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[Designation of Document] SPECIFICATION

[Title of the Invention] Active Matrix Type ﬁiquid
Crystal Display Device
{Claims]

[Claim 1] A liquid crystal display device
coﬁprising:

a pair of insulating substrate disposed opposite

each other;

a pair of orientation films formed over the-

insulating substrates;

a liquid crystal composition held between the

pair of orientation films:;
" pixel electrodes and counter electrodes to apply
a lateral electric field almost parallel to surfaces
of the substrates; and |
| a pair of polarizers holding the pair of

substrates therebetween;

wherein an initial orientation angle B1 between
an in-plane direction of the lateral electric field |

and an initial orientation direction on one

é

orientation film side and an initial orientation angle

B2 between the in-plane direction of the lateral

electric field and an initial orientation direction on .

~ the other orientation film side are in the

relationship of f1%-§2; _ .
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wherein an angle between the in-plane direction
of the lateral electric fiéld and a polarizing axis of
one of the polarizers is almost zero.

[Claim 2] A liquid crystal display device
comprising:

a pair of insulating substrate disposed opposite
each other;

a pair of orientation films formed over the
insulating substrates:

a liquid crystal coﬁposition held between the
pair of orientation films;

pixel electrodes and counter electrodes to épply
a lateral electric field almost parallel to surfaces
of the substrates; and

a pair of polarizers holding the pair of
substrates therebetWeen}

wherein the liquid crystal composition has a
positive dielectric anisotropy: |

| wherein an initial orientation angle 1 between

an in-plane direction of the lateral electriF field
and an initial orientation direction on one
orientation film side ahd an initial orientation angle
f2 between the in-plane direction of the lateral
electric field and an initial orientation direction on

the other orientation film side have opposite signs
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and are in the relationship of [f1 + 2] < 20
degrees;

wherein an angle between the in-plane direction .
of the lateral electric field and a polarizing axis of
one of the-polarizers-is almost zero. | |

[Claim 3] A liquid crystal display device
according to claim 2, wherein 35 degrees < {f1| < 90
degrees and 35 degrees < |B2| < 90 degrees hold.

[Claim 4] A liquid crystal display device
acéording to claim 1, 2 or 3, wherein optical
compensation liquid crystallcells are arranged on the
upper side or the lower side of the pair of the
opposing substrates

-[Claim 5] A liquid crystal display device
according to claim 4, wherein in the optical optical
compensation liquid crystal cells, an initial
orientation anglé B3 between an in-plane direction of
the lateral electric field and an initial orientation
direction on one orientation film side and an initial.
orientation angle B4 between the in-plane d;;ection.of |
the lateral electric field and an initial orientation
direction on the other orientation film side have the
relationship, with respect to Pl and P2, of |B3-P4| =
|B1-P2|, and the angle B3 is almost perpendicular to
the angle B2. -
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{Claim 6] A liquid crystal display device
according to claim 5, wherein a product of a
refractive index anisotropy of the liquid crystal
composition in the optical compensation liquid crystal

cell and a thickness of the liquid crystal layer (An- -

~d)' and a product of a refractive index aniéotropy of

a liquid crystal composition in a drive liquid crystal
cell and a thickness of the liquid crystal layer (An-
d)} is in the relationship of

0.4* (An-+d) < (An+d)' < 0.6° (An-d)

[Claim 7] A liquid crystal display device

_ according to claim 6, wherein an angle ¢1 between a

polarizing axis of one of the polarizers and the in-

- plane direction of the lateral electric field and an

angle $2 between a pol;rizing_axis of the other
polarizer and the in-plane direction of the in-plane
electric field are in the relationship of

90 degreeé < l¢1-¢2| < 120 degrees:

[Claim 8] A liquid crystal disblay device
according to claim 6, wherein the angle J1 a?d the
angle P2 are in the relationship of

90 degrees < |P1-P2] < 115 degrees |

[Claim 9] A liquid crystal display device.
according to claim 6, wherein a product of a

refractive index anisotropy of the liquid crystal

[
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composition and a thickness of the liquid crystal
layer (An-d) is

(An-+d) 2750 nm

[Claim 10] A liquid crystal display device
according to claim_S, wherein a product of a
refractive index anisotropy of the liquid crystal

composition in the optical compensation liquid crystal

 cell and a thickness of the liquid crystal layer (An-

d)' and a product of a refractive index anisotropy of
a iiquid crystai composition in a drive liquid crystal
cell and a thickness of the liquid crystal layer (An-
d) is in the relationship of

(An+d) = (An-d)*

[Claim 11] A liquid crystal display device.
according to claim IO,IWherein an angle ¢l between a
polarizing axis of one of the.polarizers and the in-

plane direction of the lateral electric field and an

angle ¢2 between a polarizing axis of the other

polarizer and the in-plane direction of the lateral
electric field are in the relationship of

[$p1-p2| = 90 degrees

‘[Claim 12] A liquid crystal display device.
according to claim 10, wherein.the angle f1 and the
angle P2 are in the relationship of

70 degrees < |PB1l-B2| < 160 degrees
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[Claim 13} A liquid crystal display device
according to claim 10, whérein'a product of a
refractive index anisbtropy of the liquid crystal
composifion and a thickness of the liquid crystal
layer (An-d) is

(An-d) 2750 nm

[Claim 14] A liquid crystal display device

according to claim 1, 2 or 3, wherein optical

'compensation phase films are arranged on the upper

side, lower side or both sides of the pair of
substrates.

{Claim 15] A liquid crystal display device
according to claim 14, wherein the optical
compensation phase films hold a cholesteric liquid
crystal therebetween.

-{Claim 16] A liquid crystal display device
according to claim 14, wherein two or more of the
optical compensation phase films are provided, with at
least one-film arfanged between one of the substrates
and the polarizer and at least 6ne film arranged
between the other substrate and the polarizé;.

[Claim 17] A liquid crystal display device
according to claim 16, wherein an angle Y1l between one
phase lagging axis of the optical compensation phase

films and an in-plane direction of a lateral electric
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field, and an angle y2 between the other phase lagging
axis and the in-plane direction of the lateral
electric field are
= f1/2 and y2 = P2/2
[Claim 18] A liquid crystal display device
according to claim 17, wherein the sum of products -

(An -djn of a refractive index anisotropy and a

thickness of a liquid crystal composition in the

optical compensation phase films, and a prodﬁct (An -

d) of a refractive index anisotropy and a thickness of
a liquid crystal composition of drive liquid crystal

cells are in the relationship of
0.4-(An-d)<> (A-d)n < 0.6-(An-d)
' . i=l

[Claim 18] A liquid crystal display device
according to claim 18, wherein an angle ¢l between a

polarizing axis of one of the polarizers and the in-

. plane direction of the lateral electric field and an

angle $2 between a polarizing axis of the other

polarizer and the in-plane direction of the lateral

-electric field are in the relationship of

90 degrees < |$pl-$2| < 120 degrees
[Claim 20] A liquid crystal display device
according to claim 18, wherein the angle Bl and the

angle f2 are in the relationship of

This Sheet Has Been R
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90 degrees < [Pl1-P2] ; 115 degrees

(Claim 211 A liquid crystal display device
according to claim 18, wherein a product of a
refractive index anisotropy of the liquid crystal
composition and a thickness of the liquid crystal
lafer (An-+d) is

(An-<d) 2750 nm

[{Claim 22] A liquid crystal display device

according to claim 17, wherein the sum of products

_(Arx°d)n of a refractive index anisotropy and a

thickness of a liquid crystal composition in the

optical compeﬁsation phase films, and a product (An-
d) of a refractive index anisotropy and a thickness of
a liquid crystal composition of drive liquid crystal
cells are in the relatiénship of

>.(A-dn = (An-d)

i=l

[Claim 23] A liquid crystal display device

'_ according to claim 22, wherein an.angle $1 between a

polarizing axis of one of the polarizers and the in-

4

 plane direction of the lateral electric field and an

angle $2 between a polarizing axis of the other .

polarizer and the in-plane direction of the lateral
electric field are in the relationship of

|d1-Pp2| = 90 degrees
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{Claim 24] A liquid crystal display device
according to claim 22, wherein the angle Pl and the
angle P2 are in the relationship of |

70 degrees < [B1-P2| < 160 degrees

[Claim 25] A liquid crystal display device
acoording to claim 22, wherein a product of a
refractive index anisotropy of the liquid crystal
composition and a thickness of the liquid crystal
layer (An -d) is |

(An-d) 2750 nm

{Claim 26] A liquid crystal dispiay device
according to claim 14, wherein two or more of the
optical compensation phase films are provided, with at
least two films arranged between one of the substrates
and the polarizer.

[Claim 27] A liquid crystal display device

. comprising:

a pair of insulating substrate disposed oppoéite

‘each other;

a pair of orientation films formed oven'the
insulating substrates;

a liquid crystal composition held between the
pair of orientation films;

pixel electrodes and counter electrodes to apply

a lateral electric field almost paréllel to surfaces
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of the substrates; and

a pair of polarizers holding the pair of
substrates therebetween;

wherein the liquid crystal composition has a
negative dielectric anisotropy:;

wherein an initial orientation angle Bl between
an in-plane direction of the lateral electric field
and an initial orientation direction on one
orientation film side and an initial orientation angle
B2 between the in—piane direction of the lateral
electric field and an initial orientation direction on
the other orientation film side have opposite signs
and are in the rélationship of

O.degree,< IBl] < 55 degrees and 0 degree < |f2]
< 55 degrees;

wherein an angle between the in-plane direction
of the lateral electric field and a polarizing axis of
one of the polarizers is almost zero.

[Claim 281_ A liquid crystal display device
according to claim 27, wh?rein an angle ¢1 bgtween a
polarizing axis of one of the polarizers and the in-
plane direction of the lateral electric field and an
angle $2 between a polarizing axis of the other
polarizer and the in-plane direction of the lateral

electric field are in the relationship of
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90 degrees < |p1-¢2]| < 120 degrees
[Claim 29] A liquid crystal display device

according to claim 27, wherein the angle 1 and the
angle 2 are in the relationship of

20 degrees < 1P1-B2| < 50 degrees

[Claim 30} A liquid crystal display device

according to claim 27, wherein a product of a

refractive index anisotropy of the liquid crystal
composition and a thickness of the liquid crYstal
layer (An-d) is

(An+d) 2750 nm

[Claim 31] A liquid crystal display device
according to claim 27, further comprising a pair of
opposing insulatiné substrates, a pair of orientation
films formed on the substrates to orientate a liquid
crystal composition, and optical compensation liquid
crystal cells holding the liquid cryﬁtal composition
between the pair of orientation films.

{Claim 32] A liquid crystal display device
according to claim 27, further comprising opgical
compensation phase films.

[Detailed Description of the Invention]
[0001]
[Technical Field to Which the Invention Belongs}

The present invention relates to a liquid crystal

" This Sheet Has Been Reﬂlaced
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display device and more particularly to an active
matrix type liquid crystal display device using thin-
film transistors.

[(0002]

[Prior Art]

Active matrix type liquid crystal display devices
using active devices represented by thin-film
transistors (TFTs) are beginning to find wide_uses as
display terminals for office automation equipment
thanks to their features of small thickness and light
weight and high display quélity, compared to that of
CRT. The display methods of the liquid crystal
display device can be classified largely into two
categories. In one method, a liquid crystal is held
between two substrates having transparent electrodes
and the liquid_crystal'is acﬁivated by a voltage
aﬁplied to the transparent electrodes to modulate
light that has passed through the transparent
electrodes and entered the liquid crystal to display
an image. Most of the liquid crystal display products
currently in use adopt this method. In another
method, the liquid crystal is activated by an electric
field virtually parallel to a substrate surface-
beﬁween two electrodes formed on the substrate to

modulate the light entering the liquid crystal from a-

This Sheet Has Been Reﬂla
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gap betwéen the two electrodes {hereinafter referred
to as a lateral field method). This has an advantage
of significantly wide viewing angle and is a
prospective technique in connection with the active
matrix type liquid crystal display device. The
features of the latter method are described mainly in
Published Japanese Translation of PCT Patent
Application from another state No. 505247/1993,
Japanese Patent Publicatioﬁ No. 21907/1988 and
Japanese Patent Laid-Open No. 160878/1994.

[0003]

[Problems to be éolved by the Invention]

The active matrix type liquid crystal display-
device described in the above patent application in
connection with the lateral field method - (also called
an in-plane switching method), however, has a response
Speed of about 100 ms at the fastest, far from the
requirement of less than 40-20 ms for the display of
dynamic images. 'This type of liquid crystal display
device has the drawback that when a dynamic image is
displayed, its residual image is_produéed maiinq the
dynamic image look like a comet with a tail.

[(0004]

An object'of_this invention is to provide an

active matrix type liquid crystal display device which

Sheet Has Been meﬂi
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has a wide viewing angle, compared to that of a CRT
and a response fast enough to'display a dynamic image.

[0005] | | |

The known lateral field method has the following
two types of configuration.

 [0006]

The respoﬁse time is defined as the sum of a rise -
time at voltage application and a féll time at voltage
turn-off and will be detailed in the following.

[0007]

The first configuration has the liquid crystal
molecules in a liquid crystal layer initially

orientated in the same directioh as the electric field

_applicatioh direction on the interface of the liquid

crystal layer on the upper substrate side and, on the
interface on fhe lower substrate side, orientated
about 90 degrees from the electric field application
direction so that the liquid crystal molecules are
twisted about 90 dégrees when the voltage is turned
off.

[0008]

The liquid crystal molecules in this state are
turned about 90 degrees in the electric field
application difeCtion at the interface on the lower

substrate side by the electric field almost parallel

This Sheet Has Been Reﬂlaced
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to the substrate surface generated by two electrodes
(referred to as a lateral field) to eliminate their
optical rotary power and thereby change their
transmittance to display an image.

[0009]

This configuration, however, needs to rotate the
liquid crystal molecules near the interface with the
lower substrate by as much as about 90 degrees and

therefore the drive voltage may easily become

'extremely high, higher than 10 V. As for the response

speed of this configuration, although the rise time

~ can be made faster to some extent, the fall time takes

on at least 40 ms because the liquid c;ystal molecules
nust turn back through 90 degrees. This response is
not fast enoﬁgh for diSplaying a dYnamic image.

[0010] -

in the second configuration the liquid crystal
molecules in the liquid crystal layer at the
interfaces Qith the upper and lower substrate are
initially orientated almost in the same direction so
that they are homogeneously orientated withoﬁt any
twist when the wvoltage is turned off. The liquid
crystal molecules in this'state are wholly rotated

about 45 degrees in the electric field direction by

the lateral field (when the molecules have a positive

This Sheet Has Been Reilaced
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dielectric anisqtropy. When they have a negative
dielectric anisotropy, they are rotated in a direction
perpendicular to the electric field) to change the
birefringent index of the liquid crystal layer at that
time and therefofe the transmittance to display an
image.

[0011]

The second configuration can reduge the drive

voltage to about 5 V, lower than that of the first

- configuration, which is in a practical range except

for a rapidly changing;'épecific dynamic pictures.

[0012] |

In the second configuration, the response speed
depends greatly on the thickness of the liquid crystal.
layer between the upper and lower substrates and is
faster as the liquid érystal layer thickness becomes-
smaller. When the gap between the substrates is made
too narrow, the gap uniformity becomes difficult to
maintain, with an increased chance of display
variations occurring. There is another problem that
the process of injecting the liquid crystal is slow,

taking a too long time. Considering thése factors,

~ the liquid crystal layer has a practical thickness

limit of about 4 um. The response speed therefore has

been some 60 ms at the fastest.
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[0013]

Examples of the first configuration are described
in G. Baur et al, JAPAN DISPLAY 1992, PP.547-550, or
by R. A. Soref, Journal of Applied Physics, Vol. 45,
No. 12, December 1974, PP. 5466-5468, or by R. A.

Soref, Proceedings of the IEEE, December 1974, PP.

1710-1711.

(0014]

An example of the second configuration is found
in ASIA DISPLAX 1995; PP. 577-580 by M. Ohe et al.

[0015]

[Means to Solve the Problems])

A typiéal configuration of this invention is the -
one in which the liquid crystal molecules in the
liquid crystal layer are initially orientated about 45
degrees from the voltage application direction at the

interface with the upper substrate and, at the

'interface wi;h the lower substrate, oriehtated about -

45'degreés from the voltage application direction so

that the liquid crystal molecules are twisted by some -

" 90 degrees when the voltage is turned off.

