 21 and the 
branched part 22b of the common electrode 22. The LCD 
panel of Embodiment 1 may be provided with optical films 
Such as retardation film, viewing angle compensation film, 
and the like, in addition to these polarizers 35 and 45. 
0105. Hereinafter, an LC mixture used in Embodiment 1 is 
mentioned in detail. 
0106. In the present embodiment and in the example 
below, the structures of the LC compounds in the LC medium 
are indicated by the following acronyms. 
0107 Particular preference is given to LC mixtures which 
include LC compounds selected from Table A: 

TABLE A 

(in and m: each independently from each other are 1, 2, 3, 4, 
or 5) 

call-(-)-() 

call-(a)-(r)- COO (O) () CnH2n+1 
CCPC-n-m 

F 

call-(-)-(-)- CFO -O- F 
F 

F F 

F 

CPGU--OT 
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TABLE A-continued 

(in and m: each independently from each other are 1, 2, 3, 4, 
or 5) 

F F 

CnH2n+1 (O) (O) (O) CFO F 
F 

-O-O-O-O- 
F F 

CnH2n+ -O-O- CFO -O- F 
F F 

0108. The following Table B shows possible stabilizers 
that can be added to the LC medium according to the present 
embodiment. 

TABLE B 

H 

HO S OH 

CH2+1 (e) (O) OH 

-d yd 

HO OH 
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TABLE B-continued 

CH2+1O OH o-c 

O 

OH HCs-COO-CH OH 

- O 

HO OH 

N-1N 1N1 O S 

O O 

HO 

to-O-O-O. OH 
O 

O 

O O O 
O 

O 

O 

HO 
OH 
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TABLE B-continued 

OH O 

~~~ 
O 

O HO 

N O 
NN 

O 

OH 

OH 

H 

N N S 
2 YCH, 

OH 
N N 

O 

S 
YCH, 

N 

N 

HO 

O O OH 

OH 

S-se O 
N N 
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TABLE B-continued 

N OH OH 

N= N N C 

C N1 Né 
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TABLE B-continued 
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OH 

2 
N 

OH 
O 

O 

N1 NN OH 

2 
N 

OH 
O 

O 

- 

0109 All temperatures are given in degrees Celsius. m.p. 
denotes melting point, clip-clearing point. Furthermore, 
C-crystal state, N=nematic phase, S=Smectic phase, and 
I-isotropic phase. The data between these symbols represent 
the transition temperatures. The optical data are measured at 
20°C., unless expressly stated otherwise. 
0110. In the present description, the term “threshold volt 
age' relates to the capacitive threshold (V), also known as 
the Freedericks threshold, unless explicitly indicated other 
wise. 

0111 All physical properties are and have been deter 
mined in accordance with “Merck Liquid Crystals, Physical 
properties of Liquid Crystals', status November 1997, Merck 

KGaA, Germany, and apply to a temperature of 20°C., and 
An is determined at 589 mm and A6 at 1 kHz, unless explicitly 
indicated otherwise in each case. 
0112 The voltage holding ratio is determined in test cells 
produced at Merck Japan Ltd. The measurement cells have 
alkaline free glass Substrates and are constructed with poly 
imidealignment layers (SE7492 from NISSANCHEMICAL 
INDUSTRIES, LTD.) with a layer thickness of 50 nm, which 
have been rubbed perpendicular to one another. The layer 
thickness is uniformly 6.0 Lum. The surface area of the trans 
parent electrodes of ITO is 1 cm. 
0113. The voltage holding ratio is determined after 30 
minutes in the oven at 70° C. (HR). The voltage used has a 
frequency of 60 Hz. 
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0114. The rotational viscosity is determined using the 
transient current method and the flow viscosity in a modified 
Ubbelohde viscometer. For liquid crystal mixtures ZLI-2293, 
ZLII-4792, and MLC-6608, all products from Merck KGaA, 
Darmstadt, Germany, the rotational viscosity values deter 
mined at 20° C. are 161 mPas, 133 mPas, and 186 mPas, 
respectively, and the flow viscosity values are 21 mm.S', 14 
mm.S', and 27 mm.S', respectively. 
0115 The following symbols are used in the present 
description: 
0116 V threshold voltage, capacitive IV at 20°C. 
0117 ne extraordinary refractive index measured at 20°C. 
and 589 mm 

0118 no ordinary refractive index measured at 20° C. and 
589 mm 

0119) An optical anisotropy measured at 20° C. and 589 

0120 e L dielectric susceptibility perpendicular to the 
director at 20° C. and 1 kHz 

0121 edielectric susceptibility parallel to the director at 
20° C. and 1 kHz, 

0122 A6 dielectric anisotropy at 20° C. and 1 kHz, 
(A6-6-6 L, where e denotes the dielectric constant par 
allel to the longitudinal molecular axes and 6 | denotes the 
dielectric constant perpendicular thereto) 

