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(57) ABSTRACT

The present invention relates generally to the field of liquid
crystal display devices and more particularly to a liquid crys-
tal display device operating in vertically aligned mode (VA-
mode) in which liquid crystal molecules having a negative
dielectric anisotropy are aligned generally perpendicularly to
a panel surface of the liquid crystal display. A liquid crystal
display according to the invention comprises a liquid crystal
cell (6) of a vertical alignment mode, at least one polarizer (2,
10) arranged on each side of the liquid crystal cell, and at least
one compensating structure (3, 7) disposed between the liquid
crystal cell and at least one of the polarizers. The polarizers
have transmission axes (11, 18) which are perpendicular to
each other.
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LIQUID CRYSTAL DISPLAY OPERATING IN
A VERTICALLY ALIGNED MODE

RELATED APPLICATIONS

[0001] This application is related to UK patent application
n0.0520489.6 filed on Oct. 7, 2005 and UK patent application
no. 0620026.5 filed on Oct. 8, 2006, entitled “Organic Com-
pound, Optical Crystal Film and Method of Production
Thereof”, UK patent application no. 0616359.6 filed on Aug.
16, 2006, entitled “Organic Compound, Optical Film and
Method of Production Thereof™ and the UK patent applica-
tion of the same title filed on 18 May 2007, the entire disclo-
sure of which is incorporated by reference herein.

[0002] The present invention generally relates to a liquid
crystal display and more particularly to a liquid crystal dis-
play operating in a vertically aligned mode (VA-mode) in
which liquid crystal molecules having a negative dielectric
anisotropy are aligned generally perpendicular to a panel
surface of the liquid crystal display.

[0003] Liquid crystal displays are used as displays for vari-
ous information processing apparatuses such as a computer.
Liquid crystal displays, having a compact size and consuming
little electric power, are particularly suitable for applicationin
portable information processing apparatuses. On the other
hand, use of such liquid crystal displays in a fixed-type infor-
mation processing apparatus such as a desktop-type com-
puter, is also being studied. Conventional liquid crystal dis-
plays generally use a twisted nematic mode (TN-mode)
construction in which liquid crystal molecules having a posi-
tive dielectric anisotropy are aligned horizontally between a
pair of mutually opposing panel substrates, wherein the liquid
crystal molecules adjacent one panel substrate and the liquid
crystal molecules adjacent the other panel substrate are
aligned in respective directions crossing with each other per-
pendicularly. In such a TN-mode liquid crystal display, vari-
ous liquid crystals are already developed, and the liquid crys-
tal display can be fabricated by a well-established process
with low cost. On the other hand, a TN-mode liquid crystal
display has a drawback in realizing a high contrast represen-
tation of images. It should be noted that a TN-mode liquid
crystal display provides a black representation by causing the
liquid crystal molecules to align vertically to the surface of
the panel substrate by applying a driving electric field, while
the liquid crystal molecules immediately adjacent the panel
substrate tend to maintain the horizontal alignment even
when the driving electric field is applied. Thereby, the bire-
fringence associated with such horizontal liquid crystal mol-
ecules allows a passage of light even in the activated state in
which the passage of light through the liquid crystal layer
should be interrupted completely. Thus, there occurs a leak-
age of light or coloring of the panel when an attempt is made
in a TN-mode liquid crystal display to display a white image
on a black background (so-called “normally black mode”) as
is commonly adopted in a CRT (cathode-ray tube) display,
and the black state or level becomes worse than that of a
“normally white mode,” in which black images are displayed
on a white background, because of dispersion. This is the
reason why conventional TN-mode liquid crystal display
devices are operated in the normally white mode. A VA-mode
liquid crystal display is a liquid crystal display in which liquid
crystal molecules having a negative dielectric anisotropy are
confined between a pair of panel substrates in a state that the
liquid crystal molecules are aligned in a direction generally
perpendicular to the surface of the panel substrates in the
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non-activated state of the liquid crystal display. Thus, light
passes through a liquid crystal layer in such a liquid crystal
display without changing the polarization plane thereofin the
non-activated state of the liquid crystal cell, and the light is
effectively interrupted by a pair of polarizers disposed at both
sides of the liquid crystal layer in a crossed state. In such a
VA-mode liquid crystal display, therefore, it is possible to
achieve a near-ideal black representation in the non-activated
state of the liquid crystal display. In other words, such a
VA-mode liquid crystal display can easily achieve a very high
contrast representation not possible by a TN-mode liquid
crystal display. In the activated state of a VA-mode liquid
crystal display, it should be noted that the liquid crystal mol-
ecules are aligned generally parallel to the panel substrates
due to the electric field applied to the liquid crystal molecules,
and a rotation is induced in the polarization state of an inci-
dent optical beam. The VA mode itself has been known for a
long time. On the other hand, it has been thought convention-
ally that a VA-mode liquid crystal display cannot provide the
quality of representation compared to that of a TN-mode
liquid crystal display, in terms of viewing angle characteris-
tics, voltage retention (or voltage holding ratio), and the like.
Thus, little effort has been made so far for realizing a practical
liquid crystal display device using a VA-mode liquid crystal.
Particularly, it has been believed that construction of an
active-matrix liquid crystal display device that uses thin-film
transistors (TFT) is very difficult. As a VA-mode liquid crys-
tal can provide a contrast ratio superior to that of a conven-
tional CRT display, it is predicted that the major target of such
a VA-mode liquid crystal display device would be to replace
conventional CRT display devices. In order to achieve this
target, however, it is particularly necessary to improve the
viewing angle characteristics of the display device, in addi-
tion to usual requirements of increasing the display area and
improving the response.

[0004] In connection with polarization, compensation lay-
ers, retardation layers, films and plates described in the
present application, the following definitions of terms are
used throughout the text.

[0005] The term optical axis refers to a direction in which
propagating light does not exhibit birefringence.

[0006] Any optically anisotropic medium is characterized
by its second-rank dielectric permittivity tensor. A dielectric
permittivity of any medium is determined by polarizability of
particles forming this medium. If the medium comprises
supramolecules then the dielectric permittivity of the medium
is determined by orientation and polarizability of these
supramolecules.

[0007] The classification of compensator plates is tightly
connected to orientations of the principal axes of a particular
permittivity tensor with respect to the natural coordinate
frame of the plate. The natural xyz coordinate frame of the
plate is chosen so that the z-axis is parallel to the normal
direction and the Xy plane coincides with the plate surface.
FIG. 1 demonstrates a general case when the principal axes
(A, B, C) of the permittivity tensor are arbitrarily oriented
relative to the xyz frame.

[0008] Orientations of the principal axes can be character-
ized using three Euler’s angles (0, ¢, 1) which, together with
the principal permittivity tensor components (e, €z, €.),
uniquely define different types of optical compensators (FIG.
1). The case when all the principal components of the permit-
tivity tensor have different values corresponds to a biaxial
compensator, whereby the plate has two optical axes. For
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instance, in the case of € ;,<ez<e ., these optical axes are in the
plane of C and A axes on both sides from the C axis. In the
uniaxial limit, when € ;~¢, we have a degenerate case when
the two axes coincide and the C axis is a single optical axis.
[0009] In the important particular case the two principal
axes A and B of the dielectric tensor lie in the layer plane,
while the axis C is normal to it. The x, y and z-axes of the
laboratory frame can be chosen coinciding with A, B and C
axes respectively. If, for instance, the lowest and highest
magnitudes of the three principal values €, €5, and €. of the
dielectric permittivity tensor correspond to the A and B axes
respectively then e ;<e <€z, and the two optical axes belong
to the AB plane. For this reason such retardation layer is
named as “A;” or “B” type plate (FIG. 2). The negative A,
plate, when € ,—€;<0, is equivalent to positive B plate (re-
placing the order of the naming letters changes the sign of the
dielectric permittivity difference: €z—€,>0). Another funda-
mentally different case is when the two optical axes belong to
the plane orthogonal to the plate surface. This case takes place
if the lowest or highest magnitude of one of the principal
permittivity corresponds to the C-axis. For instance, in case of
€ <ez<e, thisretardation layer is named as the negative C , or
positive A . plate.

[0010] The zenith angle 6 between the C axis and the z axis
is most important in the definitions of various compensator
types. There are several important types of uniaxial retarda-
tion layers, which are most frequently used in practice for
compensation of LCD.

[0011] A C-plate is defined by the Euler angle 6=0 and
€ ~€z=€.. In this case, the principal C axis (extraordinary
axis) is normal to the plate surface (xy plane). In cases of
€ ~€;<€, the plate is called “positive C-plate”. On the con-
trary, if € /~e;>e_, the plate is referred to as the “negative
C-plate”. FIG. 3 shows the orientation of the principal axes of
a particular permittivity tensor with respect to the natural
coordinate frame of the positive (a) and negative (b) C-plate.
The axes OA and OB located in a xy plane are equivalent.
[0012] If a plate is defined by Euler angle 8=w/2 and
€ ~€z=€ then it is called an “A-plate”. In this case the prin-
cipal C-axis lies in the plane of the plate (xy-plane), while the
A-axis is normal to the plane surface (due to the uniaxial
degeneration the orthogonal orientations of A and B-axes can
be chosen arbitrary in the plane that is normal to the xy-
surface). In a case of € ;~ez<e the plate is called “positive
A-plate”. Contrary, if € /~ez>€. the plate is defined as the
“negative A-plate” (FIG. 4).

[0013] Generally when the permittivity tensor components
(e, €5, and € ) are complex values, the principal permittivity
tensor components (€ 4, €z, and €.), the refraction indices (na,
nb, and nc), and the absorption coefficients (ka, kb, and kc)
meet the following conditions: na=Re[(e,)"?], nb=Re[(e,)"
2], nc=Re[(e)""?], ka=lm[(e,)"?], kb=Im[(ez)""?], ke=Im
[(e.)"?]. The smaller a refraction index of an environment,
the greater the speed of an electromagnetic wave in this envi-
ronment. Therefore speed of an electromagnetic wave is an
anisotropic value in the anisotropic environment. In plane of
the layer there is a fast principal axis directed along the
greatest speed of an electromagnetic wave, and there is a slow
principal axis directed along the lowest speed of an electro-
magnetic wave. Thus the retardation layer may be character-
ized by two in-plane refractive indices corresponding to a fast
principal axis and a slow principal axis (nfand ns), and by one
refractive index (nn) in the normal direction. In case of a
biaxial plate all refractive indices nf, ns and nn have different
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values. As it has been marked above, the A- and C-plates are
assigned to uniaxial plates. In a negative A-plate the refractive
indices obey the following condition: nn=ns>nf. The A-plate
may be characterized by the retardation parameter R ,=d-(ns—
nf), where d is a thickness of this plate. In a negative C-plate
the refractive indices obey the following condition:
nf=ns>nn. The C-plate may be characterized by the retarda-
tion parameter R ~d-Ins-nnl=d-Inf-nnl, where d is a thick-
ness of this plate.