[0016]
For easy understanding, the initial orientation
angle is defined as positive for.a counterclockwise

rotation with respect to the in-plane direction of the

I
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lateral field and ranges from -90 degrees to 90
degrees.

[0017]

To display an image, the liquid crystal molecules
in this state are rotated by the lateral field about -
45 degrees in the electric field direction at the
interface with_the upper substrate and, at the
interface with the lower substrate, rotated about 45
degrees in the electric field direction ﬁo eliminate
their birefringence and thereby change their
transmittance, forming an image.

[0018] |

In this configuration, the liquid crystal
molecules near the interfaces with the upper and lower
substrates need only to be turned about 45 degrees
respectively in opposite directions, which can be
realized by a lower voltage than that of the first
configuration. Further, because this configuration

comprises the fwo liquid crystal layers stacked

" together, each twisted by 45'degrees about thg center

of the liquid crystal layef in opposite directions,
this cqnfigurétion is identical to the one in which
the gap_between the substrates is reducéd to about

one-half. That is, the liquid crystal molecules in

two stacked layers, because their activation force is
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associated with the elastic relation among the liquid
crystal molecules in each layer, are identical to the

one having virtually one-half the liquid crystal layer

thickness in terms of activation of the molecules.

(0019]

In the case of the first configuration, like the
second configuration the-response speed becomes faster
as the liquid crystal layer thickness decreases, i.e.,
the response speed is approximately inversely
proportional to the square of the liquid crystal layer

thickness. Further, because the liquid crystal layer

~of this embodiment rotates only 45 degrees, compared

to 90 degrees in the first configuration, the response

is about two times faster than that of the first

- configuration. In theory, the configuration of this

invention can achieve a response speed up to about
eight times that of the first embodiment.
[0020]

Assuming that the fall time in the first

-embodiment is ‘about 45 ms, the configuration of this

invention can theoretically realize a fall time of
about 6'mé. Measurements show that this configuration
achieved a response speed of. about 20 ms.

[0021] |

In this configuration, no reduction in the
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response speed has resulted which has been observed in
the conventional cbnfigurations during a half-tone
display, and almost constant, fast response speed was
obtained at any applied voltage.

[0022]
[Embodiments of the Invention]

This invention and further objects and features

of this invention will become apparent from the

- following description with reference to the

accompanying drawings.
[0023]
(Embodiment 1)
<<Active Matrix Liquid CrYstal Display Devicé>>

- An embodiment of an active matrix type color

liquid crystal display device to which this invention

is applied will be described in the following. In the
drawings, parts having identical functions are denoted

by like reference numbers and their descriptions will

‘not be repeated.

[0024]
<<Planar Configuration of a Matrix Portion (Pixel
Portion)>>

‘Figure 1 is a plan view showing one pixel and its
peripheral portién in an active matrix type color
liquid crystal display device.

-
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[0025]

As shown in Figure 1, each pixel is arranged

"inside an intersection area {(an area enclosed by four

signal lines) enclosed by a scanning signal line (gate
electrode line or horizontal signal line) GL, a
counter voltage line (counter electrode wiring) CL,
two adjoining video signal lines (drain signal line or
vertical signal line) DL. Each pixel includes a thin-
film transistor TFT, a storage capacitor Cstg, a pixel
electrode PX and a counter electrode CT. Two or more

sets of the scanning signal line GL and the counter

voltage line CL extending in the lateral direction are

arranged in the vertical direction in the figure. A
plurality of the video signal lines DL extending in
fhe vertical directidn are arranged in the latefal
direction. The - pixel electrode PX is connected to the
thin-film transiétqr TFT, and the counter electrode CT
is formed integrally with the counter volﬁage line CL.

[0026]

Two pixels adjoining each other vertiéally along
the video signal lines DL, when they are fol&ed along
the line A of Figure 1, overlap with each other in
their planar configurations. This is té allow the
counter voltage line CL to be shared by the two

vertically adjoining pixels along the wvideo signal

This Sheet Has Been Replaced
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lines DL and thereby increase the width of the counter
voltage line CL to reduce its resistance, allowing a
sufficient counter voltage to be supplied to each
counter electrode CT of the laterally aligned pixels
from an external circuit.

[0027]

The pixel electrode PX and the counter electrode
CT oppose each other to form an electfic field between
them to control an optical state of the liquid crystal
LC and theréfore,image display. The pixel electrode

PX and the counter electrode CT are formed like comb

teeth, each fofming a narrow electrode extending

vertically to the paper.

[0028]

In each pixel, the number 6f counter electrodes
CT (the number of comb teeth) O and the number of
pixel_eleCtrodes PX (the number of comb teeth) P have

the relation of 0=P+1 (in this embodiment, 0=3, P=2).

- This relationship'is.held to arrange the counter

electrodes CT and the pixel electrodes PX alternately
and to ensure that the counter electrodes CT are close
to the video signal lines DL. This arrangement is for

shielding the wvideo signal lines DL from electric

- lines of force by means of the counter electrodes CT

to prevent the electric field between the counter

____———/. -
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electrode CT and the pixel electrode PX from being
influenced by the electric field from the video signal
lines DL. The counter electrode CT has a stable |
potential because it is supplied at all times by the
external circuit through the counter voltage line CL
described later. Hence, the potential of the counter
electrode CT shows almost no variation even if it is
close to the video signal lines DL. This arrangement -
sets the pixel electrode PX geometrically remote from
the video signal lines DL, resulting in a significant

reduction in a parasitic capacitance between the pixel

electrode PX and the video signal lines DL and

suppressing variations of a pixel electrode potential
Vs caused by the video signal voltage. It is
therefore possible to minimize crosstalks (image
quality degradations called vertical smear) that occur
in the vertical direction. | |

[0029]

The widths of the pixel electrode PX and the
counter electrode CT are each set at 6 pm. This value"
is chosen because these widths need to bé seé‘larger
than the thickness of the liquid crystal layer
described later, 5.0 pm, to allow a sufficient
electric field to be applied to the whole liquid

crystal layer in the direction of its thickness and

- This Sheet Has Been Reﬂlaced
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also need to_be set as narrow as possible to increase
the aperture ratio. To prevent line disconnection,
the width of the video signal lines DL is set to 8 um,
slightly wider than the pixel electrode PX and the
counter electrode CT. Here, the width of the wvideo
signal lines DL is set less than two times the width
of the adjoining counter electrode CT. Alternatively,

when the width of the video signal lines DL is already

~determined from the productivity or yield, the width

of the counter electrode CT édjoining the video signal

lines DL is set more than one-half the width of the

. video signal lines DL. This is to cause the electric

lines of force generated by the video signal lines DL
to be absorbed by the counter electrodes CT on both
sides. To absorb electric lines of force generated by

an electrode of a certain width requires another

 electrode of an equal or greater width. Because the

electric lines of force generated by a part. of one-
half the width of the wvideo signal line DL (4 pm each)
need to be absorbed by the counter electrode;CT on one
side, the width of the counter e;ectrodes CT adjoining
the video signal lines DL is set more than one-half
the width of the video signal lines DL. This prevents
crosstalks, particularly vertical ones, caused by the

effects of the signal electrode.

Thls Sheet Has Been Replaced
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[0030]

The width of the scanning signal line GL is
determined so as to satisfy the resistance value at
which a sufficient scanning voltage is allied to a
gate electrode GT of a pixel on the terminal side (on
the opposite side of a scan signal terminal GTM
described later). The width of the counter voltage
line CL is also set to meet the resistance wvalue at
which a sufficient counter voltage is applied to the
counter electrode CT of a pixel on the terminal side

(on the opposite side of a common bus line CB

described later).

[0031]

‘The distgncé between the pixel electrode PX and
the éodnter electno&e CT is changed according to the
liquid crystal material for the reaspn'described
below. Since the electric field strength that
realizes the maximum transmittance differs among
liquid crystal materialé, the electrode-to-electrode
distance is set according to the liquid crystal
material so that the maximum transmittance c;n be
obtained within the range of the maximum amplitude of
the electrode voltage determined by the withstand

voltage of the signal electrode drive circuit (a

driver on the electrode side). Using a liquid crystal

This Sheet Has Been Refilaced
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material described later, the electrode interval is 16
pm.

[0032]

While this embodiment arranges all the electrodes
on the TFT substrate side, some electrodes,
particularly the.couﬁter electrode CT and the counter
voltage line CL, may be placed on the counter
substrate side. This arrangement also falls in the
scope of this invention.

[0033]

There is no particular limitation on the

. direction of the counter electrode CT. While in this

embodiment the counter electrode CT is arranged in the
same direction as the gate signal line GL, it may be
laid in the same direction as the drain signal line DL
ér'arranged in the form of matrix. All these
arrangements fall in the scope of this invention.
[0034] |
<<Cross-Sectional Configuration of the Matrix Portion
(Pixel Portion)>> ,
Figure 2 shows a cross section taken along the
line 3-3 of Figure 1. Figure 3 shoWs a cross section
of a thin-film transistor TFT taken along the line 4-4

of Figure 1. Figure 4 shows a cross section of a

stofage capacitor Cstg taken along the line 5-5 of
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Figure 1. As shown in Figure 2 to 4, there are a
lower transparent glass substrate SUBl and an upper
transparent glass substrate SUB2 with the liquid
crystal layer LC interposed between. On the lower
transparent glass subétrate SUB1 are formed a thin-
film transistor TFT, é storage capacitor Cstg and
other electrodes. On the upper transparent glass
substrate SUB2 are formed a color filter FIL and a
black matrix pattern BM for light shielding.
[0035]

On the inner side (liquid crystal LC side) of

~each of the transparent glass substrates SUB1,  SUBZ,

alignment or orientation films ORI1, ORI2 are formed

‘that control the initial orientation of the liquid

crystal. On. the outer side of each of the transparent
glass substrates SUBl1l, SUB2 are placed polarizors
whose polarizing axes are crossed perpendicularly
(crossed—Nicols arrangement) .

[0036] -
<<TFT Substrate>>

First, the configuration of the loWer transparent
glass substrate SUBl-(TET substrate) will be described
in detail.

[0037].

<<Thin-Film Transistor-TFT>>
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The thin-film transistor TFT operates in such a

way that its channel resistance between the source and

the drain decreases when a positive bias is applied to

the gate electrode GT and, when the bias is set to

zZzero, increases.

[0038]

As shown in Figure 3, the thin-film transistor

TFT has an i-type (intrinsic, meaning no conductivity

type determining impurities are introdﬁced)

semiconductor layer AS comprising a gate electrode GT,

a gate insulating film GI and an i-type amorphous

pair of drain electrodes SD2.

'silicon (Si), a pair of source electrodes SD1 and a

The source and the

drain are determined essentially by the bias polarity

between them, and in the circuit of this liquid

crystal display device the bias polarity is reversed

during operation and thus it should be understood that

the source and the drain switch to each other during

the operation. In the following description, however,

one of them is fixedly as a source and the other a

drain for convenience.
[0039]

<<Gate Electrode GT>>

¢

The gate electrode GT is formed continuously with

the scanning signal line GL so that a part of the
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scanning signal line GL forms the gate electrode GT.
The gate electrode GT is a part extending beyond an
active region of the thin-film transistor TFT and is
formed slightly larger than the i-type semiconduétor
layer AS so as to completely cover it (when viewed
from below). In addition to the function of a.gate
electrode, the gate electrode GT serves to protect the
i-type semiconductor layer AS from external light and
backiight. In this example, the gate electrode GT is
formed of a single layer of a conductive film gl. The
conductive film gl may be an aluminum (Al) film forméd
by sputtering. Over the conductive film gl is formed
an anodic oxide film AOF of aluminuﬁ.

{0040])

<<Scanning Signal Line GL>>

'The scanning signal line GL is formed of the
conductive film.gl. The conductive film gl of this
scanning signal line GL is made by the same
manufacture process as the conductive f£ilm gl of the
gate electrode GT and formed integrally wit@ it.
Through the scanning signal line GL a gate voltage Vg
is supplied from an external circuit to the gate
electrode GT. The anodic oxide film AOF of aluminum
is also formed over the scanning signal line GL. The

part of the scanning signal line GL that crosses the
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video signal lines DL is formed narrow to reduce the
probability of short-circuit with the video signal
lines DL and is bifurcated so as to be cut by laser
trimming even when a short-circuit occurs.

[0041]
<<Counter Electrode CT>>

The counter electrode CT is formed of.a
conductive film gl that is in the same layer as the
gate electrode GT and the scanning signal line GL.
The aluminum anodic oxide film AOF is formed over the

counter electrode CT, too. The counter electrode CT

. is applied with a counter voltage Vcom. In this

‘embodiment, the counter voltage Vcom is set at a .

potential which is, by the field-through voltage AVs
lower than an intermediate DC potential between a

minimum level drive voltage Vdmin and a maximum level

~drive voltage Vdmax applied to the video signal lines

DL, the field-through voltage AVs being generated
when the thin;film transistor TFT is turned off. When
it is necessary to reduce the power supply vpltage of
the integrated circuit used in the.signal electrode
drive circuit by half, an AC voltage needs to be
applied. '

[0042]

<<Counter Voltage Line CL>>

ﬂmsmmHuBﬁmRT

LT



The counter voltage line CL is formed of a
conductive film gl. The conductive film gl of the
'counter voltage line CL is deposited in the same
manufacturing process for the conductive film gl of

5 the gate electrode GT, the scanning signal line GL and
the counter electrode CT, and is formed integrally
with the counter electrode CT. Through this counter
voltage line CL the counter voltage Vcom is supplied
from the exterﬁal circuit to the counter electrode CT.

10 The aluminum anodic oxide film AOF is also formed over
the counter voltage line CL. The part of the counter
voltage line CL that crosses the video'signal lines DL
is, like the scanning signal line GL, formed narrow to
reduce the probability of short-circuit with the video

15 signal lines DL and is bifurcated so as to be cut by
laser trimming even when a short-circuit occurs.

[0043] |
<<Insulating Film GI>>

In the thin-film transistor TFT, the insulating

- 20 film GI is used as a gate insulating film to apply an
electric field to the semiconductor layer AS as well
.as the gate electrode GT. The insulating film GI is
formed over the gate eiectrode GT and the scanning
signal line GL. :The insulating film GI may be a

25 silicon nitride film deposited to a thickness of 1200~
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2700 angstrom (A) (in this embodiment, about 2400 A)
by, for instance, a plasma chemical vapor deposition.
The gate insulating film GI is formed so as to enclose
the whole matrix area AR, with its peripheral portion
removed to expose external connection terminals DTM,
GTM. The insulating film GI serves also as electric
insulation between the séanning signal line GL or
counter voltage line CL and the video signal lines DL.
[0044]
<<Li-type Semiconductér Layer AS>>
Thg i-type semiconductor layer AS is made of
amorphous silicon and deposited to a thickness of 200-

2200 A (in this embodiment, about 2000 A). 'A layer dO

is an N(+) amorphous silicon semiconductor layer doped

with phosphorus (P) for ohmic contact, and is left
only where there is an i-type semiconductor layer AS
below and a conductive layer dl (d2) above.

[0045]

The i-type semiconductor layer AS is also
provided between the s¢anning signal line G% or
counter voltage line CL and the video signal lines DL
at their intersections (crossover portions). The i-
type semiconductor layer AS at the crossdve; portions
reduces .the possibility'of short-circuit between the

scanning signal line GL or counter voltage line CL and
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the video signal lines DL.
[0046]
<<Source Electrode SD1l, Drain Electrode SD2>>
The source electrode SD1 and the drain electrode
SD2 are each formed of a conductive film dl in contact
with the N(+) semiconductor layer dO and a conductive
film d2 formed over the first conductive film dl.
[0047]

The conductive film.dl is made of chromium (Cr)

by sputtering to a thickness of 500-1000 A (in this

embodiment, about 600 A). The Cr film has an
increased stress when formed to a greater thickness
and therefore its thickness is limited to about 2000 A
at most. The Cr film is used (as a so-called barrier
layer) to ensure a satisfactory adhésiQn with the N(+)
semicondﬁctor layer_dO ahd to prevent aluminum of ﬁhe
conductive film d2 from diffusing into the N(+)
semiconductor layer d0. In addition to a Cr film, the
conductive film dl may be a high.melting point metal
(Mo, Ti, Ta, W) film or a high melting point silicide
(MoSi,, Tisi,, TaSi,, WSi,) film. .