0123 y rotational viscosity measured at 20° C. mPa's 
0.124 K elastic constant, “spray” deformation at 20° C. 
pN 

0.125 K. elastic constant, “twist deformation at 20° C. 
pN 

0126 K. elastic constant, “bend deformation at 20° C. 
pN 

0127. LTS low-temperature stability (phase stability) 
determined in test cells 

I0128 Vo Voltage for 10% transmission (viewing angle 
perpendicular to the plate surface) 

0129. The electro-optical date are measured in a TN cell at 
the 1st minimum (i.e. at a d'Anvalue of 0.5 um) at 20° C. 
unless expressly stated otherwise. 
0130. The following example explains the LC mixture in 
the LC medium of the present embodiment. 

Example 1 

0131) 

CCQU-3-F 9.00% Clearing point C.: 94.5 
CCQU-5-F 9.00% An 589 mm, 20° C.: O.1214 
PUQU-3-F 16.00% Ae1 kHz, 20° C.: +20.4 
APUQU-2-F 8.00% YmPa is 184 
APUQU-3-F 9.00% VIV, 20° C.: O.81 
PGUQU-3-F 8.00% 
CPGU-3-OT 7.00% 
CC-4-V 18.00% 
CC-S-V S.OO% 
CCP-V-1 6.00% 
CCPC-33 3.00% 
PPGU-3-F 2.00% 

Embodiment 2 

0132 FIG. 3 is a plan view schematically illustrating a 
configuration per sub-pixel of a TFT substrate of an LCD 
panel in Embodiment 2. The LCD panel in Embodiment 2 is 
the same as that in Embodiment 1, except that the source line 
11, the branched part 21b of the pixel electrode 21, and the 
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branched part 22b of the common electrode 22 are each 
formed not in a linear pattern but in a V pattern per sub-pixel. 
Further, the source line 11, which is formed over a plurality of 
Sub-pixels, forms a Zig-Zag pattern in the entire Substrate 
plane. In Embodiment 2, the pair of polarizers is disposed 
such that the azimuths of their polarization axes are in the 
same relationship as in Embodiment 1, specifically, in paral 
lel or orthogonal to the extending direction of the gate lines 
12. 
I0133. The above-mentioned V-shaped part has such a 
shape as extending two opposite directions from the line 
bisecting the longitudinal side of the Sub-pixel, and the por 
tion extending to one direction and the portion extending to 
the other direction are symmetrical with respect to the line. 
This structure allows the LC molecules to align in directions 
oblique to the outer frame line of the sub-pixel so that regions 
different in alignment azimuth of the LC molecules from one 
another are formed to have equal areas. As a result, the view 
ing angle characteristics can be further improved. 

Embodiment 3 

I0134) The LCD panel of Embodiment 3 is a TBA-LCD 
panel where an electrode provided in a counter Substrate as 
well as a pair of electrodes provided in the same substrate 
forms an electric field in an LC medium and the alignment of 
LC molecules whose initial alignment is vertical alignment is 
controlled, thereby controlling image display. 
0.135 FIG. 4 is a cross-sectional view schematically illus 
trating a configuration of the LCD panel of Embodiment 3. As 
illustrated in FIG. 4, the LCD panel of Embodiment 3 
includes a pair of substrates composed of a TFT substrate and 
a counter substrate. The LCD panel of Embodiment 3 is 
different from those of Embodiments 1 and 2 in that the panel 
includes a counter electrode (third electrode) 42 provided in 
the counter substrate 3. Specifically, as illustrated in FIG. 4, 
the counter substrate 3 in Embodiment 3 includes an insulat 
ing Substrate 41, and further includes a counter electrode 42, 
an overcoat layer 43, and a vertical alignment film 44 stacked 
on the insulating substrate 41 in this order toward the LC 
medium 4. CF layers and a BM layer may be provided 
between the counter electrode 42 and the insulating substrate 
41. 
0.136 Examples of materials for the counter electrode 42 
include metal oxides such as ITO and IZO. The counter 
electrode 42 is formed to cover substantially the entire display 
region without electrical disconnection. The overcoat layer 
43 is also formed to cover substantially the entire display 
region. To the counter electrode 42, a specific electric poten 
tial that is common to all the pixel electrodes is applied. 
0.137 The TFT substrate 2 includes an insulating substrate 
31 as a base, and further includes a pixel electrode 21, a 
common electrode 22, and a vertical alignment film 34 simi 
larly in Embodiments 1 and 2 on the insulating substrate 31. 
Polarizers 35 and 45 are disposed on the outer surfaces of the 
TFT substrate 2 and the counter substrate 3, respectively, the 
outer Surfaces being Surfaces on the side opposite to the LC 