[0014] It should be noted that there are quasi A- and quasi
C-plates. The negative quasi A-plate is a slightly biaxial plate
which is characterized by two in-plane refractive indices (nf
and ns) corresponding to a fast principal axis and a slow
principal axis respectively, and one refractive index (nn) in
the normal direction which obey the following conditions for
electromagnetic radiation in the visible spectral range: ns>nf,
nn>nf, and Inn-nsl/(nan+ns)<0.1. The negative quasi C-plate
is slightly biaxial plate which is characterized by two in-plane
refractive indices (nf and ns) corresponding to a fast principal
axis and a slow principal axis respectively, and one refractive
index (nn) in the normal direction which obey the following
conditions for electromagnetic radiation in the visible spec-
tral range: ns>nf>nn, and (ns—-nf)/(ns+nf)<0.1.

[0015] In a first aspect, the present invention provides a
liquid crystal display comprising a vertical alignment mode
liquid crystal cell, two polarizers arranged on each side of the
liquid crystal cell, and at least one compensating structure
located between the liquid crystal cell and one of said polar-
izers. The polarizers have transmission axes which are per-
pendicular to each other. Said compensating structure com-
prises at least one retardation layer comprising
supramolecules comprising at least one polycyclic organic
compound with a conjugated w-system and functional groups
which are capable of forming non-covalent bonds between
said supramolecules.

[0016] The general description of the present invention
having been made, a further understanding can be obtained by
reference to the specific preferred embodiments, which are
given herein only for the purpose of illustration and are not
intended to limit the scope of the appended claims.

[0017] Inoneembodiment of the liquid crystal display, the
organic compound has the general structural formula I

O

4

Sys

N

where Sys is an at least partially conjugated substantially
planar polycyclic molecular system; X is a carboxylic group
—COOH; mis 0,1, 2,3 or4,Y is a sulfonic group —SO,H;
nis0, 1, 2,3 or4; Z is a carboxamide group; pis 0, 1, 2,3 or
4; Q is a sulfonamide group; vis 0,1, 2,3 or 4; D is a
counterion; s is the number of counterions providing the
neutral state of the molecule; R is a substituent selected from
the list comprising CH,, C,Hj, Cl, Br, NO,, F, CF;, CN, OH,
OCH;, OC,Hs;, OCOCH; OCN, SCN, NH,, and
NHCOCH;; wis 0, 1, 2, 3 or 4. Preferably, D is selected from
the list comprising the following ions: H*, NH,*, Na*, K*,
Li*, Ba*™*, Ca*™, Mg, Sr**, Cs*, Pb**, and Zn™*. The poly-
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valent counterions (cations) may be used for stabilization of lower boundary that is approximately equal to 400 nm, and an

the organic compounds and provide their insolubility. upper boundary that is approximately equal to 700 nm. In
[0018] Inoneembodiment of the liquid crystal display, Sys another embodiment of the liquid crystal display, Sys has the
is substantially transparent in the visible spectral range. In the general structural formulas corresponding to structures II-
present invention it is supposed that the visible range has a XLIX given in Table 1:

TABLE 1

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)

which are substantially transparent in the visible spectral range

n

an

where n is the number in the range
from [ to 8

i

aw)

W)

Z.
Z

4
™

VD

AN
Va
Z

Z.
Z

4
™

¢
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)

which are substantially transparent in the visible spectral range

VI

(VIID)

Ix)

X)

May 13, 2010



US 2010/0118241 Al

TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)
which are substantially transparent in the visible spectral range

HN N
/N
(LI
NN
O
HN NH
o 0

XD

(XII)

(X1II)

X1v)

xv)

XVvD
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)

which are substantially transparent in the visible spectral range

0 (XVII)

SO

o (XVIID)
N
A
N N @]
H
XIX)
XX)
(XXD)
N
T
N
[6]
(o]

K\ (XXII)
N N
O \
N
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)
which are substantially transparent in the visible spectral range

N (XXIII)
10
\
N
0

(XXIV)
NN
J\
5 N 0
(XXV)
N
OJ\N 0
0 (XXVI)
N
N
<_/N
H (XXVII)

(XXVIII)
Q O
N
A
N

N
(XXIX)
N
ﬂ/KN
(XXX)
N

Tz,
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)

which are substantially transparent in the visible spectral range

0O, NH : : NH O (XXXT)
O

(XXXII)
N
Q/ |
™

(XXXIIT)
Q o]
?—NH NH

0 (XXXIV)
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)
which are substantially transparent in the visible spectral range

: (XXXV)
N
Va \(@

NH 0 XXXVI)
0 [ ]/
NH

]

(XXXVII)

/—\ (XXXVIIT)

/—"‘\ (XXXIX)
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)

which are substantially transparent in the visible spectral range

(XL)
O Y
‘ N N, N ‘
\(\r
O N\(N O

O, N (0]

N (XLI)
g8
N
=
O
N
pa
/ N
N
(XLID

CE;Q
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TABLE 1-continued

Examples of at least partially conjugated substantially planar polycyclic molecular systems (Sys)
which are substantially transparent in the visible spectral range

N (XLII)
N
N

0 (XLIV)

(XLV)

O (XLVI)
6 O o

PN (XLVIII)

VA (XLIX)
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[0019] Inonepreferred embodiment of the disclosed liquid
crystal display, the organic compound is an oligophenyl
derivative. Examples of the oligophenyl derivative having
general structural formulas corresponding to structures 1-7
are given in Table 2.

TABLE 2

Examples of the oligopheny! derivatives

o\\ //o

HO:S O S O SO.H

HO 0 N OH ()
OO~ T 0O~
O N 0O 0

O

o N N Q @
noad aats
HO—S \ S—OH
I . Ny I
o} N 0
0 N 0 “)
I — I
@] (6]
0 N o )
I ll
HO—ﬁ / \ ﬁ—OH
o} N== 0
HO N OH (6)
(OA-LOLA A
) —N 6]
(M
HO~ 1 \ _—~OH
(6] (@]
0.
N—N
[0020] In another preferred embodiment of the disclosed
liquid crystal display, the organic compound is a bibenzimi- TABLE 3-continued
dazole derivative. Examples of the bibenzimidazole deriva-
tive having general structural formulas corresponding to Examples of the bibenzimidazole derivatives
structures 8-9 are given in Table 3.
TABLE 3 H ©)
0 0
” =z N N AN ”
Examples of the bibenzimidazole derivatives HO—S—— | /> _</ | ——S—o0H
BN N N F (ll
H

o A N N S Y © 0
Pl
. N/ N F
HO o OH [0021] In still another preferred embodiment of the dis-

closed liquid crystal display, the organic compound is a “tri-
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azine” derivative. Examples of the “triazine” derivatives hav-
ing general structural formulas corresponding to structures TABLE 5
10-12 are given in Table 4.

Examples of acenaphthoquinoxaline sulfonamide derivatives containing

TABLE 4 carboxylic groups

Examples of the “triazine” derivatives [ mooc ] 13)

(10)

O%\\/ N/AN \ / \

N N\N

)94

—Rw

Z
Z
|

j
4

SO,NH,

/K B HOOC, ] a4
HO o)
0 a1
OH R — )k
N OH
o;\\ /& \ Vi N\
) 8!
+J\ *
/N N \N*’R
24
| HNO:S SONHy _ |
\/k/ HOOC ] 15)
HO o)
R = CHj, CoHs, C3H, C4Hy
(12)

\\ O —Rw

HO\ //O / \\ \ /
EVSed
/k * HO3S O SOZNHZ ]

— — ] (16)

\|/ 22\\

HO

A
Z

X

Z,
Z,
]
U
&

[0022] Inonepreferred embodiment of the disclosed liquid

crystal display, the organic compound is an acenaphthoqui- x
noxaline derivative. Examples of acenaphthoquinoxaline sul-
fonamide derivatives containing at least one carboxylic group /\<

(wherein m is equal to 1, 2, 3 or 4) and having general L
structural formulas corresponding to structures 13-19 which
are given in Table 5.
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TABLE 5-continued

14

Examples of acenaphthoquinoxaline sulfonamide derivatives containing
carboxylic groups

H>NO,S

HOsS

\

H>NO,S

B HZNOZ

HO;S

\

/

\

COOH

COOH

COOH

—T—Rw

—Rw

a7

18)

19

[0023]

In another embodiment of the disclosed liquid crys-

tal display the organic compound comprises at least one sul-
fonic group, whereinnis equal to 1, 2, 3 or 4. Examples of the
acenaphthoquinoxaline sulfonamide derivative containing at
least one sulfonic group and having general structural formu-
las corresponding to structures 20-31 are given in Table 6.