[0048]

The conductive film d2 is formed by sputtering
aluminum to a thickness of 3000-5000 A (in this
embodiment, about 4000 A). The aluminum.film has
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smaller stresses than the Cr_film and can be formed to
a greater thickness,
the source electrodes SD1,
video signal lines DL.
and ensuring the extension over the steps formed due

to the formation of the gate electrode GT and i-type

semiconductor layer AS.

(0049} .

The conductive film dl and conductive film d2 are

thus reducing the resistances of
drain electrodes SD2 and

Improving the step coverage,

patterned with the same mask pattern and then, by

using the same mask or

and conductive film d2 as mésks, the N(+)

semiconductor layer dO0 is removed. That is, the N(+)

semiconductor .layer d0 remaining on the i-type

- semiconductor ‘layer AS
manner in the portions
dl and conductive film d2. At thls tlme, because the
N(+) semiconductor layer d0 is etched away to its full
thickness, the i-type semiconductor layer AS is also

etched slightly at the surface.

etching can be controlled by the etching time.

[0050]

<<Video Signal Lines DL>>

The video signal lines DL are formed of a source

electrode SDl,

a second conductive film in the same

by using the conductive film dl

is removed in a self-alignment

other than the conductive film

The degree pf the
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layer as the source electrode SD1, and a third

conductive film d3. The video signal lines DL are

formed integrally with the drain electrode SD2.
(00511

<<Pixel Electrode PX>>

The pixel electrode PX is formed of a source

electrode SD1, a second conductive film in the same

layer as the source electrode SD1, and a third
conductive film d3. The pixel.electrode'Px are formed
integrally with the source electrode SDl.

[0052]
<<Storage Capacitor Cstg>>

At its end opposite to the end connected to the
thin-film transistor TFT, the pixel electrode PX is so
formed as to ovérlap with the counter voltage line CL.
This overlapping, as.can be seen from Figure 4, forms

a storage capacitor'(a capacitive device) Cstg having

the pixel electrode PX as one electrode PL2 and the

counter voltage line CL as another electrode PLl. The
dielectric film of the storage capacitor Cstg is
formed of the insulating film GI used as a gate

insulating film of the thin-film transistor TFT and

‘the anodic oxide film AOF.

[0053]

As shown in the plan view of Figure 1, the
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sforage capacitor Cstg is formed in a region where the
width of the conductive film gl of the counter voltage
line CL is enlarged.

[0054]
<<Passivation Layer PSV1>>

over the thin-film transistor TFT is formed a
passivation lgyer”?SV1, which has a primary function
of protecting the thin~-film transistor TFT against
moisture and is made of a highly transparenf and
moisture-resistant material. The passivation layer
PSV1 may be formed of.a silicon oxide layer or silicon
nitride layer deposited by a plasma CVD device to a .
thickness of about 1 um.

[0055]

The passivation layer PSV1 is formed to enclose
the entire matrix areélAR with its peripheral portion
removed to expose the external connection terminals
DTM, GTM. As to the thickness of the passi&aticn _
layer PSV1 and the gate insulating film GI, the former
is made thick for the prdtection efféct and Fhe-latter
is made thin considering the mutual conductance gm of
a transistor. Hence, the passivation layer PSV1 with
a’high protecting capability is formed larger than the
gate insulating film GI to protect as wide an area as

possible at the peripheral portion as well.
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[0056]
<<Color Filter Substrate>>

Next, referring back to Figure 1 and 2, the
configuration of the upper transparent glass substrate
SUB2 (color filter substrate) will be described in
detail.
<<Light Shielding Film BM>> |

On the upper transparent glass substrate SUB2 is
formed a light shielding film BM (generally.called a
black matrix) that prevents transmitted light passing
through unwanted gaps (other than the gaps between the
pixel electrode PX and the counter electrode CT) from
going toward the display surface and degrading the
contrast. The light shielding film BM also serves to
prevent external light or backlight from entering the
i-type semiconductor layer AS. That is, the i-type
semiconductor layer AS of the thin-film transistor TFT
is sandwiched by the upper and lower light shieldihg
films BM and the slightly large gate electrode GT, and
thus protgcted against éxternal natural lighp and
backlight.

[0057]

A closed polygonal contour line of the light
shielding film BM shown iﬁ Figure 1 represents an

aﬁerture inside of which the light shielding film BM
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is not formed. This contour line pattern is just one
example. The boundary line in the vertical direction
of the figure is determined according to the precision
of alignment between the uppér and lower substrates.
When the alignment precision is better than the width
of the countér electrode CT adjoining the video signal
lines DL, setting the contour line within the width of
the counter electrode allows the aperture to be
enlarged.

[0058]

The light shielding film BM is made of a film
that has a light shielding capability and a high

.insulating capability not to influence the electric

field between the pixel electrode PX and the counter

electrode CT. 1In this embodiment the light shielding
film BM is made of a résist material mixed with black
pigment and formed to a thickness of about 1.2 pm.

{0059]

The light shielding film BM is formed as.a grid
around each pixel to define an effective di;play area
of each éixel. Thus, the contour of each pixel is
made clear by the light shielding film BM. That is,
the light shielding film BM has two functions, one as
a black matrix,énd one as a lightwfhielding means for

the i~type semiconductor layer AS.
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[0060] _

The light shielding film BM is also formed at the
peripheral portion like a frame and its pattern is
continuous with the pattern of the matrix area of
Figure 1 having a plurality of dotlike openings. The
light shielding film BM at the peripheral portion
extends to the outside of the seal portion SL to

prevent light such as reflected light produced in the

.apparatus equipped with the liquid display device,

such as a personal computer from entering the matrix
area. The light.shielding film BM is kept about 0.3-
1.0 mm inside from the edge of the substrate SUB2,
avoiding the cut area of the substrate SUB2.
(0061]
<<Color Filter FIL>>
The color filtér FIL comprises alternated red,
green and blue stripe:filters formed af portions
facing the pixeis. The color filter FIL overlaps the
edge portion of the light shielding film BM.
[0062] |
The color filter FIL can be formed as follows.
First, on the sufface of the upper transparent glass
substrate SUB2 a dyeing base made of such a material
as acrylic resin is formed and then removed in areés
other than the red filter forming area by
-
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- photolithography. Then, the dyeing base is colored

with a red dye and fixed to form a red filter R. This
is followed by the similar process to form a green
filter G and a blue filter B.

[0063]
<<Overcoating Film OC>>

The overcoating film OC is provided to prevent
leakage of the dye of the color filter FIL into the
liquid crystal LC and to planarize stepped portions
formed by the color filter FIL and the light shielding
film BM. The overcoating film OC may be made of a
transparent resin material such as acrylic resin or
epoxy resin. |

[0064]
<<Liquid Crystal Layer and Polarizer>>

Next, the liquid crystal layer, orientation film
and polarizet, the features of this invention, will be
described.

[0065]
<<Liquid Crystal Layer>> ’

The liquid crystal matgrial is a nematic liquid
crystal with a positive dielectric anisotropy Ae of
10.2 and a refractive index. anisotropy An of 0.084

(589 nm at 20°C). The liquid crystal layer has a

thickness of 5.0 pum and a retardation An-+<d of 0.42
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pm. With this retardation An-+d, it is possible to
obtain the maximum contrast for the initial

orientation angle and polarizer arrangement described

later. That is, in Embodiment 1, the retardation An-

d is so determined as to produce a display of 0-th
order birefringence (first minimum) mode.

[0066] _

The thickness of the liquid crystal layer is
controlled by polymer beads.

[0067]

To realize the initiai orientation state in which’
the liquid crystal is twisted by about 90 degrees, in
this embodiment, about 0.1% of chiral material‘twisted
a clockwise is added to the liquid crystal from the
upper substrate SUB2 to the lower substrate SUBl;

[0068) '

The liquid crystal material LC is not
partiéularly limited. It is noted, however, that the

larger the dielectric anisotropy A€ and the smaller

- the elastic constant K2 associated with twisting, the

lower the drive voltage can be.

[0069] |

When the liquid crystal layer is thick, the time
taken to inject the liquid crystal cén be reduced and

variation in the gap between the substrates also can

il
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be reduced. To improve the response speed, the
thickness is 8 um or less; desirably, to obtain the
response speed of around 30 ms the'liquid crystal
layer thickness should preferably be 5 um or less.

- [0070]}
<<Orientation Film>>

The orientation film is made of polyimide. The
orientation film ORI1l on tﬁe lower substrate side is
rubbed in a rubbing direction RDR1 and the orientation
film ORI2 on the upper substrate side is rubbed in a
rubbing direction RDR2.

[0071]

The initial orientation angle is defined to be
positive for a counterclockwise rotation with respect
to. the in-plane direction of the lateral electric
field and to range from -90 degrees to 90 degrees.'
That is, either in the rubbing direction RDR or in the
obposite direction, the initial orientation direction
is_in the range from -90 degrées to 90 degrees with
respect to the in—plané direction of the lateral
electric field.

[0072]

In this embodiment, the initial orientation angle

f1 between the rubbing direction RDR1 and the applied

electric field direction EDR on the orientation film
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ORIl side is set at —-45 degrees. The initial

orientation angle P2 between the rubbing direction

RDR2 and the applied electric field direction EDR on
the orientation film ORI2 side is set at 45 degrees.
The initial orientation angles of the upper and lower

are twisted 0=90 degrees. Figure 16 shows this state.

[0073]

In this embodiment, it is important to set Bl and

B2 so that they may fall in the range from -90 degrees

to -35 degrees and in the range from 35 degrees to 90
degrees, or preferably set at -45 degrees and 45
degrees respectively.

[0074]

It is possible to switch the signs of f1 and P2.
In that case, the twist direction is reversed.

[0075]

In the rubbing directions RDR1l, RDR2 shown in
Figure 16, the orientation of the tilt angle of liquid
crystal molecules in the liquid crystal layer at the
upper and lower substrate interface is in thpl"splay"
state that the liquid crystal molecules produce an
éffect of compensating for optical characteristics to
provide a wide viewing angle characteristic.

[0076] |

The response speed of this invention can also be
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increased by setting the initial orientation angles ..
B1, P2 so that the tilt angle of the liquid crystal'
molecules in the'liquid crystal layer is in the
"parallel" state. In that case, the rubbing direction
RDR1 is, for example, -45 degrees (f1 is -45 degrees)
with respect to the in-plane direction of the lateral

electric field and the rubbing direction RDR2 is -135

degrees (P2 is 45 degrees) with respect to the in-

plane direction of the lateral electric field. 1In

- other words, it is also possible to set the rubbing

direction RDR2 in the opposite direction.

[0077]
<<Polarizer>>

A polarizer of Nitto Denko make, G1220DU, is
used, apd the polarizinglaxis MAX1 of the polarizer
POL1 on the lower substrate side is aiigned with the
direction of electric field EDR. To describe in more
_detail, the angle ¢1 between the polarizing axis MAX1 -
of the polarizer PbLl and thé.applied electric field
direction EDR is-set to 0 degree. The polar?zing axis
MAX2 of the upper polarizer POL2 is set perpendicular
to the polarizing axis MAX1 of the lower polarizer
POLl. That is, the angle ¢2 between the polarizing
axis MAX2 of the upper polarizer POL2 and the applied

electric field direction EDR is set to 90 degrees.
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.[0078]

Therefore, the angle between the polarizing axis
MAX1l and the polarizing axis MAX2, ¢ =|$2 - 1, is
set to 90 degrees. Figure 16 shows-this relationship.
With this arrangemeht, as the applied voltage between
the pixel electrode PX and the counter electrode CT is
increased, the optical axes of the liquid érystal
molecules are reorientated toward the polarizing axis
MAX1, gradually reducing birefringence until the
transmittance progressively decreases down to black.
In this way a normally open characteristic is |
produced.

[0079]

Further,. the polarizing axis MAX2 of the upper
polarizer POL2 and the polarizing axis MAX1 of the
lower polarizer POL1 can be exchanged to produce the
identical characteristic. That is, the following
setting may be made, $d1 = 90 degrees and ¢2 =
degrees. '

[0080]
<<Configuration of Periphery of Matrix>>

Figure 5 is a plan view showing an essential
peripheral portion around fhe matrix (AR) of the
display panel PNL including the upper and lower glass
substrates SUBl, SUB2. Figure 6 shows on the left a
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cross section of an external connection terminal GTM
region to which the scanning circuit is to be
connected, and on the right a cross section of a seal
portion with no external connection terminals.

[0081]

In the manufacture of this panel, if the panel
size is small, a plurality of devices are fabricated
simultaneously from a single glass substrate and then
divided into individual panels for improved
throughput. If the panel size is large, a standard
size glass substrate is commonly used to fabricate any
type kind of deviée in order to share the
manufacturing facility and then cut to an appropriate
size for each kind of device. In either case, after
being subjected to a predetefmined sequence of
processes, the glass substrate is cut. Figure 3 and 6
represent the latter case. Both of these figures show
the state of the uppér and lower substrates SUBl, SUB2
after being cut., LN denoting the edge of the

substrates before cutting. In either case, where

there are external connection terminal groups Tg, Td

and terminals COT (subscript omitted) (upper and left
sides in the figure), the size of the upper substrate
SUB2 in a finished state is limited to the inside of

the lower substrate SUBl to expose these terminals.
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The terminal groups Tg, Td including the scanning
circuit connection terminals GTM, the signal electrode
circuit connection terminals DTM, and their-lead_out
wiring portion are named in groups of terminals
grouped for each tape carrier package TCP (Figure 13,
14) mounted with an integrated circuit chip CHI. The

leadout wiring from the matrix portion of each

" terminal group to the'external connection terminal

portion are inclined as they approach the ends. This
is to match the terminals DTM, GTM of the display

panel PNL to the arrangement pitch of the packages TCP

- and the connection terminal pitch in each packade TCP.

The counter electrode terminal COT is a terminal to
apply the counter voltage from the external circuit to
the counter electrode CT. The counter voltage lines

CL of the matrix portion are led out to the opposite

- side of the scénning circuit terminals GTM (to the

right side in the figure) are grouped together with a
common bus line CB and connected to the counter
electrode términal COT. |
| [0082]
Between the transparent glass substrates SUB1,
SUB2 a seal pattern SL is formed along their edges
except for a liquid crystal injection port INJ so that

the liquid crystal LC can be sealed. The sealing
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material may be made of epoxy resin.

[0083]

The orientation films ORI1, ORIZ are formed
inside the seal pattern SL. The polarizers POLl, POL2
are formed on the outer surfaces of the lower
transparent glass substrate SUBl and the upper
transparent glass suﬁstrate SUB2, respectively. The
liquid crystal LC is sealed in a space enclosed by the
‘lower orientation film ORIl and upper orientation film
ORI2, both setting the orientation of the liquid
crystal molecules, and by the seal pattern SL. The
lower orientation film ORIl is formed over the
passivation.layer PSV1 on the lower transparent glass
substrate SUB1l side.

[0084]

This liquid crystal display device is assembled
by stacking a variety of layers on the lower
transparent glass substrate SUB1 and on the upper .
.transparent glass substrate SUB2, separately; forming
the seal pattern SL on the upper transparent glass
substrate SUB2 side; stacking the lower traﬁgparent
glass substrate SUB1l and the upper transparent glass
substrate SUB2; injecting the liquid crystal LC from
the injection port INJ of the seal material SL;

sealing the injection port INJ with epoxy resin or the
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like; and cutting the upper and lower substrates.

[0085]
<<Gate Terminal Portion>>

Figure 7 shows the connection structure the
scanning ‘signal line GL of the display matrix to its
external connection terminal GTM. Figure 7(A) is a
plan view and Figure 7(B) is a cross section taken
aléng the line B-B of (A). The figure corresponds to
the lower part_of the ;onnection structure and the
inclined wiriné is shown by straight lines for
convenience. |

[0086]

AQ denotes a boundary line of a photoresist
direct drawing, i.e., a photoresist pattern for
selective anodic oxidation. This photoresist is
removed after anodic oxidation and thus the pattern AO

shown in Figure 7 does not remain in the compléted

product. But because the oxide film AOF is

selectively formed over the gate line GL as shown in
the cross section, its trace remains. In the plan
view, the left side of the photoresist boundéry line
AO is an area that is covered with a resist and not
subjected to anodic oxidation while the right side is
exposed from the resist for anodic oxidation. On the

anodically-oxidized aluminum layer gl is formed an
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oxide, Al;0; film AOF, reducing the volume of the
underlying conductive portion. The anodic oxidation,
of course, is performed under properly controlled
conditions including time and volfage so that the
underlying conductive portion may remain.