medium 4 side of the respective substrates 2 and 3. 
0.138 Except during black-screen display, a voltage 
applied to the pixel electrode 21 is different from voltages 
each applied to the common electrode 22 and to the counter 
electrode 42. The voltages applied to the common electrode 
22 and to the counter electrode 42 may be at the same or 
different levels from each other, and may be with the same or 
different polarities. The common electrode 22 and the counter 
electrode 42 may be both grounded. 
0.139. As illustrated in FIG. 4, the LC molecules in the 
LCD panel of Embodiment 3 exhibit alignment differentform 
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that of the molecules in the LCD panel of Embodiment 1. 
Specifically, the alignment behaviour is not bend alignment 
where LC molecules are aligned in an arch pattern, but align 
ment where some of the LC molecules are drawn to the 
counter Substrate. Accordingly, unlike in Embodiment 1, the 
LC molecules located in the middle region between the elec 
trodes does not maintain its vertical alignment and shows 
alignment oblique to the Substrate Surface. Thus, according to 
Embodiment 3, the number of dark lines can be decreased 
compared with the case in Embodiment 1, and the transmit 
tance can be enhanced. 
0140. Even in the LCD panel of Embodiment 3, similarly 
in Embodiment 1, generation of uneven display can be Sup 
pressed. Further, the response time can be improved attrib 
uted to the counter electrode 42. 

Characteristic Evaluation 

0141. The LCD panel of Embodiment 3 was evaluated for 
optical characteristics, specifically, V-T (voltage-transmit 
tance) and response time. 
0142 FIG. 5 is a graph showing a V-T (voltage-transmit 
tance) curve of a test cell of the LCD panel of Embodiment 3. 
As illustrated in FIG. 5, the transmittance (T) of the LCD 
panel increases in proportion to an increase in applied Voltage 
(V), but over a certain Voltage level, it gently increases. 
According to Embodiment 3, the threshold voltage was 2V. 
and thus the driving Voltage could be reduced, and the trans 
mittance at 6.5V was 4%. The response time was significantly 
improved from 16.7 msec, which is an indication of accep 
tance of conventional LCD panels. Specifically, the rise time 
(from black to white) was 9.5 msec, and the fall time (from 
white to black) was 5.5 m.sec. The “black” in this evaluation 
means a state at room temperature and at OV, and the “white' 
in this evaluation means a state at room temperature and at 6.5 
V. In characteristics evaluation in LCD panel with the same 
configuration as in the LCD panel of Embodiment 3, prepared 
using conventional LC materials, optical characteristics 
equivalent to those mentioned above could not be achieved. 
0143. The LCD panel of Embodiment 1 is also evaluated 
for characteristics. A comparison between Embodiments 1 
and 3 shows that in the LCD panel of Embodiment 3, the 
steepness of the V-T curve was Smaller, i.e., moderate curve. 
This comparison result indicates that when these LCD panels 
of Embodiments 1 and 3 are in normally black mode, uneven 
display is less likely to occur in the LCD panel of Embodi 
ment 3. Further, in Embodiment 3, the transmittance began to 
increase from a lower Voltage, and therefore the panel could 
be driven even at a lower voltage. 
0144. Further, in Embodiment 1, the LC molecules 
located above and between the electrodes are vertically 
aligned even in the presence of applied Voltage. In contrast, in 
Embodiment 3, the LC molecules located between the elec 
trodes disposed in a comb-like pattern are not vertically 
aligned, and therefore, the number of dark lines, which were 
generated in Embodiment 1, can be decreased, and as a result, 
the transmittance could be improved. 
0145 On the other hand, according to the LCD panel of 
Embodiment 1, the voltage applied to the common electrode 
(flicker elimination) can be easily adjusted, which makes it 
possible to Suppress generation of after-images and image 
sticking compared with Embodiment 3. Further, the LCD 
panel of Embodiment 1 can achieve a large manufacturing 
margin and cost-effective manufacturing. 

1. A liquid crystal display panel, comprising: 
first and second Substrates facing each other; 
a liquid crystal medium with positive dielectric anisotropy, 

held by the first and second substrates therebetween; and 
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comb-like first and second electrodes disposed in parallel 