May 13, 2010

TABLE 6

Examples of acenaphthoquinoxaline

sulfonic

sulfonamide derivatives containing

groups
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TABLE 6-continued TABLE 6-continued
Examples of acenaphthoquinoxaline sulfonamide derivatives containing
Examples of acenaphthoquinoxaline sulfonamide derivatives containing sulfonic groups
sulfonic groups
™ HO;S ] (28)
B H>NO,S ] (€25} Q
Q N N T Rw
) ! 1 . /C
o
HO3S SOzH _ _
s _— HOsS 29)
— os 4 @ Q
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HO5S CONH,
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Q N N T Rw
. . L i\ /i
‘\ H>NOC l SO;H
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[0024]

In another preferred embodiment of the liquid crys-

tal display, the organic compound is a 6,7-dihydrobenzimi-
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dazo[1,2-c]quinazolin-6-one derivative having at least one

carboxylic group or at least one acid amide group as the TABLE 7-continued
functional group.
[0025] In one preferred embodiment of the liquid crystal Examples of 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one derivatives
display, the 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one containing carboxylic groups
derivative has at least one carboxyamide group (CONH,) as — _
the acid amide group. In another preferred embodiment of the “/COOH (36)
disclosed liquid crystal display, the 6,7-dihydrobenzimidazo N \ />
[1,2-c]quinazolin-6-one derivative has at least one sulfona- / 7>S05H
mide group (SO,NH,) as the acid amide group. Examples of = N T Rw
6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one derivatives | /g
comprising at least one carboxylic group —COOH, wherein \/\ N o
mis 1, 2 or 3 and said derivative has general structural for- H,NOC |
mula from the group comprising structures 32 to 44, are given L H _
in Table 7.
B ~—\_COOH N S
TABLE 7 N />
/ \ /\/SO NH.
Examples of 6,7-dihydrobenzimidazo[1,2-¢c]quinazolin-6-one derivatives 22
containing carboxylic groups |
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Examples of 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one derivatives

containing carboxylic groups

SO,NH,

A (
I\ /
= | N
HOOC/\ Ir/&o
L H
B ==\ CONH, ]
I\ _/
1ood T ©

HOOC/\ T ©
- H p—
B ==\ _COOH |
1\ _/
N
P
N o)
i } |

41
—T—Rw
42)
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—Rw
@4
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[0026]

In another preferred embodiment of the liquid crys-

tal display, the 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-
one derivative comprises at least one sulfonic group —SO,H.
Examples of the 6,7-dihydrobenzimidazo[1,2-c]quinazolin-

6-one derivatives comprising sulfonic

groups —SO;H,

wherein n is 1, 2 or 3 and said derivative has the general
structural formula from the list comprising structures 45 to

53, are given in Table 8.
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TABLE 8

Example of 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one derivatives

containing sulfonic groups
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TABLE 8-continued

Example of 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one derivatives
containing sulfonic groups

SO,NH, G

=/= |
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[0027] The supramolecule is an association of at least par-

tially planar, more preferably substantially planar, rt-conju-
gated molecules in a stack. The number of molecules in
association is preferably defined by conditions of formation
such as temperature, pressure, additives and so forth, and not
precisely and definitively by the molecules’ structure or the
composition of functional groups.

[0028] Ina preferred embodiment of the present invention,
the supramolecules comprise at least one polycyclic organic
compound with a conjugated m-system and functional groups
which are capable of forming non-covalent bonds between
said supramolecules. Functional groups of one molecule are
preferably designed in such a way that they may interact with
each other with formation of inter-stack non-covalent bond-
ing, forming a fully saturated three dimensional network of
non-covalent bonds. The retardation layers can be transparent
for electromagnetic radiation only in a part of the visible
wavelength range, rather than in the entire range, and this part
of said wavelength band will be called a subrange. This sub-
range can be determined experimentally for each polycyclic
organic compound with a conjugated m-system and func-
tional groups.

[0029] Instill another preferred embodiment of the present
invention, the molecules of at least one organic compound
comprise heterocycles. In yet another preferred embodiment
ofthe present invention, at least one of said retardation layers
is water non-soluble.

18
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[0030] In another preferred embodiment of the present
invention, at least one of said retardation layers is optically
biaxial. In another preferred embodiment of the present
invention, the supramolecules are oriented substantially par-
allel or perpendicular to the surface of the retardation layer. In
still another preferred embodiment of the present invention, at
least one of the non-covalent bonds is an H-bond. In yet
another preferred embodiment of the present invention, at
least one of the non-covalent bonds is a coordination bond.

[0031] Inone embodiment of the liquid crystal display the
organic compound has the general structural formula I,
wherein if m is equal to 0, then both n and p are not equal to
0. In other words in absence of the carboxylic group the
organic compound comprises at least one sulfonic group and
at least one amide of a carboxylic acid group.

[0032] In another embodiment of the liquid crystal display
the organic compound has the general structural formula I,
wherein if m is equal to 0, then both n and v are not equal to
0. In other words in absence of the carboxylic group the
organic compound comprises at least one sulfonic group and
at least one amide of a sulfonic acid group.

[0033] In still another embodiment of the liquid crystal
display the organic compound has the general structural for-
mula I, wherein if n is equal to 0, then m is not equal to 0. In
other words in absence of the sulfonic group the organic
compound comprises at least one carboxylic group.

[0034] Inoneembodiment of the liquid crystal display, the
liquid crystal cell comprises (i) first and second substrates
opposing each other and being substantially parallel to each
other; (ii) a first electrode provided on a first surface of said
first substrate, said first surface facing said second substrate;
(iii) a second electrode provided on a second surface of said
second substrate, said second surface facing said first sub-
strate; (iv) a first molecular alignment film provided on said
first surface of said first substrate so as to cover said first
electrode; (v) a second molecular alignment film provided on
said second surface of said second substrate so as to cover said
second electrode; and (vi) a liquid crystal layer confined
between said first and second substrates, said liquid crystal
layer containing liquid crystal molecules of a negative dielec-
tric anisotropy.

[0035] Inoneembodiment of the liquid crystal display, the
compensating structure comprises at least one retardation
layer of a first type having slow and fast principal axes lying
substantially in the plane of the first type retardation layer,
and at least one retardation layer of a second type having an
optical axis directed substantially perpendicular to the plane
of the second type retardation layer.

[0036] Inanother embodiment of the liquid crystal display,
the retardation layer of the first type is a uniaxial retardation
layer characterized by two in-plane refractive indices (nfand
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following condition for electromag-
netic radiation in the visible spectral range: nn=ns>nf. In yet
another embodiment of the liquid crystal display, the retarda-
tion layer of the first type is a slightly biaxial retardation layer
characterized by two in-plane refractive indices (nf and ns)
corresponding to a fast principal axis and a slow principal axis
respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf, nn>nf;,
and Inn-nsl/(nn+ns)<0.1.
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[0037] In still another embodiment of the liquid crystal
display, the retardation layer of the first type comprises rod-
like supramolecules which are oriented with their longitudi-
nal axes substantially parallel to the fast principal axis. In yet
another embodiment of the liquid crystal display, said rod-
like supramolecules have approximately isotropic polariz-
ability in planes which are perpendicular to their longitudinal
axes.

[0038] In yet another embodiment of the liquid crystal dis-
play, the retardation layer of the first type is a biaxial retarda-
tion layer characterized by two in-plane refractive indices (nf
and ns) corresponding to a fast principal axis and a slow
principal axis respectively, and one refractive index (nn) in
the normal direction which obey the following condition for
electromagnetic radiation in the visible spectral range:
ns>nn>nf. In still another embodiment of the liquid crystal
display, the retardation layer of the first type comprises rod-
like supramolecules which are oriented with their longitudi-
nal axes substantially parallel to the fast principal axis,
wherein said rod-like supramolecules have anisotropic polar-
izability in planes which are perpendicular to their longitudi-
nal axes. In yet another embodiment of the liquid crystal
display, the retardation layer of the first type is arranged such
that the fast axis of said retardation layer is substantially
perpendicular to the transmission axis of the adjacent polar-
izer. In one embodiment of the liquid crystal display, the
retardation layer of the first type is arranged such that the fast
axis of said retardation layer is substantially parallel to the
transmission axis of the adjacent polarizer.

[0039] Inoneembodiment of the liquid crystal display, the
retardation layer of the second type is a uniaxial retardation
layer characterized by two in-plane refractive indices (nf'and
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following condition for electromag-
netic radiation in the visible spectral range: nf=ns>nn. In
another embodiment of the liquid crystal display, the retarda-
tion layer of the second type is a slightly biaxial retardation
layer characterized by two in-plane refractive indices (nf and
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf>nn,
and (ns—nf)/(ns+nf)<0.1.

[0040] Inoneembodiment of the liquid crystal display, the
retardation layer of the second type comprises sheet-like
supramolecules which are oriented with their plane substan-
tially parallel to the surface of said retardation layer. In
another embodiment of the liquid crystal display, the retarda-
tion layer of the second type comprises rod-like supramol-
ecules which are oriented with their longitudinal axes sub-
stantially perpendicular to the surface of said retardation
layer. In still another embodiment of the liquid crystal display,
the retardation layer of the second type comprises flat poly-
cyclic organic compounds, which are oriented with their
plane substantially parallel to the surface of said retardation
layer. In yet another embodiment of the liquid crystal display,
the retardation layer of the second type comprises triacetyl
cellulose (TAC).

[0041] Inoneembodiment of the liquid crystal display, the
compensating structure comprises the retardation layer of the
second type located closer to the liquid crystal cell as com-
pared to the retardation layer of the first type. In another
embodiment of the liquid crystal display, the compensating
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structure comprises the retardation layer of the first type
located closer to the liquid crystal cell as compared to the
retardation layer of the second type. In still another embodi-
ment ofthe liquid crystal display, said compensating structure
comprises first and second retardation layers of second type
arranged on each side of one retardation layer of a first type.
In another embodiment of the present invention, the liquid
crystal display comprises at least two compensating struc-
tures each located between the liquid crystal cell and one of
said polarizers.

[0042] A more complete assessment of the present inven-
tion and its advantages will be readily achieved as the same
becomes better understood by reference to the following
detailed description, considered in connection with the
accompanying drawings and detailed specification, all of
which forms a part of the disclosure. The subject of the
invention is illustrated by the following Figures, of which:
[0043] FIGS. 1 to 4 are described hereinabove as illustra-
tions to prior art.

[0044] FIG. 5 is a diagram showing a construction of a
liquid crystal display according to a first embodiment of the
present invention.

[0045] FIG. 6 is a diagram showing a construction of a
liquid crystal display according to a second embodiment of
the present invention.

[0046] FIG. 7 is a diagram showing a construction of a
liquid crystal display according to a third embodiment of the
present invention.

[0047] FIG. 8 is a diagram showing a construction of a
liquid crystal display according to a fourth embodiment of the
present invention.

[0048] FIG. 9 shows the structure of compensating struc-
tures comprising retardation layers of first and second types.
[0049] FIG. 10a shows the contrast ratio of a non-compen-
sated liquid crystal display, calculated at a wavelength of
incident light equal to 450 nm.

[0050] FIG. 105 shows the contrast ratio of the liquid crys-
tal display according to the embodiment of the present inven-
tion shown in FIG. 5, calculated at a wavelength of incident
light equal to 450 nm.

[0051] FIG. 11a shows the contrast ratio of a non-compen-
sated liquid crystal display, calculated at a wavelength of
incident light equal to 550 nm.

[0052] FIG. 115 shows the contrast ratio of the liquid crys-
tal display according to the embodiment of the present inven-
tion shown in FIG. 5, calculated at a wavelength of incident
light equal to 550 nm.

[0053] FIG. 12a shows the contrast ratio of a non-compen-
sated liquid crystal display, calculated at a wavelength of
incident light equal to 650 nm.

[0054] FIG. 125 shows the contrast ratio of the liquid crys-
tal display according to the embodiment of the present inven-
tion shown in FIG. 5, calculated at a wavelength of incident
light equal to 650 nm.