[0087]

In the figure,'the aluminum layer gl is shown by
a hatched portion for .easy recognition, and the'iegion
that is not subjected to anodic oxidation'is patterned

in the form of comb teeth, for the following reason.

" When the width of the aluminum layer is wide, whiskers

are formed on the surface. Hence, the aluﬁinum layer
is divided into a plurality of parallel narrow lines
to prevegt'the.formation of whiskers while at the same
time minimizing the probability of line breakage and
the reductionlof conductivity.

[0088])

The gate terminal GTM comprises the aluminum

layer gl and a transparent conductive layer g2 that

.protects the surface of gl and improves the

reliability of connection with tape carrier packages.
The transparent conductive layer g2 is a transparent .
conductive indium-tin-oxide film (ITO: NESA film)

formed by sputtering té a thickness of 100-2000 A (in
this embodiment, about 1400 A). Conductive layers di,
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d2 are formed over the aluminum layer gl and its side.
lThe conductive layer dl is a Cr layer that has good
connectability with both the aluminum layer and the
transparent conductive layer g2 to reduce connection

5 resistance and thereby to compensate for detective
connection between the aluminum layer and the
transparent conductive layer g2. The conductive layer
d2 remains there because it is formed by the same mask
used for the conductive layer dl.

10 [0089]

In the plan view, the gate insulating film GI is
formed on the right side of its boundary line and the
passivation layer PSV1 is also formed on the right
side of its boundary line. Hence, the terminal

15 portion GTM located at the left end is exposed for
electrical contact with external circuits. Although
the figure shows only one pair of gate line GL and
gate terminal, the actual device has a plurality of
such pairs arranged parallelly in a vertical direction

.20 to form terminal groups Tg (Figure 5). The left end
of the gate terminal is extended beyond the cutting
area of the substrate and short-circuited by a wiring
Shg (not shown) during the process of manufacture.
Such a shorting line SHg is uséd for supplying |

25 electricity during the anodic oxidation and for
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preventing electrostatic breakdown during the rubbing
of the orientation film ORIl in the process of
manufacture.

[0090]
<<Drain Terminal DTM>>

Figu:e 8 shows the connection structure from the
video signal line DL to its external connection
terminal DTM. Figure 8(A) is a plan view and Figure
8(B) is a cross section taken along the line B-B of
Figure 8(A). Figure 8 corresponds to the upper right
area of Figure 5 although the direction of the figure
is changed for convenience. The right-hand end area
of Figure 8 corresponds to the upper end portion of
the substrate SUBL.

[0091]

TSTd designates a testing pad, which is formed
wider than its line portion so that a probe or the
like can be brought into contact w1th it, although it

is not connected with external circuits. Similarly,

the drain terminal DIM, too, is formed wider than its

line portion for connection with external circuits.
The external connection drain terminals DTM are
arranged in the vertical direction, forming the
terminal groups Td (subscript omitted) as shown in

Figure 5 and extending beyond the cutting line of the
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substrate SUBl1l. The drain terminals DTM are'éll

short—-circuited by the wiring SHd (not shown) to

prevent electrostatic breakdown during the

manufacturing process. The testing pad TSTd is formed
at every other video signal line DL as shown in Figure
8. |

[0092]

The drain connection terminal DTM is formed of a

single transparent conductive layer g2 and is

- connected to the video signal lines DL at portions

where the gate insuléting film GI is removed. The
semiconductor layer AS fo;med over the end of the gate
insulating film GI is to etch'the edge of the gate

insulating film GI 'in a tapefed shape. The

~passivation layer PSV1 is of course removed from the

terminal DTM for connection with the external
circuits.

{0093]

The leadout wife from the matrix portion to the
drain terminal portion DTM has its layers dlf d2-which
are at the same level of the video signal lines DL-
extendihg to an intermediate portion of the
passivation layer PSV1 and connected with the
transparent conductive layer g2 inside the paséivation

layer PSV1. This arrangement is intended té protect

n lin
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the aluminum layer d2, vulnerable to galwvanic
corrosion,.with the passivation layer PSV1 and the
seal pattern SL.

[0094]
<<Counter Electrode Terminal CTM>>

Figure 9 shows the connection structﬁre from the
counter voltage line CL to its external connection
terminal CTM. Figure 9(A) is a plan view and Figure
9(B) is a cross section taken along the line B-B of
(A). The figure corresponds to the upper left area of
Figure 5.

[0095]

The counter voltage lines CL are grouped with the
common bus line CB and led out to the counter
electrode terminal CIM. The common bus line CB
cdmprises a conductive layer gl, and other conductive
layers dl, d2 stacked on the first layer gl. This
arrangement is_desigﬁed to reduce the resistance of
the cbmmon bus ‘line CB and thereby supply a sufficient
counter voltage frém the éxte:nal circuit toieach
counter voltage liné CL. This structure is
characterized by the ability to reduce the resistance
of the common bus liné without imposind any additional
burden-on the conductive layer. 'The'conductive layer

gl of the common bus line CB is not subjected to
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anodic conversion, in order that it is electrically
connected to the conductive layers dl, d2. It is also
exposed from the gate insulating film GI.

[0096]

The counter electrode terminal CTM has the
transparent conductive layer g2 stacked over the
conductive layer gl. The conductive layer gl is
covered with the transparent conductive layer g2,
which has good corrosion resistance, to protect the
surface of the conductive layér gl against galvanic
corrosion.

[0097]
<<Equivalent Circuit of Whole Display Device>>

An equivalent circuit of the.display matrix
portion and its peripheral circuit are shown in Figure
10. The figure, though it is a circuit diagram, is
dréwn in compiiance-with actual geometric arrandement.
AR represents a matrix array in which a plufality of
pixels are arranged in two dimensional array.

[0098]

In the figure, X represents the video signal
lines DL, with subscripts G, B and R representing
green, blué and red pixels. Y means scanning signal
lines GL, with subscripts 1, 2, 3, ;.., end indicating

the order of scan timing.
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[0099]

The scanning signal lines Y (the subscripts are
dmitted) are connected to a scanning circuit V and the
video signal lines X (the subscripts are omitted) are
connected to a video signal driving circuit H.

[0100]

A circuit SUP includes a power éupply circuit for
pfoducing step-down power supply voltages from one
power source and a circuit for.converting information
for CRT froﬁ a host computer (higher order computer)
into information for a TFT liquid crystal display.

[0101]
<<Driving Method>>

Figure 11 shéws drive signal waveforms for the
liquid crystal displéy device of this invention. The
counter voltage 'is transformed into alternating
rectangular.waves having binary values, Vch and Vcl,
and in synchronism with the alternating waves a
nonselection voltage for the scanning signals Vg (i-
1), Vg(i) is changed befween two values, Vhlh and
Vgll, in each-scanning period. The amplitude of the
counter voltage and the amplitude of the nonselection
voltage are set equal. The video signal voltage is
obtained by sﬁbtrating half the counter wvoltage from

the voltage to be applied to the liquid crystal layer.
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[0102]

The counter voltage may be a DC voltage but
transforming it into the AC voltage makes it possible
to reduce the maximum amplitude of the video signal
voltage, allowing the use of a video signal driving
circuit (signal side driver) with a lower dielectric
strength. |

(0103]
<<Function of Storage Capacitor Cstg>>

The storage capacitor Cstg is provided for
holding the video infcrmation written in a pixel for a
long period (after the thin-film transistor TFT is
turned off). 1In the'SYStem of this invention where an
electric field is applied in a direction parallel to
the substrate surface, unlike the system where the
electric field is applied perpendicularly to the
substrate surface, because there is almost no
capacitance (generally called a liquid capacitance)
produced by'the_pixel electrode and the counter
electrode, the storage capacitor Cstg cannotihold.the
video information in the pixel.._Thus, in the system

where the electric field is applied parallel to the

' substrate_surface,'the storage capacitor Cstg is an -

essential constitutional element.

[0104]
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The storage capacitor Cstg, when the thin-film

transistor TFT is switched, also works to reduce the

- effect of the gate potential change AVg on the pixel

electrode potential Vs. This is expressed by the
following equation.

[0105]

AVs = {Cgs/(Cgs + Cstg + Cpix)} x Avg
Here, Cgs is a parasitic capacitance produced between
the gate electrode GT and the source electrode SD1 of
the thin-film transistor TFT, Cpix is a capacitance
produced between the pixel electrode PX -and the
counter electrode CT, and AVs is a voltage generally
called a feed-through voltage, a change in the pixel
electrode potential caused by AVg. This change AVs
is a cause of a DC component applied to the liquid
crystal LC and can be reduced by increasing the
storage capacitor Cstg. Reduced DC componenté applied
to the liquid crystal LC improve the service life'of
the liquid crystal 1LC, mitigéting so—-called image
persisteﬁce} a phenomenon in which a previous image
remains when the liquid crystal screen is switched to
another image.

[0106]

As described abéve, since the gate electrode GT

is so formed large as to cover the entire i-type

This Sheet Has Been Re; ﬁ ced

R |




10

15

- 20

25

semiconductor layer AS, the overlapping area with the
source electrode SD1 and the drain electrode SD2
correspondingly increase, which in turn increases the
parasitic capacitance Cgs, making the pixel electrode
potential Vs more susceptible to the influences of the
gafe (scanning) signal Vg. The provisiﬁn of the
storage capacitdf Cstg, however, can eliminate this’
demerit.

[0107]

The method of driving is not limited to the above
and other active matrix driving methods may be
employed. These methods all fall in the scope of this
invention.-

[0108]
<<Display Panel PNL and Driving Circuit Substrate
PCB1>>

Figure 12 is a plan view showing the display panel
PNL of Figure 5 connected with the video signal
driving circuit H and the scanning circuit V.

[0109] _ .

CHI represents drive IC chips to drive the displa?
panel PNL (five shown at the bottom are drive IC chips
on the scanning circuit sidé; ten shown to the left
are drive chips on the video signal dri%ing circuit

side). TCP denotes tape carrier packages mounted with.
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the drive IC chips CHI by the tape automated bonding
(TAB) as described later referring to Figure 13 and
14. A printed circuit board PCBl is mounted with the
TCPs and capacitors and is divided in two, one for the
video signal driving circuit and the other for the_
scan signal driving circuit. FGP denotes a frame
ground pad to which are soldered springlike pieces
formed by cutting a shield case SHD. A flat cable FC
elect;ically connects the lower-side printed circuit.
board PCBl and the left printed circuit board PCB1.
The flat cable FC may, as shown, be formed by
sandWiching a plurality of lead wires (of phosphor
bronze plated with Sn) between a striped polyethylene
layer and a polyvinyllalcohol layer.

[00110]
<<Connection Structure of TCP>>

Figure 13 shows a cross-sectional structure of

the tape carrier package TCP where the IC chips CHI

‘comprising the scan signal driving circuit V and the

video signal driving circuit H is mounted on the
flexible printed circuit boards. Figure 14 is a cross

section showing an essential part of the liquid

" crystal display panel connected to the scan signal

terminal GTM.
(0111}

—_—___—______n_______
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In the figure, TTB denotes an input
terminal/wiring portion of the IC circuit CHI. TTM
represents'an output terminal/wiring portion of the IC

circuit CHI. These are made, for instance, of Cu and

- their inner ends {(generally called inner leads) are

connected with bonding pads PAD of the IC circuit CHI
by the facedown bonding. The outer ends (generally
called outer leads) of the terminals TTB, TTM
correspond to the input and output, respectively, of
the.semiconductor IC circuit chip CHI and are
connected to the CRT/TFT conversion circuit/power
supply circuit SUP by soldering and'to the liquid
crystal display panel PNL through thédanisotropic

conductive film ACF. The package TCP is connected to

the panel so that the package end covers the edge of

the passivation layer PSV1 that exposes the connection

terminal GIM on the panel PNL side. Hence, the outer

‘ connection'termipal GTM (DTM) is covered with at least

one of the passivation layer PSV1 and the package TCP,
éo that its‘résistance against galvanic corrgsion is
enhanced.

{0112]

BFl denotes a base film made, for example, of
polyimide. SRS is a solder resist film as a mask to

prevent solder from flowing to unwanted areas during

[ ————
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the soldering process. The gap between the upper and
lower glass substrates on the outer side of the seal
pattern SL is, after cleaning, protected with epoxy
resin EPX of the like. Furthermore, silicone resin
SIL is placed between the package TCP and the upper
substrate SUB2 for double protection.

[0113]
<<Printed Circuit Board PCB2>>

The printed circuit board PCB2 is mounted with
electronic parts such as ICs, capacitors and
resistors. The printed circuit board PCB2 is mounted
with a circuit SUP that includes a power supply
circuit for producing step-down supply voltages from a
single power source and a circuit for converting CRT
information from a host computer (higher order
computer) into TFT liquid crystal display device
informatiqn. CJ represents a connector portion for a
connector (not shown) that is connected with an |
external circuit. |

[0114] _ )

The printed c1rcu1t board PCB1 and the printed
circuit board PCB2 are electrically connected with a
flat cable FC. |

[0115]

<<Overall Configuration of the Liquid Crystal Display
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Module>>

Figure 15 is an exploded perspective view of
constitutional parts of a liquid crystal display
module MDL.

[001l6]

SHD represents a fraﬁelike shield case (metal
frame) made of a metal plate; LCW a window for the
'liquid crystal display; PNL a liquid crystal display
panel; SPB a diffuser; LCB a light conductor} RM a
reflector; BL a.backlight fluorescent tube; and LCA a
backlight case. These are stacked together in a
vertical reiationship shown in the figure to form a
module MDL.

t0117]

The module MDL is secured together with claws and
hooks provided to the -shield case SHD.

[0118] |

The backlight case LCA is so shaped as to

"accommodate the backlight fluorescent tube BL,

diffuser SPB, light conductor LCB and reflecpor RM.
The light from the backlight fluorescent tube BL
arranged at the side of the light conductor LCB is
diffused by the light conductor LCB, reflector RM and
diffuser SPB to produce uniform light at the display

surface and directed to the.liquid crystal display
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panel PNL.

{0119]

The backlight fluorescent tube BL is connected
with an inverter circuit board PCB3 which is a power
source of the backlight.

| [0120]
<<Characteristic of Liquid Crystal Display Device of
Embodiment 1>> |

Figure 17 and 18 show the principle of driving
the liquid crystal of'Embpdiment 1.

[0121]

The working principle will be explained for a
case where the dielectric anisotropy Ae of the liquid
crystal is positive, a

[0122] ‘

When no voltage is applied, the ;iquid crystal
molecules in the liquid crystal layer are in the
initial state where they are twisted 90 degrees
clockwise from the upper substrate SUB2 to the lower
substrate SUBI, as.shown'in_Figure 17(a).. When the
voltage is applied, the part of the twisted liquid
crystai molecules in the difection of thickness of the
liquid crystal layer decreases as shown in Figure
17(b), only molecules in the region close to the

interfaces with the upper remain twisted and lower
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substrates and a major part of the liquid crystal
molecules is oriented homogeneously in the voltage
application direction.

(0123]

When the voltage is not applied in the
configuration of the liquid crystal layer and the
arfangement of polarizing axis of polarizer of Figure
lé, a high traﬁsmittance state (white display) can be
obtained by the birefringence effect of the liquid
crystal. Further, during voltage application because
the homogeneously oriented liquid crystal molecules
are aligned with the polarizing axis of one polarizer,
the birefringence does not occur at that portion,
causing the.virtual reta:dation of the liquid crystal
iayer to come cloée to zéro, and producing no
birefringencé effect.

[0124]

When the voltage is applied, however, the liquid
crystal layers near the inteffaces actually remain
twisted, so that retardation does not become zero. In
this embodiment, the thickness of the liquid crystal -
layer of the twisted molecules can be reduced |
infinitely, making it ﬁossible to assume that almost
all molecules can be'homogeneously oriented. Because
the polarizers are cross-Nicols-arranged

-
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(perpendicularly to each other), light cannot pass
through, producing a black display if there is no:
birefringence.

[0125]

Based on this operating principle, the following
diéplay characteristics are obtained.

[0126]

With the configuration of Embodiment 1 the
normally open-type electro-optical characteristic is
obtained that enables white display when no voltage is
applied. The transmittance at the time of white
display was 4.5%. Further, the contrast ratio of 3
was obtained at the time of black display by applying
a drive Voltage of 12 V.