to each other on the first substrate, 

the liquid crystal medium comprising liquid crystal com 
pounds that align vertically to the first and second Sub 
strate surfaces in the absence of applied Voltage, 

wherein the liquid crystal mediums consists essentially 1, 
in 100% by weight of all the liquid crystal compounds, 

15 to 20% by weight of a compound of formula I, 
22 to 27% by weight of a compound of formula II, 
1 to 5% by weight of a compound of formula III, 
4 to 8% by weight of a compound of formula IV. 
15 to 20% by weight of a compound of formula V. 
5 to 10% by weight of a compound of formula VI, 
7 to 10% by weight of a compound of the formula VII 
1 to 5% by weight of a compound of formula VIII, and 
15 to 20% by weight of a compound of formula IX, 

F 

O 

RI (O) (O) CFO F 
F 

II 

R2-( )-( * \ 
III 

R-(-)-(-)-coo-O-(r)- 
IV 

V 

F 

R5 -(-)-(r)- CFO -O- F 
F 

VI 

F F 

F 
VII 

F F 

R7 (O) (O) (O) CFO F 
F 



US 2012/014 1694 A1 

-continued 
VIII 

F F 

F 
IX 

F F 

R9 (O) (O) CFO F 
F F 

in the formulae, 
R. R. R*, R. R. R. R. and Rindependently denoting 
Cls linear alkyl, 

R denoting Cao linear alkyl, 
R" denoting Cls linear alkyl. 
2. The liquid crystal display panel according to claim 1, 
wherein each of the first and second electrodes has a width 

of 1.0 to 4.0 uM. 
3. The liquid crystal display panel according to claim 1, 
wherein the space between the first and second electrodes 

is 15.0 um or less. 
4. The liquid crystal display panel according to claim 1, 
wherein the product of refractive index anisotropy An and 

dielectric anisotropy A6 of the liquid crystal medium is 
in the range of 1.3 to 3.1. 

5. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal display panel uses Substantially 

only the first and second electrodes as an electrode for 
applying a Voltage to the liquid crystal medium. 

6. The liquid crystal display panel according to claim 1, 
wherein the second substrate includes a third electrode 

covering the entire display region. 
7. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises at least one of 

a compound of the formula Ia and a compound of the 
formula Ib: 

Ia 

F F 

O 

HSC (O) (O) CFO F 
F F 

Ib 

F F 

O 

Hic-( )-(O)-(O)-cro-O-F 
F F 
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8. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises at least one of 

a compound of the formula IIa and a compound of the 
formula IIb: 

9. The liquid crystal display panel according to claim 1, 

IIa 

IIb 

wherein the liquid crystal medium comprises a compound 
of the formula IIIa: 

IIIa 

10. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises a compound 

of the formula IVa: 

11. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises at least one of 

a compound of the formula Va and a compound of the 
formula Vb: 

Wa 

F 

HC -(-)-(r)- CFO -O- F 
F 

Vb 

F 

-O-O-O- 
F 
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12. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises a compound 

of the formula VIa: 

WIa 

F F 

HC (h) (O) (O) (O) OCF. 
F 

13. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises a compound 

of the formula VIIa: 

VIIa 

14. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises a compound 

of the formula VIIIa: 

VIIIa 

-O-O-O-O- 
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15. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises a compound 

of the formula IXa: 

IXa 

F 

HC (O) (O) CFO F. 
F 

16. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises, in 100% by 

weight of all the liquid crystal compounds, 
7 to 10% by weight of a compound of the formula Ia, 8 to 
10% by weight of a compound of the formula Ib, 

17 to 20% by weight of a compound of the formula IIa, 5 to 
7% by weight of a compound of the formula IIb, 

2 to 4% by weight of a compound of the formula IIIa, 
5 to 8% by weight of a compound of the formula IVa, 
7 to 10% by weight of a compound of the formula Va, 
8 to 10% by weight of a compound of the formula Vb, 
7 to 9% by weight of a compound of the formula Via, 
7 to 9% by weight of a compound of the formula VIIa, 
5 to 3.5% by weight of a compound of the formula VIIIa, 

and 

16 to 18% by weight of a compound of the formula IXa. 
17. The liquid crystal display panel according to claim 1, 
wherein the liquid crystal medium comprises one or more 

additives selected from the group consisting of pleoch 
roic dyes, UV stabilizers, and antioxidants. 

18. (canceled) 