[0055] FIG. 13 shows the contrast ratio of the liquid crystal
display according to the embodiment of the present invention
shown in FIG. 6, calculated at a wavelength of incident light
equal to 550 nm (the retardation layers of the second type
have the retardation parameter R ;, ~~180 nm and retardation
layers of the first type have the retardation parameter R ,=98
nm).

[0056] FIG. 14 shows the contrast ratio of the liquid crystal
display according to the second embodiment of the present
invention shown in FIG. 6, calculated at a wavelength of
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incident light equal to 550 nm (the retardation layers of the
second type have the retardation parameter R ,-,~60 nm and
the retardation layers of the first type have the retardation
parameter R ;=424 nm).

[0057] FIGS. 15-18 show a formation of biaxial retarder
layer and wavelength dependence of refractive indices for
thin birefringent plate according to the present invention.
[0058] FIG. 19 is a diagram showing a construction of a
liquid crystal display according to one embodiment of the
present invention.

[0059] FIG. 20 shows spectral dependencies of the refrac-
tive indices of the retardation layer of the second type accord-
ing to the present invention.

[0060] FIG. 21 shows a calculated viewing angle perfor-
mance of a fifth embodiment of the present invention as
shown in FIG. 19.

[0061] FIG. 22 is a diagram showing a construction of a
liquid crystal display according to one embodiment of the
present invention.

[0062] FIG. 23 shows results of numerical optimization of
a liquid crystal display as shown in FIG. 22.

[0063] FIG. 24 is a diagram showing a construction of a
liquid crystal display according to one embodiment of the
present invention.

[0064] FIG. 25 shows results of numerical optimization of
a liquid crystal display as shown in FIG. 24.

[0065] FIG. 26 is a diagram showing a construction of a
liquid crystal display according to one embodiment of the
present invention.

[0066] FIG. 27 shows results of numerical optimization of
a liquid crystal display as shown in FIG. 26.

[0067] FIG. 28 schematically shows a flat molecule of
polycyclic organic compound.

[0068] FIG. 29 schematically shows a solution of flat mol-
ecules.

[0069] FIG. 30 schematically shows a molecular packing
which cause negative C-plate formation.

[0070] FIG. 31 is a diagram showing a construction of a
liquid crystal display according to one embodiment of the
present invention.

[0071] FIG. 32 schematically shows a rod-like supramol-
ecule which solution forms negative A-plate.

[0072] FIG. 33 schematically shows a molecular packing
which cause negative A-plate formation.

[0073] FIG. 34 shows spectral dependencies of the refrac-
tive indices of negative A-type retardation layer according to
the present invention.

[0074] FIG. 5 schematically shows a light beam (1) and a
liquid crystal display which comprises a liquid crystal cell (6)
in a vertical alignment mode, a pair of polarizers (2 and 10)
arranged on each side of the liquid crystal cell, and two
compensating structures (3 and 7) disposed between the liq-
uid crystal cell and the first polarizer (2), and the liquid crystal
cell and the second polarizer (10), respectively. The transmis-
sion axis (11) of the first polarizer is perpendicular to the
transmission axis (18) of the second polarizer. The first com-
pensating structures (3) comprises a retardation layer of the
first type (4) having slow (12) and fast (13) principal axes (the
principal axes correspond to the principal axes of the dielec-
tric tensor) lying substantially in the plane of said retardation
layer (4), and a retardation layer of the second type (5) as a
negative C-plate with the optical axis (14) directed substan-
tially perpendicularly to the plane of said retardation layer
(5). The retardation layer (4) is arranged such that the fast
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principal axis (13), corresponding to lowest dielectric permit-
tivity, of said retardation layer is perpendicular to the trans-
mission axis (11) of the polarizer (2). The retardation layer (4)
is a uniaxial retardation layer characterized by layer thickness
d, two in-plane principal refractive indices corresponding to a
fast principal axis and a slow principal axis (nf and ns) and
one refractive index (nn) for the normal direction which obey
the following condition for electromagnetic radiation in the
visible spectral range: nn=ns>nf.

[0075] Inanother embodiment the retardation layer (4) is a
slightly biaxial retardation layer characterized by two in-
plane refractive indices (nf and ns) corresponding to a fast
principal axis and a slow principal axis respectively, and one
refractive index (nn) in the normal direction which obey the
following conditions for electromagnetic radiation in the vis-
ible spectral range: ns>nf, nn>nf, and Inn-nsl/(nn+ns)<0.1.
[0076] In still another embodiment the retardation layer of
a second type (5) is a slightly biaxial retardation layer and it
is characterized by two in-plane refractive indices (nf and ns)
corresponding to a fast principal axis and a slow principal axis
respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf>nn,
and (ns—nf)/(ns+nf)<0.1. The second compensating structure
(7) comprises a retardation layer of the first type (9) having
slow (17) and fast (16) principal axes lying substantially in the
plane of said retardation layer (9), and a retardation layer of
the second type (8) as a negative C-plate with the optical axis
(15) directed substantially perpendicularly to the plane of
said retardation layer (8). The retardation layer of the first
type (9) is arranged such that the fast principal axis (16) of
said retardation layer is perpendicular to the transmission axis
(18) of the polarizer (10). The retardation layer of the first
type (9) is an uniaxial retardation layer characterized by layer
thickness d, two in-plane refractive indices corresponding to
afastand a slow principal axes (nf and ns) and one refractive
index (nn) in the normal direction which obey the following
condition for electromagnetic radiation in the visible spectral
range: nn=ns>nf.

[0077] Inanother embodiment the retardation layer (9) is a
slightly biaxial retardation layer and it is characterized by two
in-plane refractive indices (nf and ns) corresponding to a fast
principal axis and a slow principal axis respectively, and one
refractive index (nn) in the normal direction which obey the
following conditions for electromagnetic radiation in the vis-
ible spectral range: ns>nf, nn>nf, and Inn-nsl/(nn+ns)<0.1.
[0078] In still another embodiment the retardation layer of
the second type (8) is a slightly biaxial retardation layer and it
is characterized by two in-plane refractive indices (nf and ns)
corresponding to a fast principal axis and a slow principal axis
respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf>nn,
and (ns—nf)/(ns+nf)<0.1.

[0079] FIG. 6 schematically shows a liquid crystal display
similar to the display shown in FIG. 5. The difference is in an
orientation of principal axes (slow and fast) of the retardation
layers of the first type (4 and 9). The retardation layer (4) is
arranged such that the slow principal axis (12) of said retar-
dation layer is perpendicular to the transmission axis (11) of
the polarizer (2) and the retardation layer of the first type (9)
is arranged such that the slow principal axis (17) of said
retardation layer is perpendicular to the transmission axis
(18) of the polarizer (10). In another embodiment the retar-
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dation layers (4 and 9) are slightly biaxial retardation layers
being characterized by two in-plane refractive indices (nf and
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf, nn>nf,
and Inn-nsl/(nn+ns)<0.1.

[0080] FIG. 7 schematically shows a light beam (1) and a
liquid crystal display which comprises a liquid crystal cell (6)
in a vertical alignment mode, a pair of polarizers (2 and 10)
arranged on each side of the liquid crystal cell, and one
compensating structure (7) disposed between the liquid crys-
tal cell and the second polarizer (10). The compensating
structure (7) comprises a retardation layer of the first type (9)
having slow (17) and fast (16) axes lying substantially in the
layer plane, and a retardation layer of the second type (8) as a
negative C-plate with the optical axis (15) directed substan-
tially perpendicular to the layer plane. The retardation layer
(9) is arranged such that the fast principal axis (16) of said
retardation layer is perpendicular to the transmission axis
(18) of the polarizer (10). The retardation layer (9) is a
uniaxial retardation layer characterized by layer thickness d,
two in-plane refractive indices corresponding to a fast prin-
cipal axis and a slow principal axis (nf and ns) and one
refractive index (nn) in the normal direction which obey the
following condition for electromagnetic radiation in the vis-
ible spectral range: nn=ns>nf. In another embodiment the
retardation layer (9) is a slightly biaxial retardation layer
being characterized by two in-plane refractive indices (nf and
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf, nn>nf,
and Inn-nsl/(hn+ns)<0.1. In still another embodiment the
retardation layer of a second type (8) is a slightly biaxial
retardation layer characterized by two in-plane refractive
indices (nf and ns) corresponding to a fast principal axis and
a slow principal axis respectively, and one refractive index
(nn) in the normal direction which obey the following condi-
tions for electromagnetic radiation in the visible spectral
range: ns>nf>nn, and (ns-nf)/(ns+nf)<0.1.

[0081] FIG. 8 schematically shows a light beam (1) and a
liquid crystal display which comprises a liquid crystal cell (6)
in a vertical alignment mode, a pair of polarizers (2 and 10)
arranged on each side of the liquid crystal cell, and one
compensating structure (3) disposed between the liquid crys-
tal cell and the first polarizer (2). The transmission axis (11) of
the first polarizer is perpendicular to the transmission axis
(18) of the second polarizer. The first compensating structure
(3) comprises a retardation layer of the first type (4) having
slow (12) and fast (13) axes lying substantially in the layer
plane, and a retardation layer of the second type (5) as a
negative C-plate with the optical axis (14) directed substan-
tially perpendicular to the retardation layer plane. The retar-
dation layer (4) is arranged such that the fast principal axis
(13) of said retardation layer is perpendicular to the transmis-
sion axis (11) of the polarizer (2). The retardation layer (4) is
auniaxial retardation layer characterized by layer thickness d,
two in-plane refractive indices corresponding to a fast prin-
cipal axis and a slow principal axis (nf and ns) and one
refractive index (nn) in the normal direction which obey the
following condition for electromagnetic radiation in the vis-
ible spectral range: nn=ns>nf. In another embodiment the
retardation layer (4) is a slightly biaxial retardation layer
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characterized by two in-plane refractive indices (nf and ns)
corresponding to a fast principal axis and a slow principal axis
respectively, and one refractive index (nn) in the normal
direction which obey the following conditions for electro-
magnetic radiation in the visible spectral range: ns>nf, nn>nf;,
and Inn-nsl/(nn+ns)<0.1. In still another embodiment the
retardation layer of a second type (5) is a slightly biaxial
retardation layer characterized by two in-plane refractive
indices (nf and ns) corresponding to a fast principal axis and
a slow principal axis respectively, and one refractive index
(nn) in the normal direction which obey the following condi-
tions for electromagnetic radiation in the visible spectral
range: ns>nf>nn, and (ns-nf)/(ns+nf)<0.1.

[0082] In order that the invention may be more readily
understood, reference is made to the following examples,
which are intended to be illustrative of the invention, but are
not intended to be limiting in scope.