[0127]

Figure 19 shows an applied voltage-transmittance
characteristic of Embodiment 1.

[0128]

In.Eﬁbodiment'l, increasing the drive voltage
causes the transmittance to decrease, thus igproving

the contrast :atio. Because of the limitation 6n the

- withstand voltage of the drive circuit, however,in

this embodiment, the maximum drive voltage is 12 V.

‘It should be noted that the present invention also

includes cases where higher or lower maximum drive

R
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voltages are used for the driving;

[0129]

The response speed of the liquid crystal display
device of Embodiment 1 was 22 ms, of which 8 ms was a
rise time and 14 ms a fall time.

[0130]

Figure.20 to 22 show the rise time Tr, the fall
time and the response speed.

[0131]

The response speed of Embodiment 1 is shorter
than 30 ms, enabling display of a dynamic image, and
this means that a dynamic image can be displayed in

good condition without any trailing. Figure 20 to 22

- show, for COmparison,'the response speed, of the first

case (conventional configuration 1)} ‘and the second
case (conventional cbnfiguration 2) described above.
[0132]
The response speed of this invention is about 1/2
to 1/4 that of the,cpnvehtional configurations,
realizing a significant improvement. The conventional

configuration 2 had a liquid crystal layer thigkness

~of 4.0 pm when its response speed was measured.

Although the conventional configuration 2 has a
normally closed (normally black) characteristic that

enables white display when applied with a voltage, the
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liquid crystal layer thickness was 4.0 pum in order to
make the transmittance of the same liquid crystal
material for a white display equal to that of the
conventional configuration 1 and the Embodiment 1.

The conventional configuration 1 and Embodiment 1 were
set at 5.0 pm in the liquid crystal layer thickness.

[0133]

What should be particularly noted is that, with
the conventional'configuration 1 and 2, the response
speed varies greatly with the voltage applied to the
liquid crystal and that as the liquid crystal applied
voltage is reduced, the response speed decreases
remarkably. With the configuration of this invention,
on the other hand, it is seen that the response speed
exhibits almost no dépendence on the liquid crystal
applied voltage and remains nearly constant.
| [0134]

From this characterlstlc, it is found that this
invention produces no trailing image, a drawback that
occurs particularly when a dynamic image is displayed
in a half-tone mode.

{0135]

The viewing angle chéracteristic of this
invention was more than 140 degrees in the vertical

and horizontal directions, which compares favorably
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with those of the conventional configuration 1 and 2.
Further, the color tone variation and the gradation
inversion recognized when viewed at a particular
angle, which are the probrems of the conventional
configuration 2, were mitigated.

[0136]

The coler tone variation is a phenomenon that,
assuming the direction of an in-plane component of the
lateral electric field to be 0 degree, the region
along the_direction of about 45 degrees and 225
degrees, for example, changes its color from white to
yellow (or blue) and the area along the direction of
about -45 degrees and 135 degrees changes to blue (or
yellow). The gradation inversion is a phenomenon
that, when viewed at an oblige angle, white changes to
yellow or blue. These phenomena occur because when
white is displayed, a change in retardation due to
inclination of the viewing éngle causes the liquid

crystal layer near the upper substrate and the liquid

‘crystal layer near'the'lowef substrate to compensate

for each other.

[0137]

As can be seen from above, this invention
provides the response speed of less than 30 ms, the

minimum requirement for displaying a dynamic image.
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An additional advantage is a further improvément of
the viewing angle, compared to the conventional
configuration. Because a material with greater
refractive index anisotropy An than that of the
conventional configuration 2 can be used, a wider
range of materials becomes évailable. Further,
because the thicknesé of the liquid crystal layer can
be set larger, the gap between the substrates is more

easily made uniform, improving the uniform

" distribution of brightness. The thicker liquid

crystal layer contributes to a shorter liquid crystal
injection time.

[0138]

The cross—-sectional structure of the thin-film
transistor TFT and the electrode arrangement shown in
Embodiment 1 are justfone example and it is possible
to use another TFT structure and electrode arrangement

(including one in which the counter electrodées are

"placed on the color filter substrate) in this

invention.
| [0139] |
(Embodiment 2 to Embodiment 5)
Embodiment 2 to Embodiment 5 are examples
configuration with normally open dispiay

characteristics and optical compensation cells. They
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are similar in configuration to Embodiment 1 except
for the following.

[0140]

A cross-sectional structure of Embodiment 2 to
Embodiment 5 is shown in Figure 23.

[0141]

The structure includes drive liquid crystal cells
having drive electrodes CT, PX and thin-film
transistors TFT, and optical compensation liquid
crystal cells with no electrodes. |

[0142]

Embodiment 2 has a -configuration such that only
the optical compensation liquid crystal cells added to
Embodiment 1.

[0143]

Embodiment 3 has a configuration similar to that
of Embodiment 2 with an increased refractive index
anisotropy An of the liquid crystal material of the
drive liquid_érystal cells.

[0144] | ‘

Embodiment 4 has a cénfiguration similar to that
of Embodiment 2 with the polarizing axis of the
polarizer optimized.

[0145]

Embodiment 5 has a configuration in which the
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initial twist angle O of the driﬁe liquid crystal
cells is optimized.

[0146]
§<Drivg Liquid Crystal Cell>>

The initial twist angle 0, initiai orientation

angles P1, P2, thickness of the liquid crystal layer,

| dielectric anisotropy A€ of the liquid crystal

material, and refractivé index anisotropy An, all of
Embodiment 2 to Embodiment.s, are shown in Table 1.
[0147]
<<Optical compensation Liquid Crystal Cell>>
The optical compensation liquid cfystal cells
comprise, as shown in Figure 23, a lower substraﬁe
SUB3, an upper substrate SUB4, a liquid crystal

composition CLC held between these substrates, an

-orientation film ORI3 on the lower substrate SUB3

side, and an orientation film ORI4 on the upper

substrate SUB4 side.

[0148]
<<Optical compeﬁsation Liquid Crystal Layer>?

Figure 24 shows the rubbing direction of the
drive liquid crystal cells, the initial orientation
angle and the polarizing axis of polarizer, and the
rubbing direction of the optical compensation liquid
crystal layer (orientation direction near the

[ —
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[0149]

The orientation film ORI3 is rubbed in the RDR3
direction, and the orientation film ORI4 is rubbed in
the RDR4 direction. f3 is the initial orientation
angle between the rubbing direction RDR3 and the
applied electric field direction EDR of the drive
liquid crystal cell, and (34 is the initial orientation
angle between the rubbing direction RDR4 and the
applied electric field direction EDR of the drive
liquid crystai cell.

[0150] |

Let the product of An of the liquid crystal
layer of the optical compensatidﬁ liquid crystal éell
and the thickﬁess d of the liquid crystal layer be
referred to as retardation (An-d)'. The twist angie
02 is a twist angle of the optical compensation liquid
crystal layer.

{0151]

The ietardation (AJl'd)' of the optical,
compensation liquid cfyStal layer, the twist angle 02,
and the initial orientation angles B3, P4 are shown
in Table 1.

. {0152]

Here, the relationship among f1, B2, B3 and B4
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is |B3-B4|=|P1-B2|, and P3 crosses P2 nearly

perpendicularly.

[0153]

For the optical compensation liquid crystal cells
of this invention films holding cholesteric liquid
crystal therebetween which have an optical
characteristic identical to that of the optidal
compensation cells of Embodiment 2 to 5 may be used.

[0154]
<<Polarizer>>

The afrangement of the polarizing axis of the
polarizer used in Embodiment 2 to 5 is shown in Table
1.

[0155] _

The direction of the polariéing axis of the
polarizer POL1l on the backlight input side 1is denoted
by PDR and the direction of the polarizing axis of the
polarizer POL2 on the output side is denoted by ADR.

[0156]
<<Characteristics of Embodiment 2 to Embodimpnt 5>>

The principle of driving the liquid crystal in
Embodiment 2 to 5 is shown in Figure 25. |

[0157]

To achieve a higher contrast ratio with a lower

voltage than in Embodiment 1, the liquid crystal
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molecules are oriented in a state shown in Figure

25 (b) by applying a voltage to enabie black display.
That is, the liquid crystal cells of Embodiment 2 to 5
have their liquid crystal molecules near the interface
strongly twisted and the liquid crystal molecules in
the central portion weakly twisted. The phrase
"weakly twisted” means a state that the ratio, twist
anglé/layer thickness, is small and the phrase
"strongly twisted" means -a state that the ratio twist
angle/layer thickness, is large. Thus, by arranging
the optical compensation .liquid crystal layer and
polarizers in such a way as to compensate for this
orientation, it is possible to realize a high contrast
rétio with a lbw voltage.

[0158]

The following characteristics of the liquid
crystal display deviée with this configuration are
obtained.

[0159] _

In Embodiment 2 to S, the response speed
characteristic obtained is equivalent to that of
Embodiment 1. | |

[0160]

The relation between the drive voltage Vlc and

the transmittance T is shown in Figure 26.

e
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[01l61]

It is seen that the contrast ratio, the drive
voltage and the maximum transmittance are improved
progressively foughly in order of the embodiment
numbers. In Embodiment 5 in particular, the contrast
ratio of 100 or higher and the maximum transmittance
(absolute transmittance.of the panel during a white
display) of 4.1% are ébtained for the drivelvoltage of
Ty . o .

(0162)

Figure 27 shows the relation between the
retardation of drive cell, the contrast ratio, and the
maximum transmittance.

[0163]

" Figure 27 shows that the optimum retardation
needs to be 750 nm or higher to produce a sufficient
tfansmittance, preferably 1250 nm or higher th;£
produces a sufficient contrast ratio.

[0164]

Figure 28 shows the relation'between-tne_cbntrast
ratios of the liquid crystal display device of
Embodiment 2 to 5 and the polarizer arrangement ¢=|¢l-
$21.

[0165]

It is seen from Figure 28 that, to produce a
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sufficient contrast ratio, the optimal relation ¢=|¢dl-
$2| of the polarizing axis of the polarizer needs to
be 90 degrees to 120 degrees, preferably 95 degrees to
115 degrees. Figure 29 shows the relation between the
initial twist angle of the drive liquid crystal cells,
the contrast ratio and the maximum transmittance.

Here the twist angle of the optical compensation cell
is set to 02=0.

[0166]

It is found from'Figure 29 that the initial twist
angle is preferably set in a range between 90 degrees
and 115 degrees to realize a sufficient contrast ratio
and the maximum transmittance at the same time. The
retardation (Anu-d)' of the optical compensation
liquid crystal layer is preferably set in a fange
between 0.4+ (An-d) and 0.6 (An-d), and setting the
retérdation at arot;lnd' (Anf d)'=0.52 ¢« (An-+d) in
pérticular‘assures optimization.

[0167] |
(Embodiment 6 to Embodiment 8)

The configurations of Embodiment 6 td 8 are
examples of normally closed configuration with the
optical compensation cells and similar to those of
Embodiment 2 to 5, eXcept for the following. -

[0168] |

This Sheet Has Been Relp

o L i




10

15

20

25

The cross-sectional structures of Embodiment 6 to
8 are similar to those of Embodiment 2 to 5 and shown
in Figure 23.

[0169]

Embodiment 6 to 8 have drive liquid crystal cells
with drive electrodes CT, PX and thin-film transistors
TFT, and optical compensation liquid crystal cells
without electrodes.

[0170] | :

Embodiment 6, unlike Embodiment-z, matches the
retardation (An-d)' of_the optical compensation

liquid crystal cell with the retardation (An-+d) of

the drive cell.

[0171]

Embodiment 7 has.a configuration in which the
refractive index anisotropy An of the liquid crystal
material of the drive liquid Crystai cell is set large
and the retardation (An-d)' of the optical
compensation liquid crystal cell is matched with the

retardation (An-+*d) of the drive cell.
[0172]

Embodiment 8 has a configuration in which the

.initial twist angle 6 of Embodiment 7 is changed.

{0173]

<<Drive Liquid Crystal Cell>>
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The initial twist angle O, initial orientation
angles B1, f2, thickness of the liquid crystal layer,
and Ae and An of the liquid crystal material, all
used.in Embodiment 6 to 8, are shown in Table 2.

[0174] |
<<Optical compensation Liquid Crystal Cell>>

The retardation (An-+d)’, twist angle 02, and the

initial orientation angles B3, P4 of the optical
compensation liquid crystal layer used in Embodiment 6
to 8 are shown in Table 2. Definitions of these
parameters are the same as those of Embodiment 2 to 5.

[0175)

The relation among ﬁl,.ﬁZ; B3 and PB4 is [B3-P41
%|p1-P2], with B3 crossing P2 virtually at right
angleé.

[0i76]

The optical compensation liquid crystal cells may

.uée films holding cholesteric liquid crystal

therebetween which have an optical characteristic

. identical to that of the optical compensation cells of.

the previous embodiments. .
[0177]
<<Polarizer>>
.The arrangement of the polarizing axis of the

polarizer used in Embodiment 6 to 8 is shown in Table
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[0178]
<<Characteristics of Embodiment 6 to Embodiment 8>>

The principle of liquid crystal driving is
similar to that of Embodiment 2 to 5 and is shown in
Figure 25. Unlike Embodiment 2 to 5, Embodiment 6 to
8 also have the rétardation (An-+d)' of the optical
compensation liquid crystal cell matched with the
retardation (An-+d) of the drive liquid crystal cell.
Hence, a normally closed characteristic that the

transmittance increases with the voltage applied to

"the liquid crystal is obtained.

[(0179]

Figure 30 shows the relation between the drive

. voltage Vlic and the transmittance T Embodiment 6 to 8.

[0180]

Embodiment 6 to 8.enables a black display (low
transmission state) when no voltage is applied. When
no voltage is applied, the liquid crystal molecules
are oriented in an ideally twisted state making the
optical compensation by the optical compensation cell
easy. Hence, an ideal black level, i.e., the
transmittance infinitely close to zero, can be
achieved. It is therefore possible to widen the

margin for variations in the manufacturing process,
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particularly the variations of the gap between

substrates, allowing the stable manufacture of high-

contrast products.

[0181]

Embodiment 7 enabled a contrast ratio of 100 or

higher and a maximum transmittance (absolute

transmittance of the panel during white display) of

4.5% for a drive voltage of 7 V. The response speed

characteristics in Embodiment 6 and 7 are comparable

to those of Embodiment 1.
[0182]

As to the relation among the retardation,

contrast ratio and maximum transmittance of .the drive

cells, comparison between Embodiment 6 and Embodiment

7 shows that the maximum transmittance 1s 1mproved in

mbodlment 7 over Embodlment 6. Therefore, it is
desired that the optimum retardation be set higher
than 750 nm as in Embodiment 2 to 5.

[0183]

The polarizer arréngement o=101-¢2| is
preferably set close to 90 degrees.

{0184]

Further, as in Embodiment 8, by increasing the
initial twist angle. to . more than 90 degrees it is

possible to change a liquid crystal applied voltage
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which the transmittance starts to increase, i.e., a
threshold voltage. Hence, the voltage amplitude
Contributing to the display and ranging from the
threshold voltage to a voltage for the maximum
transmittance can be reduced. This in turn reduces
the signal output range of the video signal driving
circuit. In other words, the video signal driving
circuit, particularly the signal driver, can be
reduqed in ci:cuit'size.- In Embodiment 8, the
response speed is slightly slower, that is, the rise
time is 12 ms, the fall time is 20 ms and the response
time of 32 ms. The initial twist angle therefore
contributes to changing the drive voltage that brings
about the maximum transmittahce, and it is preferably
set in a range from 76 degrees to 160 degrees.

[0185]

(Embodiment 9 to-Embodiment 13)

Embodiment 9 to 13 Have a normally oben
configuratioh with a uniaxial phase film and is
similar to the configuration of Embodiment 1, except
for the following.

[0186]

A cross—éectiénal structure of Embodiment 9 to 13
is shown in Figure 31. In these embodiments, uniaxial

phase films FIIM1 and FILM2 are arranged on the outer
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sides of the substrates SUBl, SUB2 so as to hold them
therebetween.

[(0187]

Embodiment 9 has the configuration such that the
uniaxial phase film FILM1 and FILM2 is added to
Embodiment 1.

[0188]

Embodiment 10 has the configuration such that the
lagging axis of the phase film of Embodiment 9 is
changed. -

| [0189]

Embodiment 11 has the configuration such that the.
retardation of the phase films of Embodiment 10 is
differentiated between the upper.and_lower films.