EXAMPLE 1

[0083] This example describes the preparation of an
organic retardation layer (27) as shown in FIG. 9. A mixture
of  6-0x0-3-sulfo-5,6-dihydrobenzimidazo[1,2-c]quinazo-
line-10-carboxylic acid and 6-oxo-3-sulfo-5,6-dihydrobenz-
imidazo[1,2-c]quinazoline-9-carboxylic acid (1 g) was
stirred for 1 h at a temperature of 20° C. in a mixture of 15.0
ml of deionized water with 0.6 ml ofa 10% aqueous ammonia
solution until a lyotropic liquid crystal solution was formed.
The obtained solution was applied at a temperature of 20° C.
and a relative humidity of 65% onto the substrate surface with
a Mayer rod #2.5 moved at a linear velocity of 15 mm/s along
the direction designated as ab in FIG. 9. The substrate (28)
was made of triacetyl cellulose (TAC). Then, the organic
retardation layer was dried at the same humidity and tempera-
ture. In order to determine the optical characteristics of the
organic retardation layer, thickness, optical retardation and
transmission spectra were measured in a wavelength range
from approximately 400 to 700 nm using Dectak®ST, Axo-
metrics and Cary 500 Scan spectrophotometer respectively.
The optical transmission of the organic retardation layer was
measured using light beams linearly polarized parallel and
perpendicular to the coating direction (T, and T, respec-
tively). The obtained data were used to calculate the refractive
indices (nf, ns, and nn) shown in FIG. 9. The obtained retar-
dation layer was anisotropic (nf<ns=nn). The fast principal
axis is parallel to the coating direction (ab), and the slow
principal axis is perpendicular to the coating direction (ab).
The two in-plane refractive indices (nf and ns) and one refrac-
tive index (nn) in the normal direction obey the following
conditions for electromagnetic radiation in the visible spec-
tral range: An=An;=0.328 at A=633 nm; Ang=An;=0.332 at
A=550 nm; An;=An,,=0.338 at A=450 nm, where An,=ns-nf,
Ang=nn-nf. The measurements showed substantially small
values of the absorption coefficients of the organic retardation
layer in a visible spectral range of 380-780 nm.

EXAMPLE 2

[0084] This example describes one preferred embodiment
of the liquid crystal display according to the present inven-
tion. A schematic diagram of said liquid crystal display is
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shown in FIG. 5. The liquid crystal display is based on a liquid
crystal cell (6) of the vertical alignment type, which repre-
sents a liquid crystal layer with retardation equal to 275 nm.
The pair of polarizers (2 and 10) are arranged on each side of
the liquid crystal cell, and two compensating structures (3 and
7) are formed—one between the liquid crystal cell and the
first polarizer (2) and another between the liquid crystal cell
and the second polarizer (10). The transmission axis (11) of
the first polarizer is perpendicular to the transmission axis
(18) of the second polarizer. The first compensating structure
(3) comprises a retardation layer (4) of the first type, having
slow (12) and fast (13) axes lying substantially in the plane of
layer (4), and a retardation layer (5) of the second type rep-
resenting a negative C-plate with the optical axis (14) directed
substantially perpendicular to the plane of layer (5). The
retardation layer (4) is arranged so that its fast principal axis
(13)is perpendicular to the transmission axis (11) of polarizer
(2). The retardation layer (4) was formed using the method
described in Example 1. This retardation layer is character-
ized by the retardation parameter R ; equal to 250 nm. There
are two optimal sets of values for the retardation parameter
R;,~R of retardation layer (5) of the second type made of
triacetyl cellulose (TAC): 130 nm and 790 nm. The second
compensating structure (7) comprises a retardation layer (9)
of the first type, having slow (17) and fast (16) axes lying
substantially in the plane of layer (9), and a retardation layer
(8) ofthe second type representing a negative C-plate with the
optical axis (15) directed substantially perpendicular to the
plane of layer (8). The retardation layer (9) of the first type is
arranged so that the fast principal axis (16) of this layer is
perpendicular to the transmission axis (18) of polarizer (10).
Theretardation layer (9) of the first type, as well as retardation
layer (4), was formed using the method described in Example
1. The retardation layer (9) is characterized by the retardation
parameter R , equal to 250 nm. The retardation layer (8) of the
second type was also made of TAC. The retardation parameter
R, of retardation layer (8) was the same as the retardation
parameter R, of retardation layer (5). Retardation layers of
the second type (5 and 8) are situated closer to liquid crystal
cell (6) than the retardation layers of the first type (4 and 9).
The contrast ratio versus a viewing angle calculated for the
light with a wavelength of 450 nm is shown in FIG. 10a for a
non-compensated liquid crystal display, and in FIG. 105 for a
liquid crystal display (VA-LCD) according to the present
invention. FIGS. 114 and 115 show the contrast ratios calcu-
lated for an incident light wavelength of 550 nm. The calcu-
lations were performed for a non-compensated liquid crystal
display (FIG. 11a) and for a liquid crystal display according
to the present invention (FIG. 115). The contrast ratios cal-
culated for the incident light with a wavelength of 650 nm are
shown in FIGS. 12a and 125 for non-compensated and com-
pensated liquid crystal display respectively. The lower con-
trast ratio for large angles at azimuth of +45 degrees is a
consequence of single domain L.C cell with the director reori-
entation plane at azimuth of +45°. In case of multidomain
cells (MVA mode) this degradation of the contrast is absent.
The viewing angle color shift characteristics of the liquid
crystal display according to the present invention are given in
Table 8. The liquid crystal display was in the field-On (bright)
state at U=5V. The calculations were performed for an azi-
muthal viewing angle of —45 deg.
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TABLE 8

Viewing angle color shift characteristics of a VA-LCD in the
bright state at U =5V for an azimuthal viewing angle of —45 deg

Color coordinates (x, y) according to CIE
for a Standard Colorimetric Observer

Zenithal viewing  Light source  Non-compensated
angle, deg (D65) design Present VA-LCD
0 (0.316, 0.335) (0.301,0.327) (0.300, 0.328)
45 (0.316, 0.335) (0.307,0.335) (0.340, 0.368)
65 (0.316, 0.335) (0.314,0.342) (0.398, 0.414)

[0085] The viewing angle color shift characteristics of the
liquid crystal display according to the present invention cal-
culated for an azimuthal viewing angle of 0 deg are given in
Table 10.

TABLE 10

Viewing angle color shift characteristics of VA-LCD in the

bright state at U = 5 V for an azimuthal viewing angle of 0 deg

Color coordinates (x, y) according to CIE
for a Standard Colorimetric Observer

Zenithal viewing  Light source  Non-compensated

angle, deg (D65) design Present VA-LCD
0 (0.316,0.335)  (0.301,0.327)  (0.300, 0.328)
45 (0.316, 0.335) (0.307,0.335) (0.289, 0.313)
65 (0.316,0.335)  (0.314,0.342)  (0.288, 0.308)
[0086] Thus, the liquid crystal display according to the

present invention provides high contrast ratio for the entire
visible spectral range in a very broad interval of viewing
angles. The properties of the present design allow a roll-to-
roll fabrication procedure to be used for making the retarda-
tion layers and polarizers in one process.

EXAMPLE 3

[0087] This example describes another preferred embodi-
ment of the liquid crystal display according to the present
invention. The schematic diagram of said liquid crystal dis-
play is shown in FIG. 6. The liquid crystal display is based on
a liquid crystal cell (6) of the vertical alignment type, which
represents a liquid crystal layer with retardation equal to 275
nm. The pair of polarizers (2 and 10) are arranged on both
sides of the liquid crystal cell, and two compensating struc-
tures (3 and 7) are formed—one between the liquid crystal
cell and the first polarizer (2) and another between the liquid
crystal cell and the second polarizer (10). The transmission
axis (11) of the first polarizer is perpendicular to the trans-
mission axis (18) of the second polarizer. The first compen-
sating structure (3) comprises a retardation layer (4) of a first
type, having slow (12) and fast (13) axes lying substantially in
the plane of layer (4), and a retardation layer (5) of a second
type representing a negative C-plate with the optical axis (14)
directed substantially perpendicular to the plane of layer (5).
The retardation layer (4) is arranged so that the slow principal
axis (12) of this layer is perpendicular to the transmission axis
(11) of polarizer (2). The retardation layer (4) was formed
using the method described in Example 1. The retardation
layer (4) is characterized by the retardation parameter R,
equal to 98 nm, while the value of retardation parameter for
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retardation layer (5) of the second type made of TAC is
R 7,c=R =180 nm. In another variant of this embodiment, the
retardation layer (4) is characterized by the retardation
parameter R , equal to 424 nm, while the value of this param-
eter for retardation layer (5) of the second type made of TAC
is R;,=60 nm. The second compensating structure (7) com-
prises a retardation layer (9) of a first type, having slow (17)
and fast (16) axes lying substantially in the plane of layer (9),
and a retardation layer (8) of a second type representing a
negative C-plate with the optical axis (15) directed substan-
tially perpendicular to the plane of layer (8). The retardation
layer (9) of the first type is arranged so that the slow principal
axis (17) of this layer is perpendicular to the transmission axis
(18) of polarizer (10). The retardation layer of the first type
(9), as well as the retardation layer (4), was formed by the
method described in Example 1. The retardation layer (9) is
characterized by the retardation parameter R , equal to 98 nm
or 424 nm. The retardation layer (8) of the second type was
also made of TAC. The retardation parameter R, of retar-
dation layer (8) was equal to the value of R, for the retar-
dation layer (5). The retardation layers of the second type (5
and 8) are located closer to the liquid crystal cell (6) than the
retardation layers of the first type (4 and 9). The contrast ratio
calculated for an incident light wavelength of 550 nm is
shown in FIG. 13 for a system with retardation layers of the
second type (5 and 8) having the retardation parameter
R74=180 nm and retardation layers of the first type (4 and 9)
having the retardation parameter R ;=98 nm. FIG. 14 shows
the contrast ratios calculated for the incident light with a
wavelength of 550 nm for liquid crystal display according to
present invention with retardation layers of the second type (5
and 8) having the retardation parameters R ., ~60 nm, and for
retardation layers of the first type (4 and 9) having the retar-
dation parameters R ;=424 nm.

EXAMPLE 4

[0088] The example describes preparation of an organic
compound having general structural formula 1 shown in
Table 2. A 4,4'-(5,5-Dioxidodibenzo[b,d]thiene-3,7-diyl)
dibenzenesulfonic acid was prepared by sulfonation of 1,1"
o, 0O
\ /
\S/

4'1":4" 1""-quaterphenyl.
q
S/OH
9SGach
/ )

7
HO\S
If
(6]
A 1,1:4'1":4" 1""-Quaterphenyl (10 g) was charged

[0089]
into 20% oleum (100 ml). Reaction mass was agitated for 5
hours at ambient conditions. After that the reaction mixture
was diluted with water (170 ml). The final sulfuric acid con-
centration became ~55%. The precipitate was filtered and
rinsed with an acetic acid (~200 ml). Filter cake was dried in
oven at ~110° C. The process yielded 8 g of 4,4'-(5,5-Dioxi-
dodibenzo[b,d]thiene-3,7-diyl)dibenzenesulfonic acid.
H'NMR (Brucker Avance-600, DMSO-d, 8, ppm): 7.735 (d,
4H, 4CH*(3,3',5,5")); 7.845 (d, 4H, 4CH*(2,2',6,6"); 8.165
(dd, 2H, 2CH*(2,8)); 8.34 (m, 4H, 4CH*(1,9,4,6)). The
lectron spectrum (Spectrometer UV/VIS Varian Cary 500
Scan, aqueous solution): A,..,=218 nm (e=3.42*10%);
Monana=259 nm (€=3.89%10%); A,,,.5=314 nm (e=4.20%10%).
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Mass spectrum (Brucker Daltonics Ultraflex TOF/TOF):
molecular ion (M™=529), FW=528.57.

EXAMPLE 5

[0090] The example shows the preparation of organic thin
biaxial layer formed from lyotropic liquid crystal solution. A
4,4'-(5,5-Dioxidodibenzo[b,d|thiene-3,7-diyl)benzene-
sulfonic acid (1 g) obtained as described in Example 4 was
mixed with 3.8 ml of distilled water and 1.1 ml of 10-w %
aqueous sodium solution and then stirred at room temperature
(23° C.) until a lyotropic liquid solution was formed (for
about 1 hour).

[0091] LCD-grade Soda Lime glass substrates were pre-
pared for coating. The substrate was placed in Ultrasonic bath
with water solution of NaOH (w/w 10%) and KMnO,, (w/w
0.1%) for 30 min, then rinsed with deionized water, and
subjected to compressed air stream drying. The lyotropic
liquid crystal was coated onto the pretreated glass substrate
with Mayer Rod #1.5 moved at linear velocity of 200 mm/s
(humidity=30%, temperature=23° C.). The coated solution
was subjected to compressed air stream drying and thin retar-
dation layer of the first type was formed as the result.

[0092] The thickness of retardation layer formed was
between 420 and 450 um, but it depends on the desired optical
function and may vary controlling the concentration of com-
pound in the water solution. The retardation layer formed is
clear (colorless) and transparent in the optical spectral range.
[0093] The retardation layer based on material as shown in
Example 4 is characterized by fast principal axis lying in the
layer plane along the coating direction. The slow principal
axis lies in the layer plane also and is directed perpendicularly
to the coating direction. The refractive indices directed along
the fast principal axis (n,), along slow principal axis (n,), and
along the perpendicular direction relative to layer plane (n,,)
are found to be different. FIGS. 15-17 show a simplified
sketch of molecular and supramolecular packing in solution
and in dried films with respect to the substrate planes in case
of biaxial retardation layer. In solution the molecules sche-
matically shown in FIG. 15 are assembled in rod-like
supramolecules as shown in FIG. 16 and can form lyotropic
liquid crystal (LLC) in nematic phase. Said rod-like
supramolecules have anisotropic polarizability in plane
(uOw) which is perpendicular to their longitudinal axis
directed along Ov-axis. During the deposition process the
supramolecules are oriented under shear stress. The resultis a
retardation layer with supramolecules aligned in plane of a
substrate along the coating direction, as shown in FIG. 17.
FIG. 18 shows a wavelength dependence of refractive indices
for thin biaxial plate.

EXAMPLE 6

[0094] This example describes still another preferred
embodiment of the liquid crystal display according to the
present invention. FIG. 19 schematically shows a light beam
(1) and a liquid crystal display which comprises a liquid
crystal cell (6) of a vertical alignment mode, a pair of polar-
izers (2 and 10) arranged on each side of the liquid crystal cell,
and two compensating structures (30 and 40) disposed
between the liquid crystal cell and the first polarizer (2), and
the liquid crystal cell and second polarizer (10), conse-
quently. The transmission axis (11) of the first polarizer is
perpendicular to the transmission axis (18) of the second
polarizer. The first compensating structure (30) comprises a
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retardation layer of the first type (35) having slow (12) and
fast (13) axes lying substantially in the plane of said retarda-
tion layer (35), and a retardation layer of the second type (5)
as a negative C-plate with the optical axis (14) directed sub-
stantially perpendicularly to the plane of said retardation
layer (5). The retardation layer (35) is arranged such that the
fast principal axis (13) of said retardation layer is perpendicu-
lar to the transmission axis (11) of the polarizer (2). The
retardation layer (35) is a biaxial retardation layer character-
ized by two in-plane refractive indices (ns and nf) and one
refractive index (nn) in the normal direction which obey the
following condition for electromagnetic radiation in the vis-
ible spectral range: ns>nn>nf. The second compensating
structure (40) comprises a retardation layer of the first type (9)
having slow (17) and fast (16) axes lying substantially in the
plane of said retardation layer (45), and a retardation layer of
the second type (8) as a negative C-plate with the optical axis
(15) directed substantially perpendicularly to the plane of
said retardation layer (8). The retardation layer of the first
type (45) is arranged such that the fast principal axis (16) of
said retardation layer is perpendicular to the transmission axis
(18) of the polarizer (10). The retardation layer of the first
type (45) is a biaxial retardation layer being characterized by
two in-plane refractive indices (nf and ns) and one refractive
index (nn) in the normal direction which obey the following
condition for electromagnetic radiation in the visible spectral
range: ns>nn>nf. The retardation layer of the first type may be
made of the organic compound (4,4'-(5,5-Dioxidodibenzo[b,
d]thiene-3,7-diyl)dibenzenesulfonic acid) prepared accord-
ing to Example 4 and by method described in Example 5. For
the retardation layer of the first type (35 and 45) all of the three
principal refractive indices are different (see FIG. 18). The
lowest (n=1.496 at A=550 nm) and highest (n,=1.777 at
A=550 nm) values correspond to the fast and slow principal
axes respectively, which belong to the retardation layer plane.
The refractive index (nn) in the normal direction is equal to
1.663 at A=550 nm. Spectral dependencies for the principal
refractive indices of a uniaxial retardation layer of the second
type (-C-plate) are shown in FIG. 20. The optimal retardation
R of the second type retarder is 50 nm. Such small value of
retardation allows replacing the negative C-type retardation
layer by an inexpensive polymer—TAC films. The optimal
retardation of a single crystal VA LC and thickness of the first
type retardation layer are found to be 250 nm and 450 nm
respectively. The calculated viewing angle performance of
such design is illustrated in FIG. 21.

EXAMPLE 7

[0095] The example describes yet another preferred
embodiment of the liquid crystal display according to the
present invention. FIG. 22 schematically shows a light beam
(1) and a liquid crystal display which comprises a liquid
crystal cell (6) of a vertical alignment mode, a pair of polar-
izers (2 and 10) arranged on each side of the liquid crystal cell,
and one compensating structure (30) disposed between the
liquid crystal cell and the first polarizer (2). The transmission
axis (11) of the first polarizer is perpendicular to the trans-
mission axis (18) of the second polarizer. The first compen-
sating structure (30) comprises a retardation layer of the first
type (35) having slow (12) and fast (13) axes lying substan-
tially in the layer plane, and a retardation layer of the second
type (5) as a negative C-plate with the optical axis (14)
directed substantially perpendicular to the retardation layer
plane. The retardation layer (35) is arranged such that the fast
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principal axis (13) of said retardation layer is perpendicular to
the transmission axis (11) of the polarizer (2). The retardation
layer (35) is a biaxial retardation layer characterized by two
in-plane refractive indices (ns and nf) and one refractive index
(nn) in the normal direction which obey the following condi-
tion for electromagnetic radiation in the visible spectral
range: ns>nn>nf. For the retardation layer of a first type (35)
all of the three principal refractive indices nf, ns and nn are
different and equal to 1.595, 2.005 and 1.826 respectively at
A=550 nm. The retardation layer of the retarder of the second
type is made of polymer TAC film with retardation equal to 50
nm. Results of numerical optimization are shown in FIG. 23.
Optimization was carried out with respect to light leakage in
the field-off state for viewing angle 6=70° at A=550 nm. The
minimal leakage is at a thickness of retardation layer of the
first type equal to 0.65 pm and retardation of TAC of 230 nm.

EXAMPLE 8

[0096] The example describes one preferred embodiment
of the liquid crystal display according to the present inven-
tion. FIG. 24 schematically shows a light beam (1) and a
liquid crystal display which comprises a liquid crystal cell (6)
of a vertical alignment mode, a pair of polarizers (2 and 10)
arranged on each side of the liquid crystal cell, and one
compensating structure (50) disposed between the liquid
crystal cell and the first polarizer (2). The transmission axis
(11) of the first polarizer is perpendicular to the transmission
axis (18) of second polarizer. The compensating structure
(50) comprises a retardation layer of the first type (55) having
slow (21) and fast (22) axes lying substantially in the layer
plane, and a retardation layer of the second type (5) as a
negative C-plate with the optical axis (14) directed substan-
tially perpendicular to the layer plane. The retardation layer
(55) is arranged such that the fast principal axis (22) of said
retardation layer is perpendicular to the transmission axis
(11) of the polarizer (2). The retardation layer (55) is a biaxial
retardation layer characterized by two in-plane refractive
indices (ns and nf) and one refractive index (nn) in the normal
direction which obey the following condition for electromag-
netic radiation in the visible spectral range: ns>nn>nf. For the
retardation layer of the first type (55) all of the three principal
refractive indices nf, ns and nn are different and equal to
1.595, 2.005 and 1.826 respectively at A=550 nm. The retar-
dation layer of the retarder of the second type is made of
polymer TAC film with retardation d-An,~230 nm. Results
of numerical optimization are shown in FIG. 25. The minimal
leakage is at thickness of retardation layer of the first type
equal to 0.1-0.12 pum.