[0190] |

Embodiment 12 has the configuration such that the
refractive index anisotropy An of the liquid crystal
material of Embodiment 11 is increased.

[0191] | |

Embodiment 13 has a structure where the initial
twist angle ef Embodiment 12 is changed.

[0192]
<<Uniaxial Phase film>>

The lagging axes y1l, Y2 of the uniaxial phase

films and the retardetions (An+d)1l, (An-+d)2 used in
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Embodiment 9 to 13 ére shown in Table 3. ¥y1
represents an angle between the lagging axis LDR1l of
the lower phase film FILM1 and the direction of
electric field EDR and Y2 represents an angle between
the lagging axis LDR2 of the upper phase film FILM2
and the direction of electric field EDR. Both of
these angles are defined as positive for a
counterclockwise rotation with respect to the
direction of electric field EDR.

[0193]

(AJl-d)i represents the retardation of the lower

. phase film and (An-d)2 represents the retardation of

the upper phase film. Figure 32 shows their angular
relation. |

[0194]
<<Liquid Crystal Layer>>

The retardation An-+d of the optical compensation
liquid crystal layer, the initial twist angle 6, and
the initial orientation angles f1, P2 used in
Embodiment 9 to 13 are shown in Table 3. Figure 32
shows their angular relation.

[0195]
<<Polarizer>>

The polarizing axes of the polarizers used in

Embodiment 9 to 13 are shown in Table 3. Figure 32
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shows their angulaf relation.

[0196]
<<Characteristics of Embodiment 9 to Embodiment 13>>

The principle of driving the liquid crystal used
in Embodiment 9 to 13 is identical with that of
Embodiment 2 to 5.

[(0197]

To realize a higher contrast ratio with a lower
voltage than. those of Embodiment 1, Embodiment 9 to 13
orientate the liquid:crystal in a state shown in
Figure 25(b), enabling black display.

[0198] |

At a low voltage, the liquid-crystal cells in
Embodiment 9 to 13 assume a transitional state that
the liquid crystal molecules near the interface are
strongly twisted-while those in the central portion
are weakly twisted. Thué, by arranging the éhase
films and the polarizers in such a way as to
compensate for this orientation state, it is poséible
to achive a high contrést ratio with a low voltage.

[0199]

Embodiment 9 to 13 have response speed
characteristics comparable to those of Embodiment 1.

[0200]

Figure 33 shows the relation between the drive
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voltage Vlic and the transmittance T. It is seen that
the contrast ratio and the maximum transmittanée are
improved progressively roughly in order of the
embodiment number. In Embodiment 13 in particular,
the contrast ratio of 100 or higher and tﬁe maximum
transmittance (the absolute transmittance of the panel
during white display) of 4.4% are obtained for the
drive voltage of 7 V. |

(0201]

As shown in Figure 33, there is no characteristic
change between Embodiment 9 and Embodiment 10. This
suggesté that the lagging axis angles Y1, Y2 of phase
plates and the retardations (An-d)l, (An-d)2 of the

phase plate do not change their characteristics if YI

* (An-d)1 and Y2+ (An-d)2 are constant even when
their values are changed.

[0202]

The relations, explained in conjunction with
Embodiment 2 to SL the relation between the
retardation bf the drive cells, contrast rat}o and
maximum transmittancé shown in Figure 27, the relétibn

between the polarizing axes of polarizers ¢, contrast

ratio and maximum transmittance shown in Figure 28,
and the relation between the initial twist angle of

the drive cells, contrast ratio and maximum
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transmittance shown in Figure 29, are also obtained in
Embodiment 9 to 13. It is noted, however, that the
relation (An+d) between the retardation of the drive
cells and the retardations (An-+d)l, (An-+d)2 of phase
shifters is so set that the relation (An-d)l + (An-
d)2 = 0.52+ (An-d) is met when yl = -22.5 degrees and
Y2 = 22.5 degrees.

(02031

Thus, the optimum retardation needs to be set
higher than 750 nm for a sufficient transmittance,
preferably more than 1250 nm to obtain a sufficient
contrast ratio. '

[0204]

To obtain a sufficient contrast ratio, the
relation ¢=|¢1-¢2] of optimum polariziﬁg axes of the
polarizers needs to be set in a range of between 90
degrees and 120 degrees, preferably between 95 degrees
and 115 degrees. |

[0205] |

Further, the.initial twist éngle should
preferably be set in a range between 90 degrees and
115 degrees to achive a satisfactory contrast ratio
and a white display transmittance at the same time.

[0206]

The retardations of the phase films (Anw-d)i +
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(An + d)2 should preferably be set in the range from
0.4+ (An-d) to 0.6+ (An-d) to exhibit the
characteristics shown in Figure 27 to 29. Setting
them close to (An-+d)l + (An+*d)2 = 0.52 (An - d)
results in characteristic optimization.

[0207]

As shown in Embodiment 10 to 12, better
optimizatioﬁ is achieved by setting (An-+d)2 > (An-

d)1 or setting |y2| > |yl| for the lagging axis

angies. More specificaliy, when |y1l] ly2l, it is

desired that the retardation be set close to (An+d)2

= 1.5+ (An-+d)1. Therefore, the preferable setting is

(An-+d)1l < (An°*d)2 < 2+ (An-+d)1 or |yll < |y2] < 2-

lY1l.
[0208]

A cross-sectional structure, in which two phase

films FiLMl, FILM2 are arranged on the upper side

~only, is shown in Figure 35. Other arrangements can

also bring about characteristics similar to those of
these embodiments and they are within the scgpé of.
this invention.

[0209]
(Embodiment 14 to Embodiment 16)

Embodiment.l4 to 16 have a normally closed

configuration with uniaxial phase films which is
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similar to that of Embodiment. 9 to 13, except for the
following.

[0210]

The cross-sectional configuration of Embodiment
14 to 16 is shown in Figure 31 and is similar to that
of Embodiment 9 to 13.

(0211]

- As in Embodiment 9 to 13, the uniaxial phase
films FILM1, FILM2 are arranged on the outer sides of
the substrates SUBL, SUBZ so as to hold them
therebetween.

[0212]

Unlike Embodiment 9, Embodiment 14 has a
coﬁfiguration.that matches the sum of retardations
(An-d)1 + (An”d)z of the uniaxial phase films to
the retardation (Amlfd) of the drive cell.

[0213]

Embodiment 15 has a configuration_in which, under
the retardation cbndition of Embodimeﬁt 14; the
dielectric anisotropy An of the liquid crystal
material of the drive liquid crystal cells is
increased.

[0214]

Embodiment 16 is an example where the initial

twist angle 8 of Embodiment 15 is changed.
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[0215]
<<Uniaxial Phase Film>>

The lagging axes Y1, Y2 of the uniaxial phase
films and the retardations (An-d)l, (An-d)2, both
used in Embodiment 14 to 16, are shown in Table 4. 'yl
reﬁresents the angle between the lagging axis LDR1 of
the lower phase film FIIM1 and the direction of
electric field EDR, 72 represents the angle between
the lagging axis LDR2 of the upper phase film FILM2
and the direction of electric field EDR, (An-d)l is
the retardation of the lower phase film, and. (An-d)2
is the retardation of the upper phase.film. Figure 32
shows their angular relationship.

[0216]
<<Liquid Crystal Layer>>

The retardation An-d, initial twist angle 0 and

-initial orientation angles P1, 2 for the liquid

crystal layer of the drive cells used in Embodiment 14

to 16 are shown in Table 4. Figure 32 shows their

angular relationship.
[0217] |
<<Polarizer>>
'The polarizing axes of the polarizers used in
Embodiment 14 to 16 are shown in Table 4. Their

angular relation is shown in Figure 32.
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[o218]
<<Characteristics of Embodiment 14 to 16>>
The principle of driving the liquid crystal is
shown in Figure 25 and is similar to that used in
5 Embodiment 9 to 13. Unlike Embodiment 9 to 13,

Embodiment 14 to 16 matches the sum of the

retardations (An-+d)l1 + (An-+d})2 of the uniaxial phase
films to the retardation (Arl;d) of the drivé liquid
crystal cell so as to realize a normally closed

10 characteristic, in which the transmittance increases
with the voltage applied to the liquid crystal.

[0219]

Figure 34 shows the relation between the drive
voltage Vlic ahd the transmittance T for Embodiment 14
15 .to 1leé.

[0220]

Embodiment 14 to 16 enable a black display (low
'transmittance state).when no ﬁoltage is applied.

[0221]

- 20 ' When no volfage is applied; the liduid crystal
molecules-are oriented in an ideally twisted state
making the optical compensation by the uniaxial phase
films easy. Hence, an ideal black level, i.e., the

transmittance infinitely close to zero, can be

- 25 achieved. It is therefore possible to widen the
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margin for variations in the manufacturing process,
particularly the variatibn'of the gap between
substrates, allowing the stable manufacﬁure of high-
contrast products.

[0222]

Embodiment 15 and 16 enable a contrast ratio of
100 or higher and a maximum transmittance (absolute
transmittance of the panel during white display) of
4.5% for a drive voltage of 7 V. The response speed
characteristics in Embodiment 14 and 15 are comparable
to those of Embodiment 1. |

[0223]

As to the relation among the retérdation, the
contrast ratio and fhe maximum transmittance of the
drive cells, comparison between Embodiment 14 and
Embodiment 15_sths that the maximum transmitténcelis
improved in Embodiment 15 over Embodiment 14.
Therefore, it is desired that the optimum retardation
be set higher than 750 nm as in Embodiment 9 to 13.

[0224]

The polarizer arrangement ¢=[¢l-$p2| is

preferably set close to 90 degrees.

[0225]

Further, as in Embodiment 16, by increasing the

~initial twist angle to more than 90 degrees it is
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possible to change a liquid crystal applied voltage at
which the transmittance starts to increase, i.e., a
threshold voltage. Hence, the voltage amplitude
contributing to the display and ranging from the
threshold voltage to a voltage for the maximum
transmittance can be reduced. This in turn reduces
the signél output range of the video signal driving
circuit. In other words, the video signal driving
circuit, particularly the signal driver used in it,
can be reduced in c¢ircuit size.

. [0226]

The response speed has siightly deteriorated.
Embodiment 16 has a rise time of 12 ms, a fall time of
20 ms énd a response time of 32 ms. These suggest
that the initial twist angle contributes to changing

the drive voltage that leads to the maximum

transmittance, and it is preferably set in a range

between 70 degrees and 160 degrees.

[0227]

A cross-séctional structure, in which tyo phase
films FIIM1l, FILM2 are arranged on the upper side
only, is shown in Figure 35. Other arrangements can
also achive characteristics. similar to those of these
émbodiments and they are within the scope of this
invention.

-
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[0228]

(Embodiment 17 to Embodiment 20)

Embodiment 17 to 20 are examples of a
configuration using a liquid crystal material with a
negative dielectric anisotropy (Ae < 0). This
coﬁfiguration is similar to that of Embodiment 1
except for the followiné.

[0229]

Embodiment 17 has a configufafibn where a liquid
crystal material with a negétive dielectric anisotropy
(Ae < 0) is used in Embodiment 1.

[0230] '

Embodiment 18 has a configuration of Embodiment
17 with the polarizing axes of the polarizers
optimized.

[0231]

Embodiment 19 has a configuration of Embodiment
18 with the initial twist angle O optimized.

[0232]

Embodiment 20 has a gonfiguration of Empodiment
19 with the retardation Aned and the polarizing axes
of the polarizers optimizéd.

[0233]
<<Drive Liquid Crystal Cell>>

The initial twist'angle 8, initial orientation
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angles P1, P2, thickness of the liquid crystal layer
and An of the liquid crystal material used in
Embodiment 17 to 20 are shown in Table 5.

[0234]
<<Polarizer>>

The arrangements of the polarizing axes of the
polarizers used in Embodiment 17 to 20 are shown in
Table 5.

(0235]
<<Characteristics of Embodiment 17 to Embodiment 20>>

The principle of liquid crystal driving is shown

in Figure 36.

[0236]

In the liquid crystal with a negative dielectric
anisotfopy, the major axes of liquid crystal moleculés
are reoriented in a direction perpendicular to the
electric field application direction. Thus, with no
voltage applied, the molecules assume a state that
they are weakly twisted counterclockwise from the
substfate SUB2 to the substrate SUBl, as shown in
Figure 36(a). When a voltage is applied, the
molecules near the central part of the liquid crystal
layer change to a strongly clockwise-twisted state,
with the molecules in the upper and lower Iayers near

the interfaces twisted counterclockwise.

G “‘ﬁﬁiiﬁ M




[0237]

By optimizing the polarizer positions in the
weakly twisted state set up when no voltage.is
applied, a desirable black level. (low transmittance
state) can be obtained, and thus the display panel
exhibits a normally closed characteristic that the
transmittance increéses with the liquid crystal
application voltage.

[0238]

The relation between the drive voltage Vlic and
the transmittance T in embodiment 17 to 20 is shown in
~ Figure 37.

[0239]

In Embodiment 17 to 20, black display (low
transmittance state) is enabled when no voltage is
applied. When no voltage is applied, the liquid |
crystal molecules are oriented in an.ideally twisted
state making the optimization by the polarizer
arrangement easy. Hence, an ideal black level, i.e.,
the transmittance infinitely cloSé to zero, can be
realized. It is therefore possible to widen the
margin for variationé in the manufacturing process,
particularly the variation of the gap between |
substrates, allowing thé stable manufacture of high-

contrast products.
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[(0240]

Embodiment 20 has a cqntrast ratio of 100 or
higher and a maximum transmittance (an absolute
transmittance of the panel during white display) of
4.3% for a drive voltage of 8 V. The response speed
chéracteristics of Embodiment 19 and 20 are slightly
slower than those of Embodiment 1, that is the rise

time is 20 ms, the fall time is 16 ms and the response

‘time is 36 ms.

[0241]

As to the relation among the retardation,
contrast ratio and maximum transmittance of the drive
cells, comparison between Embodiment 14 and Embodiment
15 shows that. the maximum transmittance is improved in
Embodiment 20 over Embodiment 19, Therefore, it is
desired that the optimum retardétign be set higher
than 750 nm as in Embodiment 2 to 5.

[0242] | |

The polarizer arrangement ¢=|¢pl-$p2| is
preferably set close to 90 degrées.

[0243] |

In Embodiment 17 and 18, the response speed is
slightly slower, that is, the rise time is 40 ms, the
fall time is 20 ms and the response time is 60 ms.

Further, by increasing the initial twist angle, it is
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possible to make a significant improvement on the
response speed, particularly at the leading edge.
That is, the gfeater the initial twist angle is, the
faster the response speed is.

[0244]

Comparlson of Embodiment 18 and Embodlment 19
shows ‘that as the initial twist angle is increased,
the resulting contrast ratio after_optimizing the.
polarizer arrangement deteriorates.

[0245]

Thus, there is a trade-éff relationship between
the response speed and the contrast ratio. To achive
a good balance.between these characteristics, the
initial twist. angle is preferably set in a range
between 20 and_50 degfées. | |

[0246]

As to the arrangement of the polarizers,

comparison between Embodiment 17 and Embodiment 18
indicates that the contrast ratio and the maximum

. transmittance can be improved by optimizing the

polarizers from 90 degrees.

[0247]

In Embodiﬁent 17 to 20 it is also possible to
enhance the contrast ratio, lower the applied voltage

or produce a normally open characteristic by using the -
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optical compensation liquid cryStal layer and the
phase films, as in Embodiment 2 to 16. The methods
for achieving these objectives are also within the
scope of this invention.

[0248]
(Eﬁbodiment 21)

The configuration of Embodiment 21 is similar to
that of Embodiment 1 except for the_following.

[0249] |
<<Orientation Film>>

The initial orientation angle B1 between the
rubbing direction of the lower substrate RDR1 and the
direction of eleetric field EDR is set to -50 degrees

and the initial orientation angle B2 between the -

- rubbing direction of the upper substrate RDR2 and the

direction of electric field EDR is set to 40 degrees
so that the upper and lower substrates are twisted 90
degrees.

[0250]

When the liquid crystal drive electrodes (both
pixel electrode PX end eounter electrode CT) are
formed on the lower substrate, the electric field

parallel to the substrate surface (lateral electric

~field) is strong near the lower substrate and’

progressively weaker toward the upper substrate.