EXAMPLE 9

[0097] The example describes another preferred embodi-
ment of the liquid crystal display according to the present
invention. FIG. 26 schematically shows a light beam (1) and
a liquid crystal display which comprises a liquid crystal cell
(6) of a vertical alignment mode, a pair of polarizers (2 and
10) arranged on each side of the liquid crystal cell, and two
compensating structures (60 and 70) disposed between the
liquid crystal cell and the first polarizer (2) and the liquid
crystal cell and second polarizer (10) respectively. The trans-
mission axis (11) of the first polarizer is perpendicular to the
transmission axis (18) of the second polarizer. The first com-
pensating structure (60) comprises a retardation layer of the
first type (65) having slow (12) and fast (13) axes lying
substantially in the plane of said retardation layer (65), and
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two retardation layers of the second type (Sa and 5b) as a

negative C-plates with the optical axes (15a and 155) directed -continued
substantially perpendicularly to the plane of said retardation O
layers (5a and 5b) respectively. The retardation layer (65) is HO OH
arranged such that the fast principal axis (13) of said retarda- N
tion layer is perpendicular to the transmission axis (11) of the /
polarizer (2). The compensating structure (60) comprises first /L o
(5a) and second (5b) retardation layers of the second type N N
arranged on each side of one (65) retardation layer of the first ¢I\ *
type. The retardation layer (65) is a biaxial retardation layer N NN N +
characterized by two in-plane refractive indices (ns and nf)
and one refractive index (nn) in the normal direction which
obey the following condition for electromagnetic radiation in
the visible spectral range: ns>nn>nf. The second compensat-
ing structure (70) comprises a retardation layer of the first
type (75) having slow (17) and fast (16) axes lying substan- 0
tially in the plane of said retardation layer (75), and two OH
retardation layers of the second type (8a and 85) as a negative 0,
C-plates with the optical axes (14a and 145) directed substan- o OH
tially perpendicularly to the plane of said retardation layers
(8a and 8b). The compensating structure (70) comprises the 0
first (8a) and the second (85) retardation layers of the second N
type arranged on each side of one (75) retardation layer of the /L
first type. The retardation layer of the first type (75) is N N
arranged such that the fast principal axis (16) of said retarda-
tion layer is perpendicular to the transmission axis (18) of the J\ /k +
polarizer (10). The retardation layer of the first type (75) is a N NN N
biaxial retardation layer and it is characterized by two in-
plane refractive indices (nf and ns) and one refractive index
(nn) in the normal direction which obey the following condi-
tion for electromagnetic radiation in the visible spectral
range: ns>nn>nf. For the retardation layers of the first type
(65 and 75) all of the three principal refractive indices nf, ns 0
and nn are different and equal to 1.595, 2.005 and 1.826
respectively at A=550 nm. The retardation layer of the HO on
retarder of the second type is made of polymer TAC film with
retardation dAn,,, =50 nm. Results of numerical optimiza- Q N
tionare shown in FIG. 27. The minimal leakage is at thickness /A o
of retardation layer of the first type equal to 0.15 um. ud N N
)\ *
EXAMPLE 10 N NN N
[0098] The example describes syntheses of the mixture of
bisbenzimidazo[1',2":3,4;1",2":5,6][ 1,3,5]triazino[ 1,2-a]
benzimidazole-tricarboxylic acids:
(0]
2 OH
OH
A. Synthesis of methyl
HO, N 2-0x0-2,3-dihydro-1H-benzimidazole-6-carboxylate
/L [0099] Methyl 3,4-diaminobenzoate dihydrochloride (20
d N N g,0.08 mol) was mixed with urea (6.54 g, 0.11 mol). Reaction
J\ mixture was heated at ~150° C. for 7 hours. After cooling
NF N*\ * powder was suspended in water (400 ml) and pH of the last
N one was adjusted to 0.45 with hydrochloric acid. Precipitate
was filtered and rinsed with water and hydrochloric acid
(pH=1.5). Obtained filter cake was dried at ~100° C. Yield
15.7 g (97%).
B. Synthesis of methyl
0 2-chloro-1H-benzimidazole-6-carboxylate
HO [0100] Methyl 2-oxo-2,3-dihydro-1H-benzimidazole-6-

carboxylate (43 g, 0.22 mol) was charged into Phosphorus
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oxychloride (286 ml). Dry hydrogen chloride was bubbled
through the boiling reaction mass for 12 hours. After cooling
reaction mass was poured in mixture of ice and water (2 kg).
Precipitate was filtered out. Filtrate was diluted with water
(1.25 1) and ammonia solution (~800 ml). After that pH was
adjusted to 5.6 with use of ammonia solution. Precipitate was
filtered and rinsed with water. Yield 39.5 g (84%).

C. Synthesis of trimethyl bisbenzimidazo[1',2":3,4;
1".2":5,6][1,3,5]triazino[ 1,2-a]benzimidazole-tricar-
boxylates

[0101] Methyl 2-chloro-1H-benzimidazole-6-carboxylate
(38 g, 0.18 mol) was heated at 185-190° C. for 10 hours. Yield
30.3 g (96%).

D. Synthesis of bisbenzimidazo[1',2":3,4;1",2":5,6]
[1,3,5]triazino[ 1,2-a]benzimidazoletricarboxylic
acids

[0102] Trimethyl bisbenzimidazo[1',2":3,4;1",2":5,6][1,3,
S)triazino[1,2-a]benzimidazole-tricarboxylates (30 g, 0.06
mol) was charged into 5% solution of potassium hydroxide
(250 ml) and boiled for 1.5 hour. After cooling obtained
solution was filtered and neutralized with hydrogen chloride
solution. Then pH of solution was adjusted to 1.25 with
hydrochloric acid. Precipitate was filtered, rinsed with water
and dried at ~100° C. Mass spectrum (Ultraflex TOF/TOF
(Bruker Daltonics, Bremen, Germany)): M/Z=480 (FW=480.
39).Yield 26.3 g (95%).

EXAMPLE 11

[0103] The next example describes the preparation of a
retardation layer from a solution of polycyclic organic com-
pound schematically shown in FIG. 28: 10 g of a mixture of
bisbenzimidazo[1',2":3,4;1",2":5,6][ 1,3,5]triazino[ 1,2-a]

benzimidazole-tricarboxylic acids obtained as in Example 10
is dissolved in 90 g dimethylformamide and stirred at 20° C.
until total dissolution of the solid phase and the mixture is
stirred for 1 hr under ambient conditions. Then received mix-
ture is filtered. The soda-lime LCD quality glass slides are
prepared for coating by treating in a 10% NaOH solution for
30 min, rinsing with deionised water, and drying in airflow
with the aid of a compressor. The obtained isotropic solution
schematically shown in FIG. 29 is applied onto a glass plate
with a Mayer rod #2.5 at a temperature of 20 centigrade and
relative humidity of 50%. The layer is dried at the same
humidity and temperature in gentle flow of a hot air. Due to
specific intermolecular interactions the shear stress is not a
main alignment force. As a result, during the drying stage the
“flat” molecules are oriented with their plane parallel to the
surface of substrate, as shown in FIG. 30. Some kinds of
post-treatment procedures (e. g. annealing) may be applied to
improve molecules ordering. The refractive indices spectra of
the obtained retardation layer are presented in FIG. 20. The
obtained retardation layer is optically isotropic in the plane
(nf=ns) and exhibits high retardation R in the vertical direc-
tion. The normal refraction index nn is much lower than the
in-plane refraction indices nf and ns. Said retardation layer is
named a negative C-plate. Such plate results in optical retar-
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dation only for oblique incidence of light. The value of the
birefringence (ns—nn) is relatively large (0.25 at A=550 nm).

EXAMPLE 12

[0104] The example describes another preferred embodi-
ment of the liquid crystal display according to the present
invention. FIG. 31 schematically shows a light beam (1) and
a liquid crystal display which comprises a liquid crystal cell
(6) of a vertical alignment mode, a pair of polarizers (2 and
10) arranged on each side of the liquid crystal cell, and one
compensating structure (80) disposed between the liquid
crystal cell and the first polarizer (2). The transmission axis
(11) of the first polarizer is perpendicular to the transmission
axis (18) of second polarizer. The compensating structure
(80) comprises at least one biaxial retardation layer (85)
characterized by two in-plane refractive indices (nf and ns)
corresponding to a slow principal axis (90) and a fast princi-
pal axis (95) respectively, and one refractive index (nn) in the
normal direction (100) which obey the following condition
for electromagnetic radiation in the visible spectral range:
ns>nn>nf. The retardation layer (85) is arranged such that the
fast principal axis (95) of said retardation layer is perpendicu-
lar to the transmission axis (11) of the polarizer (2). For the
biaxial retardation layer (85) all of the three principal refrac-
tive indices nf, ns and nn are different. In still another embodi-
ment of the liquid crystal display, the compensating structure
comprising at least one biaxial retardation layer may be dis-
posed between the liquid crystal cell and the second polarizer
(10). In yet another embodiment of the present invention, the
liquid crystal display comprises two compensating struc-
tures. Each of the structures comprises at least one biaxial
retardation layer and they are located on each side of the
liquid crystal cell.

EXAMPLE 13

[0105] The example schematically describes the prepara-
tion of a retardation layer from a solution of polycyclic
organic compound. FIGS. 32 and 33 demonstrates a simpli-
fied sketch of molecular and supramolecular packing in the
solution and in the retardation layers with respect to the
substrate planes in cases of a uniaxial retardation layer (nega-
tive A-plate) which is characterized by two in-plane refractive
indices (nf and ns) corresponding to a fast principal axis and
a slow principal axis respectively, and one refractive index
(nn) in the normal direction which obey the following condi-
tion for electromagnetic radiation in the visible spectral
range: nn=ns>nf. In solution, the molecules are assembled in
rod-like supramolecules as schematically shown in FIG. 32
and can form lyotropic liquid crystal (LLC) in nematic phase.
Said rod-like supramolecules have approximately isotropic
polarizability in plane (uOw) which is perpendicular to their
longitudinal axis directed along Ov-axis. During the deposi-
tion process the supramolecules are oriented under shear
stress. The result is an ordered uniaxial retardation layer with
supramolecules aligned in plane of a substrate along the coat-
ing direction, as shown in FIG. 33. FIG. 34 shows a wave-
length dependence of refractive indices for said uniaxial thin
negative A-plate.

What is claimed is:

1. A liquid crystal display comprising

a vertical alignment mode liquid crystal cell,

two polarizers arranged on each side of the liquid crystal
cell, and
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at least one compensating structure located between the where Sys is an at least partially conjugated substantially
liquid crystal cell and one of said polarizers, wherein the planar polycyclic molecular system,
polarizers have transmission axes which are perpendicu- X i.s a carboxylic group —COOH,
lar to each other, and the compensating structure com- mis0,1,2,3ord;
prises at least one retardation layer comprising Yis 5‘ slulgognc g£9up —S0;H,
supramolecules comprising at least one polycyclic %llss a’ca’rb’oxaorili d’e
organic compound with a conjugated m-system and pis0,1,2,3o0r4; ’
functional groups which are capable of forming non- Qis a sulfonamide
covalent bonds between said supramolecules. vis0,1,2,3 or 4; ’
2. A liquid crystal display according to claim 1, wherein the D is a counterion;
organic compound has a general structural formula I s is the number of counterions providing neutral state of
the molecule;
R is a substituent selected from the list comprising CHj,
) C,Hs, Cl, Br, NO,, F, CF,, CN, OH, OCH,, OC,Hs,
l OCOCHS,, OCN, SCN, NH,, and NHCOCH,, and
Y wis0,1,2,3or4.
Sys % 3. A liquid crystal display according to claim 2, wherein
Q. Sys is substantially transparent in the visible spectral range.
R, 4. A liquid crystal display according to any of claim 2 or 3,

wherein Sys has the general structural formula from the list
comprising structures II to XLIX:
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5. A liquid crystal display according to any of claims 2 to 4,
wherein the counterion is selected from the list comprising
ions of H*, NH,*, Na*,K*, Li*, Ba**, Ca™, Mg**, Sr**, Cs™,
Pb**, and Zn**

6. A liquid crystal display according to any of claims 1 to 5,
wherein the organic compound is an oligophenyl derivative.

7. A liquid crystal display according to claim 6, wherein the
oligophenyl derivative has a general structural formula cor-
responding to one of structures 1 to 7:
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8. A liquid crystal display according to any of claims 1 to 5,
wherein the organic compound is a bibenzimidazole deriva-
tive and has a general structural formula corresponding to one
of structures 8 to 9:

®
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9. A liquid crystal display according to any of claims 1 to 5,
wherein the organic compound is a “triazine” derivative and
has a general structural formula corresponding to one of
structures 10 to 12:
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10. A liquid crystal display according to any of claims 1 to
5, wherein the organic compound is an acenaphthoquinoxa-
line derivative.
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11. A liquid crystal display acc

34

ording to claim 10, wherein

the acenaphthoquinoxaline derivative comprises a carboxylic
group and has a general structural formula corresponding to

one of structures 13 to 19:
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12. A liquid crystal display according to claim 10, wherein
the acenaphthoquinoxaline derivative comprises a sulfonic
group and has a general structural formula corresponding to

structures 20 to 31:
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13. A liquid crystal display according to any of claims 1 to
5, wherein the organic compound is a 6,7-dihydrobenzimi-
dazo[1,2-c]quinazolin-6-one derivative.

14. A liquid crystal display according to claim 13, wherein
the 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one deriva-
tive comprises at least one carboxylic group —COOH, mis 1,
2 or 3, and said derivative has a general structural formula
from the group comprising structures 32 to 44:
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tive comprises at least one said sulfonic group —SO;H,nis 1,
2 or 3, and said derivative has a general structural formula

39 from the list comprising structures 45 to 53:
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the 6,7-dihydrobenzimidazo[1,2-c]quinazolin-6-one deriva-
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16. A liquid crystal display according to any of claims 1 to
15, wherein at least one of said retardation layers is water
non-soluble.

17. A liquid crystal display according to any of claims 1 to
16, wherein the supramolecules form at least partially a three-
dimensional structure in said retardation layer.

18. A liquid crystal display according to any of claims 1 to
17, wherein at least one of the non-covalent bonds is an
H-bond.

19. A liquid crystal display according to any of claims 1 to
18, wherein at least one of the non-covalent bonds is a coor-
dination bond.

20. A liquid crystal display according to any of claims 1 to
19, wherein the liquid crystal cell comprises:

first and second substrates opposing each other and being
substantially parallel to each other,

a first electrode provided on a first surface of said first
substrate, said first surface facing said second substrate,

a second electrode provided on a second surface of said
second substrate, said second surface facing said first
substrate,

a first molecular alignment film provided on said first sur-
face of said first substrate so as to cover said first elec-
trode,

asecond molecular alignment film provided on said second
surface of said second substrate so as to cover said sec-
ond electrode, and

38
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aliquid crystal layer confined between said first and second
substrates, and said liquid crystal layer containing liquid
crystal molecules of a negative dielectric anisotropy.

21. A liquid crystal display according to any of claims 1 to
20, wherein the retardation layer is a biaxial retardation layer
characterized by two in-plane refractive indices (nf and ns)
corresponding to a fast principal axis and a slow principal axis
respectively, and one refractive index (nn) in the normal
direction which obey the following condition for electromag-
netic radiation in the visible spectral range: ns>nn>nf.

22. A liquid crystal display according to claim 21, wherein
the retardation layer is arranged such that the fast axis of said
retardation layer is substantially perpendicular to the trans-
mission axis of the adjacent polarizer.

23. A liquid crystal display according to claim 21, wherein
the retardation layer is arranged such that the fast axis of said
retardation layer is substantially parallel to the transmission
axis of the adjacent polarizer.

24. A liquid crystal display according to any of claims 21 to
23, wherein the retardation layer comprises rod-like
supramolecules which are oriented with their longitudinal
axes substantially parallel to the fast principal axis, wherein
said rod-like supramolecules have anisotropic polarizability
in planes which are perpendicular to their longitudinal axes.

25. A liquid crystal display according to any of claims 1 to
20, wherein the compensating structure comprises at least one
retardation layer of a first type having slow and fast principal
axes lying substantially in the plane of the first type retarda-
tion layer, and at least one retardation layer of a second type
having an optical axis directed substantially perpendicular to
the plane of the second type retardation layer.

26. A liquid crystal display according to claim 25, wherein
the retardation layer of the first type is a uniaxial retardation
layer characterized by two in-plane refractive indices (nfand
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following condition for electromag-
netic radiation in the visible spectral range: nn=ns>nf.

27. A liquid crystal display according to claim 25, wherein
the retardation layer of the first type is a slightly biaxial
retardation layer characterized by two in-plane refractive
indices (nf'and ns) corresponding to a fast principal axis and
a slow principal axis respectively, and one refractive index
(nn) in the normal direction which obey the following condi-
tions for electromagnetic radiation in the visible spectral
range: ns>nf, nn>nf, and Inn-nsl/(nn+ns)<0.1.

28. A liquid crystal display according to any of claim 26 or
27, wherein the retardation layer of the first type comprises
rod-like supramolecules which are oriented with their longi-
tudinal axes substantially parallel to the fast principal axis.

29. A liquid crystal display according to claim 28, wherein
said rod-like supramolecules have approximately isotropic
polarizability in planes which are perpendicular to their lon-
gitudinal axes.

30. A liquid crystal display according to claim 25, wherein
the retardation layer of the first type is a slightly biaxial
retardation layer characterized by two in-plane refractive
indices (nf and ns) corresponding to a fast principal axis and
a slow principal axis respectively, and one refractive index
(nn) in the normal direction which obey the following condi-
tions for electromagnetic radiation in the visible spectral
range: ns>nf, ns>nn, and Inn-nfl/(nn+nf)<0.1.

31. A liquid crystal display according to claim 25, wherein
the retardation layer of the first type is a biaxial retardation
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layer characterized by two in-plane refractive indices (nf'and
ns) corresponding to a fast principal axis and a slow principal
axis respectively, and one refractive index (nn) in the normal
direction which obey the following condition for electromag-
netic radiation in the visible spectral range: ns>nn>nf.

32. A liquid crystal display according to claim 31, wherein
the retardation layer of the first type comprises rod-like
supramolecules which are oriented with their longitudinal
axes substantially parallel to the fast principal axis, wherein
said rod-like supramolecules have anisotropic polarizability
in planes which are perpendicular to their longitudinal axes.

33. A liquid crystal display according to any of claims 25 to
32, wherein the retardation layer of the first type is arranged
such that the fast axis of said retardation layer is substantially
perpendicular to the transmission axis of the adjacent polar-
izer.

34. A liquid crystal display according to any of claims 25 to
32, wherein the retardation layer of the first type is arranged
such that the fast axis of said retardation layer is substantially
parallel to the transmission axis of the adjacent polarizer.

35. A liquid crystal display according to any of claims 25 to
34, wherein the retardation layer of the second type is a
uniaxial retardation layer characterized by two in-plane
refractive indices (nf and ns) corresponding to a fast principal
axis and a slow principal axis respectively, and one refractive
index (nn) in the normal direction which obey the following
condition for electromagnetic radiation in the visible spectral
range: nf=ns>nn.

36. A liquid crystal display according to any of claims 25 to
32, wherein the retardation layer of the second type is a
slightly biaxial retardation layer characterized by two in-
plane refractive indices (nf and ns) corresponding to a fast
principal axis and a slow principal axis respectively, and one
refractive index (nn) in the normal direction which obey the
following conditions for electromagnetic radiation in the vis-
ible spectral range: ns>nf>nn, and (ns—-nf)/(ns+nf)<0.1.

May 13, 2010

37. A liquid crystal display according to any of claims 25 to
36, wherein the retardation layer of the second type comprises
sheet-like supramolecules which are oriented with their plane
substantially parallel to the surface of said retardation layer.

38. A liquid crystal display according to any of claims 25 to
36, wherein the retardation layer of the second type comprises
rod-like supramolecules which are oriented with their longi-
tudinal axes substantially perpendicular to the surface of said
retardation layer.

39. A liquid crystal display according to any of claims 25 to
36, wherein the retardation layer of the second type comprises
flat polycyclic organic compounds, which are oriented with
their plane substantially parallel to the surface of said retar-
dation layer.

40. A liquid crystal display according to any of claims 25 to
35, wherein the retardation layer of the second type comprises
triacetyl cellulose (TAC).

41. A liquid crystal display according to any of claims 25 to
40, wherein said compensating structure comprises the retar-
dation layer of the second type located closer to said liquid
crystal cell as compared to the retardation layer of the first
type.

42. A liquid crystal display according to any of claims 25 to
40, wherein said compensating structure comprises the retar-
dation layer of the first type located closer to said liquid
crystal cell as compared to the retardation layer of the second
type.

43. A liquid crystal display according to any of claims 25 to
40, wherein said compensating structure comprises first and
second retardation layers of second type arranged on each
side of one retardation layer of a first type.

44. A liquid crystal display according to any of claims 1 to
43, comprising at least two compensating structures located
on each side of the liquid crystal cell.
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