[
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Hence, the liquid crystal molecules near the lower
substrate are more easily rotatable than those close
to the upper substrate. The voltage required to
reorientate most of the liquid crystal molecules in
the liquid crystal layer in the direction of the
electric field EDR in Embodiment 21 can be lower than
that of Embodiment 1. Embodiment 1 requires a voltage
of abéut 12 V to enable black display while Embodiment
21 needs only about 10 V to realize the same black
level as Embodiment 1.

[0251]

While in this embodiment Pl and P2 are set at -
50 degrees and 40 degrees, respectively, they may be
set at 50 degrees and -40 degrees to produce the same
effect. The essential configuration of Embodiment 21

is that, when the liquid crystal drive electrodes are

‘arranged only on the lower substrate, the condition

IB1i>1PB2] needs_to.be met; and that when the liquid
crystal drive electrodeg are arranged only on the
upper substrate, the conditidn 1Bri<iPB2] needs to be
satisfied.

[0252]

The configuration_of Embodiment 21 is applicable
not only to Embodiment 1 but to Embodiment 2 to 20,

and these configurations are within the scope of this
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invention.

[0253]}

[Advantage of the Invention]

As described above, this invention provides an
active matrix type liquid crystal display device that
realizes as wide a viewing angle as a CRT and a
response speed fast enough to display a dynamic image.
[Brief Description of the Drawings]

[(Figure 1] An essential part plan view showing one
pixel and its peripheral area in the liéuid crystal

display portion of the active matrix type color liquid

~ crystal display device of this invention.

{(Figure 2] A cross section of the pixel taken along
the line 3-3 of Figure 1.

[Figure 3] A cross section of the thin-film
transistor TFT taken along the.line 4-4 of Figure 1.
[Figure 4] A cross section of the storage capacitor
Cstg taken along the line 5-5 of Figure 1.

[Figure 5] A plan view showing the configurétion of a
peripheral portion around the matrix in the display
panel. ‘
[Figure 6] A cross section showing the scanningl
signal terminal on the left side and the panel edge

portion with no external connection terminal on the

right side.
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[Figure 7] A plan view and a cross-sectional view
showing the connecting portion of the gate terminal
GTM and the gate line GL.

(Figure 8] A plan view and a cross-sectional view

showing the connecting portion of the drain terminal

and the video signal line DL.

[Figure 9] A plan view and a cross-sectional view
showing the connecting portion of the common electrode
terminal CTM, the common bus line CB and the common
voltage line CL.

[Figure 10] A circuit diagram showing the matrix area

~and its peripheral portion in. the active matrix type

color liquid crystal display device of this invention.
[Figure 11] A waveform diagram showing drive signals
of the active matrix type color liquid crystal display
device of this invention.

[Figure 12] A top plan view showing the liquid
crystal display pahel equipped with the peripheral
drive circuits.

[Figure 13] A crdss—sectional view of the tape

- carrier package TCP having the flexible printed

circuit board mounted with the IC chips CHI forming
the drive circuit.
[Figure 14] An éssential part cross section showing

the tape carrier péckage TCP connected to the scan
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signal terminal GTM of the liquid crystal display
panel PNL.
[Figure 15] An exploded perspective view of the

liquid crystal display module.

[Figure 16] A schematic diagram showing the relation

between the direction of applied electric field, the
rubbing direction, the initial orientation angle, and
the polarizing axes of the polarizers. _

[Figure 17] A schematic diagram showing the action of
the liquid crystal of Embodiment 1 as seen from a
direction perpendicular to the substrate sufface.
[Figure 18] A schematic diagram showing the action of
the iiquid crystal of Embodiment 1 as seen from a
cross-sectional direction.

IFigure 19) A graph showing the.reiation between the

liquid crystal applied voltage and the transmittance

in Embodiment 1.

[Figure 20] A graph showing the relation between the
_liquid crystal appliéd voltage and the rise time in
Embodiment 1. |

(Figure 21] A graph showing the relation between the
liquid crystal applied voltage and the fall time in
Embodiment 1. |

[Figure 22] A graph showing the relation between the

liquid crYstal applied voltage and the overall
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response time in Embodiment 1.

(Figure 23] A cross section of the pixel taken along
the line 3-3 of Figure 1 in Embodiment 2 to 8.
[Figure 24] A schematic diagram showing the relation
between the direction of applied electric fiéld, the
rubbing direction of the drive liquid crystal cells
and optical compensation liquid crystal cells, the
initial orientation angle, and the polarizing axés of
the polarizers in Embodiments 2 to 8.

[Figure 25] A schematic diagram showing the action of
the liquid crystal as seen from a direction of cross
section in Embodiment 2 to 8.

[Figure 26] A graph showing the relation between the
liquid crystal applied wvoltage and the transmittance
in Embodiment 2 to 5.

[Figure 27] A graph showing the relation between the
retardation, contrast ratio and white display
transmittance of the liquid crystal cells in
Embodiment 2 to S.

[Figure 28] AAlgraph showing the relation between the
polarizing axis arrangement of polarizers ana the
contrast ratio in Embodiment 2 to 5.

[Figure 29] A graph showing the relétion between the
initial twist angle, contrast ratio and white display

transmittance of the liquid crystal cells in

e
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Embodiment 2 to 5.

[Figure 30] A graph showing the relation between the
liquid crystal applied voltage and the transmittance
in Embodiment 6 to 8.

[Figure 31] A cross section of the pixel taken along
the line 3-3 of Figure 1 in Embodiment 9 to 13.
[Figure 321 A sghematic diagram showing the relation
between the direction of applied electric field, the
rubbing direction of liquid crystél_cells, the initial
orientation angle, the polarizing axes of pOlarizers;
and the lagging axis of phase shifter in.Embodiment 9
to 13. |

[Figure 33] A graph showing the relation between the
direction of applied éléctric field and the
transmittancé in Embodiment 9 to 13.

[Figure 34) A graph showing the relation between the

direction of applied-electric field and the

' trahsmittance in Embodiment 14 to 16.

[Figure'35] A cross section of the pixel taken along
the line 3-3 of Figure 1 in the arrangement where the
two phase plates afe both placed on the top.'

[Figure 36] A schematic diagram showing the action of
the liquid crystal as seen from a direction of the
cross section in Embodiment 17 to 20.

[Figure 37] A graph showing the relation between the

- 105 - This Sheet Has Been Reﬁll
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direction of applied electric field and the
transmittance in Embodiment 17 to 20.

[Description of Reference Numerals]

SUB...Transparent glas; substrate, GL...Scaning signal
line, DL...Video signal line, CL...Counter voltage
line, PX...Pixel electrode, CT...Counter electrode,
GI...Insulating film, GT...Gate electrode, AS...i-type
seniconductor layer, SD...Source electrode or drain
electrode, PSV...Passivation layer, BM...Light
shielding film, LC...Liquid crystal, TFT...Thin-film
transistor, g, d...Conductive film, Cstg...Storage
capacitor, AOF...Anodic oxidized film[ AO...Anodic
oxidized mésk, GTM...Gate terminal, DTM...Drain
terminal, CB...Common bus line, DTM...Common electrode
terminal, SHD...Shield case, PNL...Liquid crystal
display panel, SPB...Light diffuser, LCB...Light
conductor, BL...Backlight fluorescent tube,
LCA...Backlight case, RM...Reflector, Pl...Initial
orientation angle between the initial orientation
diréction of the drive cell on the orientation film
ORIl side and the in—pléne direction of lateéal
electric field EDR, f$2...Initial orientation angle
between the initial orientation direction of the drive
cell on the orientation film ORI2 side and the in-

plane direction of lateral electric field EDR,

- This Sheet Has Been Replaced
ﬂ ~ 106 -

L




10

15

B3...Initial orientation angle between the initial
orientation direction of the optical compensation cell
on the orientation film ORI3 side and the in-plane
direction of lateral electric field EDR, f4...Initial
orientation angle between the initial orientation
direction of the optical compensation cell on the
orientation film ORI4 side and the in-plane direction
of lateral electric field EDR, yl...Angle between the
lagging axis of the optical compensation phase film
FILM1 and the in-plane direction of lateral electric
field EDR, ¥2...Angle between the lagging axis of the
optical compensation phase film FIIM2 and the in-plane
direction of lateral electric field EDR, RDR...Rubbing
direction of the orientation film (Subscripts are

omitted).
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[Designation of Document] Abstract
[Abstract]

[Problem] To provide an active matrix type'
_liquid crystal display device in_which the image
display is controlled by an electric field parallel to'
the substrate surface, and which is capable of
realizing a wide viewing angle comparable to that of a
CRT and a response speed fast enough to display a
dynamic image. | .

' {Means for Solving-the Problem] A ;iquid crystal
display device which comprises a pair of insulating
substrate so disposed és to face each other; a pair of
orientation films formed over the insulating
substrates; a liquid crystal composition held between
the pair of Srientation films; and pixel electrodes
and counter electrodes to apply a iateral'eléctric
field almost parallel to surfaces of the substrétes;

wherein an initial orientation direction on one"

orientation film side and an initial orientation

direction on the other orientation film side are line-

symmetric with respect to the direction of the lateral

- electric field.

[Effect] The liquid crystal display device of
lateral electric field type has a fast response speed .

that allows display of a dynamic image.

[Selected figure] Figure 1

-108 - ' Sheet Has BeenIIlTilaced
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[Detailed Description of the Invention]
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[0001]

[(Technical Field to Which the Invention Belongs]

The present invention relétes to a ligquid crystal
display device and more particularly to an active
matrix type liquid crystal dispiay device using thin—
film transistors.

[0002]
[Prior Art]

Active matrix type liquid crystal display devices

using active devices represented by thin-film
transistors (TFTs) are beginning to find widé uses as
display terminals for office automation equipment
thanks to their features of small thickness and light
weight and high display quality, compared to that of
CRT. The display methods of the liquid crystal
display devicé can be classified largely into two
categories. In one method, a liquid crystal is held
between two substrates having transparent electrodes
and the liquid crystal is activated by a voltage
applied to the t:ansparent electrodes to modulate
light that has passed through the transparent

electrodes and entered the liquid crystal to display

an image. Most of the liquid crystal display products

éurrently in use adopt this method. In another
method, the liquid crystal is activated by an electric
field virtually parallel to a substrate surface
between two electrodes formed on the substrate to

modulate the light entering the liquid crystal from a
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gap between the two electrodes (hereinafter referred
to as a lateral field method). This has an advantage
of significantly wide viewing angle and is a
prospective teqhnique_in connection with the active
matrix type liquid crystal display device. The
featurgs of.the latter method are described mainly in
Published Japanese T:aﬁslation of PCT Patent
Application from another state No. 505247/1983,
Japanese Patent Publication No. 21907/1988 and
Japanese Patent Laid-Open No. 160878/1994. :

[0003]

[Problems to be solved by the Invention]

The active matrix type liquid crystal display
device describgd in the above patent application in
connection with the lateral field method (also called
an in-plane switching method), however, has a response
speed of about 100 ms at the fastest, far from the
requirement of less than 40~20 ms for the display of
dynamic images. This type of liquid crystal display
device has the drawback thatlwhen a dynamic image is
displayed, its residual image is produced making the.
dynamic image look like a comet with a tail.:

[0004]

An object of this invention is to ﬁrovide an

active matrix type liquid crystal display device which

This is the replac_em_e}t--s:ﬁeet
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" has a wide viewing angle, compared to that of a CRT

and a response fast enough to display a dynamic image.

[0005])

The known lateral field method has the following
two types of configuration.

[0006]

The response time is defined as the sum of a rise
time at voltage application and a fall time at voltage
turn-off and will be detailed in the following..

[0007] h

The first configuration has the liquid crystal
molecules in a liquid crystal layer initially
orientated in the same direction as the electric field
application direction on the interface of the liquid
crystal layer on the ubper substrate side and, on the
interface on fhe lower substrate side, ofientated
about 90 degrees from the electric field application
direction so that the liquid crystal moleéules are
twisted about 90 degrees when the voltage is turned
off.

[0008]

The liquid crystal molecules in this state are
turned about 90 degreeé in the electric field
application direction at the interface on the lower

substrate side by the electric field almost parallel

This is the rapiacemeﬂi'- sheet
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fo the substrate surface generated by two electrodes
(referred to as a lateral field) to eliminate their
opfical rotary power and thereby change their
transmittance to display an image.

[0009]

This configuration, however, needs to rotate the
liquid crystal molecules near the interface with the
lower substrate by as much as about 90 degrees and
therefore the drive voltage may easily become
éxtremely high, higher than 10 V. As for the response
speed of this configuration, although the rise time
can be made faster to some extent, the fall time takeé
on at least 40 ms bedause the liquid crystal molecules
must turn back through 90 degrees. This response is
not fast enough for displaying a dynamic image.

[oo10] | |

In the second configuration the iiquid crystal
molecules in the liquid crystal layer at the
interfaces with the upper and lower substrate are
initially orientated aimost in the same direction so
that they are homogeneously orientated without any
twist when the voltage is turned off. The liquid
crystal molecules in this state are wholly rotated
about 45 degrees in the electric field direction by

the lateral field (when the molecules have a positive

This is the replacement sheet

Date: 1'3 oCT 1997



10

15

20

25

dielectric anisotropy. When they have a negative
dielectric anisotropy, they are rotated in a direction
perpendicular to the electric field) to change the
birefringent index of the liquid crystal layer at that
time and thereforé the transmittance to display an
image.

[0011]

The second configuration can reduce the drive
voltage to about 35 V, lower than that of the first
configuration, which is in a practical range except
for a rapidly changing, specific dynamic pictures.

[0012]

in the second configuration, the response speed
depends greatly on the thickness of the liquid crystal.
layer between the upper and lower substrates and is
faster as the liquid crystal layer thickness becomes
smaller. When the gap between the substrates is made
too narrow, the gap uniformity becomes difficult to
maintain, with an increased chance of display
variations occurring. There is another problem that
the process of injecting the liquid crystal is slow,
taking a too long time. Considering these factors,
the liquid crystal layer has a practical thickness
limit of about 4 pm. The response speed therefore has

been some 60 ms at the fastest.

This is the replacement sheet
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[0013]

Examples of the first configuration are described
in G. Baur et al, JAPAN DISPLAY 1992, PP.547-550, or
by R. A. Soref, Journal of Appliéd Physics, Vol. 45,
No. 12, December 1974, PP. 5466-5468, or by R. A,
Soref, Proceedings of the IEEE, December 1874, PP.
1710-1711.

[0014]

An example of the second configuration is foﬁnd
in ASIA DISPLAY 1995, PP. 577-580 by M. Ohe et al.

[0015] | |

[Means to Solve the Problems]

A typical configuratign of this invenfion is the
one in which the liquid crystal molecules in the
liquid crystal layer are initially brientated about 45
degrees from the voltage application direction at the
interface with the upper substrate and, at the
interface with the lower_substfate, orientated about -
45 degrees from the voltage application direction so
that the liquid crystal molecules are twisted by some
90 degrees when the voltage is turned off.

[0016]

For easy understanding, the initial orientation
angle is defined as positive'fdr a counterclockwise

rotation with respect to the in-plane direction of the

This is the replacement shaet
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lateral field and ranges from -90 degrees to 90
degrees.

[0017]

To display an image, the liquid crystal molecules
in this state are rotated by the lateral field about -
45 degrees in the electric field direction at the
interface with the upper substrate and, at the
interface with the lower substrate, rotated about 45
degrees in the electric field direction to eliminate
their birefringence and thereby change their |
transmittance, fprming an- image.

[0018]

In this configurati&n, the liquid crystal
molecules near the interfaces with the upper and lower
substrates need only to be turned about 45 degrees
respectively in opposite directions, which can be
realized by a lower voltage than'that of the first
configuration. Further, because this configuration
comprises the two liquid crystal layers stacked
together, each twisted'by 45 degrees about the center
of the liquid crystal layer in opposite directions,
this configuration is identical to the one in which
the gap between the substrates is redﬁced to about
one-half. That is, the iiquid crystal molecules in

two stacked layers, because their activation force is

" This is the replacement sheet
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associated with the elastic relation among_the liquid
crystal molecules in each layer, are identical to the
one having virtually one-half the liquid crystal layer
thiékness in terms of activation of the molecules.

[0019]

In the éase of the first configuration; like the
second configuration the response speed becomes faster
as the liquid crystal layer thickness decreases, i.e.,
the response spéed is approximately inversely
proportional to the square of the liquid crystal layer
thickness.. Further, because the liquid crystal layer
of thié eﬁbédiﬁent'rdtates.only 45‘degrees, compared
to 90 degrees in the first configuration, the response:
is about two times faster than that of fhe first
configuration. In theory, the configuration of this
invention can achieve a response speed up to about
eight times that of the first embodiment.

[0020]

Assuming that the fall time in the first:
embodiment is about 45 ms, the configuration of this
invention cén theoretically realize a fall time of
about 6 ms. Measurements show that this configuration
achieved a response speed of about 20 ms.

[0021]

In this configuration, no reduction in the

This is the replacement sheet
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response speed has resulted which has been observed in
the conventional configurations-during'a-half—tone
&isplay, and almost constant, fast response speed was
obtained at any applied voltage.

[(0022]

[Embodiments of the Invention]

This invention and further objects and features
of this invention will become apparent from the
foilowing description with reference to the
accompanying drawings.

{0023]

{Embodiment 1)
<<A¢tive Matrix Liquid Crystal Display Dévice>>

An embodiment of an active matrix type color
liquid crystal display device to which this invention
is applied will be described in the following. In the
drawings, parts having identical functions are denoted
by like reference numbers and their descriptions will
not be repeated. |

[0024)
<<Planar Configuration of a Matrix Portion (Pixel
Portion) >>

Figure 1 is a plan view showing one pixel and its
peripheral portion in.an active matrix type color

liquid crystal display device.

This is e replacement shee
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[0025]

As shown in Figure 1, each pixel is arranged
inside an intersection area (an area enclosed by four
signal lines) enclosed by a seanning signal line (gate
electrode.line or horizontal signal line) GL, a
counter voltage line (counter electrode wiring) CL,
two adjoining wvideo signal'lines (drain signal line or
vertical signal line) DL. Each pixel includes a thin-
film transistor TFT, a storage capacitor Cstg, a pixel
electrode PX and a counter electrode CT. Two or more
sets of the scanning signal line GL and the counter
voltage line CL extending in the lateral direction ere
arranged in the vertical direction in the figure. A
plurality of the video signal lines DL extending in
the vertical direction are arranged in the lateral
direction. The.pixel electrode PX is connected to the
thin-film transistor TFT, and the counéer electrode CT
is formed integrally with the counter voltage line CL.

[0026]

Two pixels adjoining each other vertically along
the video signal lines DL, when they are folded along
the line A of Figure 1, overlap with each other in
their planar configuretions. This is to allow the
counter voltage line CL to be shared by the two

vertically adjoining pixels along the video signal
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lines DL and thereby increase the width of the counter
voltage line CL to reduce its resistance, allowing a
sufficient counter voltage to be supplied to each
counter electrode CT of the laterally aligned pixels
from an external circuit.

[0027])

The pixel electrode PX and the counter electrode
CT 6ppose each other to form an electric field between
them to control an opﬁical state of the liquid crystal
LC and therefore image display. The pixel elect}ode
PX and the counter electrode CT are formed like comb
teeth, each forming a narrow electrode extending
vertically to the paper.

[0028]

In each pixel, the number of counter elecﬁrodes
CT (the number of comb teeth) b and the number of
pixél electrodes PX (the number of comb teeth) P have
the relation of 0=P+1 (in this embodiment, 0=3, P=2).

This relationship is held to arrange the counter

 electrodes CT and the pixél electrodes PX alternétely

.and to ensure that the counter electrodes CT are close

to the video signal lines DL. This arrangement is for
shielding the video signal lines DL from electric
lines of force by means of the counter electrodes CT

to prevent the electric field between the counter
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electrode CT and the pixel electrode PX from being
influenced by the electric field from the video signal
lines DL. The counter electrode CT has a stable
potential bécause it is supplied at all times by the
external circuit through the counter voltagelline CL
described later. Hence, the potential of the counter
electrode CT shows almost no variation even if it is
close to the video signal lines DL. This arrangement
sets the pixel electrode PX geometrically remote from
the video signal lines DL, resulting in a significant
reduction in a parasitic capacitance between the pixel
electrode PX and the vided signal lines DL and
suppressing variations of a pixel eleétrode potential
Vs caused by the video signal voltage. It is
therefore possible to minimize crosstalks {image
quality degradations called vertical smear) that occur
in the vertical direction.

[0029]

The widths of the pixel electrode PX and the
counter electrode CT are each set at 6 pm. This value
is chosen because these widths need to bé set larger
than the thickness of the liquid crystal layer
described later, 5.0 um, to allow a sufficient
electric field to be applied to the whole liquid

crystal layer.in the direction of its thickness and -
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also need to be set as narrow as possible to increase
the aperture ratio. To prevent line disconnection,
the width of the video signal lines DL is set to 8 pum,
Slightly wider than the pixel electrode PX and the
counter electrode CT. Here, the width of the video
signal lines DL is set less than two times the width
of the adjoining counter electrode CT. Alternatively,
when the width of the video signal lines DL is aiready
determined from the productivity or yield, the width
of the counter electrode CT adjoining the video signal
lines DL is set more than one-half the width of the
video signal lines DL. This is to cause the electric
lines of force generated by the video signal lines DL
to be absorbed by the counter electrodes CT on both
sides. To absorb electric lines of force generated by
an electrode of a certain width requires another
electrode of an equal or greater width. Because the
electric lines of force generated by a part of one-
half the width of the video signal line DL (4 pm each)
need to be absorbed by the counter electrode CT on one
side, the width of the counter electrodes CT adjbining
the video signal lines DL is set more than one-half

the width of the video signal lines DL. This prevents

crosstalks, particularly vertical ones, caused by the

effects of the signal electrode.
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[0030]

The width of the scanning signal line GL is
determined so as to satisfy the resistance value at
which a sufficient scanning voltage is allied to a
gate electrode GT of a pixel on the terminal side (on
the opposite side of a scan signal terminal GTM
described later). The width of the counter voltage
lihe CL is also set tb meet the resistance value at
which a sufficient counter voltage is applied to the
counter electrode CT of a pixel on the terminal side
(on the opposite side of a common bus line CB
described later).

[0031]

The distance between the pixel electrode PX and
the éoﬁnter electrode CT is changed accotding to the
liquid crystal material for the reason described
below. Since the electtic field strength that
realizeé the maximum fransmittance differs among
liquid crystal materials, the electrode-to-electrode
distance is set according to the liquid crystal
material so thét the maximum transmittance can be
obtained within the rangé of the maximum amplitude of
the electrode voltage determined by the withstand
voltage of the signal electrode drive circuit (a

driver on the electrode side). Using a liquid crystal

Thﬁisﬁherepmcementsheet
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‘material described later, the electrode interval is 16

pm.
[0032]

While this embodiment arranges all the electrodes
on the TFT substrate side, somé electrodes,
particularly the counter-electrodé CT and the counter
voltége line CL, may be placed on the counter
substrate side. This arrangement also fallé in the
scépe of this inventioh.

[0033)]

There is no particulér limitation on the
direction of the counter electrode CT. While in this
embbdiment the'counter electrode CT is arranged in the
same direction as the gate signal line GL, it may be
laid in the same direction as the drain signal line DL
or arranged in the'form of matrix. All these
arrangements fall in the scope of this invention.

[0034]
<<Cross-Sectional Configuration of the Matrix Portion
(Pixel Portion)>>

Figure 2 shows a cross section taken along the
line 3-3 of Figure 1. Figure 3 shows a cross section
of a thin-film transistor TFT taken along the line 4-4
of Figure 1. Figure 4 shows a cross section of a

storage capacitor Cstg taken along the line 5-~5 of

s fme replacement sheet
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Figure 1. As shown in Figure 2 to 4, there are a
lower transparent glass substrate éUBl and an upper
transparent glass substrate SUB2 with the liquid
crystal layer LC interposed between. On the lower
transparent glass éubstrate SUBl1 are formed a thin-
film transistor TFT, a storage capacitor'Cst§ and
other electrodes. On_the upper transparent glass
substrate SUB2 are formed a color filter FIL and a
black matrix pattern BM for light shielding.

[0035]

On the inner side (liquid crystal LC side)} of
eachlof the transparent glass substrates SUB1l, SUBZ,
alignment or orientation films ORI1, ORI2 are formed
that control the initial orientation of the liquid
crystal. On the outer side of each §f the transparent
glass substrates SUBLl, SUB2 are placed polarizors |
whose polarizing axes are crossed perpeﬁdicularly
(crossed-Nicols arrangement) .

[0036]
<<TFT Substrate>>

First, the configuration of the lower transparent
glass substrate SUB1 (TFT substrate) will be described
in detail.

[0037]

<<Thin-Film Transistor TFT>>

This is the replacement sheet
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The thin-film traﬁsistor TFT operates in sﬁch a
way that its channel resistance between the source and
the drain decreases when a positive bias is applied to
the gate electrode GT and, when the bias is set to
zero, lncreases. |

[0038]

As shown in Figure 3, the thin-film transistor
TFT has an i-type (iﬁfrinsic, meaning no conductivity
type determining impurities are introduced)
semiconductor layer AS comprising a gate electrode GT,
a gate ihsulating film GI and an i-type amorphous
silicon (Si}), a pair of source electrodes SD1 and a
pair of drain electrodes SD2. The source and the
drain are determined essentially by the bias polarity
between them, and in the circuit of this liquid
crystal display device the bias polarity is reversed
during operation aﬁd thus it should be understood that
the source and the drain switch to each other during
the operation. In the following description, however,
one of them is fixedly as a source and the other a
drain for convenience.

[0039]
<<Gate ElectrodeIGT>>

The gate electrode GT is formed continuously with

the scanning signal line GL so that a part of the
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scanning signal line GL forms thé gate electrode GT.
The gate electrode GT is a part extending beyond an
active region of the thin-film transistor TFT and is
formed slightly larger than the i-type semiconductor
layer AS so as to completely cover it kwhen vieWed |
from below). In addition to the function of a gate
electrode, the gate gledtrode GT serves to_proteét the
i-type semiconductor layer AS from external light-and
backlight. In this example, the gate electrode GT is
formed of a single layer of a conductive film gl. The
conductive film gl may be an aluminum (Al) fiim formed -
by sputtering. Over the conductive film gl is formed
an anodic oxide film AOF of aluminum.

[0040]
<<Scanning Signal Line GL>>

The scanning signal line GL is formed of the
conductive film gl. The conductive film gl of this
scanning signal line GL is made by the same
manufacture process as the conductive film gl of the
gate electrode GT and formed integrally with it.
Through the scanning'signal line GL a gate voltage Vg
is supplied from an external circuit to the gate
electfode GT. The anodic oxide film AOF of aluminum
is also formed over the scanning signal line GL. The

part of the scanning signal line GL that crosses the

ik

oater 6 3 OCT 1997

This is the replacement sheet



10

15

20

25

-19-

video signal lines DL is formed narrow to reduce the
probability of short-circuit with the video signal
lines DL and is bifurcated so as to be cut by laser
trimming even when a short-circuit occurs.

[0041]
<<Counter Electrode CT>>

The counter electrode CT is formed qf a
conductive film gl that is in the same layer as the
gate electrode GT and the scanning signal line GL.
The aluminum anodic oxide film AOF is formed ovér the
counter electrode CT, too. The counter electrode CT
is applied with a counter voltage Vcom. In this
embodiment, the counter voltage Vcom is set at.a
potential whigh is, by the field-through wvoltage AVs
lower than an inteimediate DC potential between a
minimum level drive voltage Vdmin and a maximum level
drive voltage Vdmax applied to the video signal lines
DL, the field-through voltage AVs being generated
when the thin-film transistor TFT is turned off. When
it is necessary to reduce the power supply voltage of
the integrated circuit used in the signal electrode
drive circuit by half, an AC voltage needs to be
applied.

[0042]

<<Counter Voltage Line CL>>
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The counter voltage line CL is fﬁrmed of a
conductive film gl. The conductive film gl of the
counter voltage line CL is deposited in the same
ménufacturing process for the conductive film gl of
the gate electrode GT, the scanning'signal line GL and
the counter-electrode CT, and is formed integrally
with the counter electrode CT. Through this counter
voltage line CL the counter voltage Vcom is supplied
from the exterﬁal circuit to the counter electrode CT.
The aluminum anodic oxide film AOF is also formed over'
the counter voltage line CL. The part of the counter

voltage line CL that crosses the video signal lines DL

~is, like the scanning signal line GL, formed narrow to

reduce the probability of short-circuit with the wvideo
signal lines DL and is bifurcated so as to be cut by
laser trimming even when a short-circuit occurs.
[0043]
<<Insulating Film GI>>
In the thin-film transistor TFT, the insulating
film GI is used as a gate insulating film to apply an
electric field to the semiconductor layer AS as well
as the gate electrode GT. The insulating film GI is
formed over the gate electrode GT and the scanning
signal line GL. The insulating film GI may be a

silicon nitride film deposited to a thickness of 1200~
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-2700 angstrom (A) (in this embodiment, about 2400 A)

by, for instance, a plasma chemical vapor deposition.
The gate insulating film GI is formed so as to enclose
the whole matrix area AR, Qith its peripheral portion
removed to'expose external connectioq terminals DTM,
GTM. - The insulating film GI serves also as electric
insulation between the scanning signal line GL or
counter voltage line CL and the video signal lines DL.
 [0014] |

<<i-type Semiconductor Layef AS>>

The i-type semiconductor layer AS is made of
amorphous silicon and deposited to a thickness of 200~

2200 A (in this embodiment, about 2000 A). A layer dO

~is an N(+) amorphous silicon semiconductor layer doped

with phosphorus (P) for ohmic contact, and is left
only where there is an i-type semiconductor layer AS
below and a conductive layer dl (d2) above.

[0045]

The i-type semiconductor layer AS is also
provided between the scanﬁing signal line GL or
counter voltage line CL and the video signal lines DL
at theif intersections (crossover portions). The i-
type semiconductor layer AS at the crossover portions
reduces the possibility of short-circuit between the

scanning signal line GL or counter voltage line CL and
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the video signal lines DL.
[0046] |
<<Source Electrode SD1, Drain Electrode SD2>>

The source electrode SD1 and the drain electrode
SD2 are each formed of a conductive film dl in contact
with the N(+) semiconductor layer d0 and a conductive
film d2 formed over the first conductive film dl.

[0047]

‘The conductive film dl is made of chromium (Cr)
by sputtering to a thickness of 500-1000 A (in this
embodiment, about 600 A). The Cr film has an
increased stress.when formed to a greater thickness
and therefore its thickness is limited to about 2000 A
at most. The Cr_film is used (as a so-called barrier
layer) to ensure a satisfactory adhesion with the N(+)
semiconductor layer d0 and to prevent aluminum of the
conductive film d2 from diffusing intalthe N (+)
senmiconductor layer d0. In addition to a Cr film, the
cdnductive film dl may be a high melting point metal
(Mo, Ti, Ta, W) film or a high melting point silicide
(MoSi,, TiSi,, TaSi,, WSi,) film.

[0048]

The conductive film d2 is formed by sputtering

“aluminum to a thickness of 3000-5000 A (in this

embodiment, about 4000 A). The aluminum film has
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smaller stresses than the Cr film and can be fofmed to
a greater thickness, thus reducing the resistances of
the source electrodes SD1l, drain electrodes SD2 and
video signal lines DL. Improving the step.coverage,
and ensuring the extension over the steps formed due

to the formation of the gate electrode GT and i-type
semiconductor layer AS.

[0049]

The conductive film dl and conductive film d2 ére
patterned with the same mask pattern and then, by
using the same mask or by using the conductive film dl
and conductive film d2 as masks, the N(+)
semiconductor layer dO0 is femoved. That is, the N(+)
semiconductor layer d0 remaining on the i-type
seniconductor layer AS is removed in a self-alignment
manner in the portions other than the conductive film
dl and conductive film d2. At this time, because the
N (+) semiconductor layer d0 is etched away to its full
thickness, the i-type semiconductor laYer AS is also
etched slighﬁly at the surface. The degree of the
etching can be controlled by the etching time.

{0050]
<<Video Signal Lines DL>>

The video signal lines DL are formed of a source

electrode SD1, a second conductive film in the same
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layer as the source electrode SDI1, and a third
conductive film d3._ The video signal lines DL are
formed integrally with the drain electrode SD2.

(0051]
<<Pixel Electrode PX>>

The pixel electrode PX is formed of a source
electrode SD1, a second conductive film in the same
layer as the source electrode SD1, and a third
conductive film d3. The pixel electrode PX are formed
integrally with the source electrode SD1.

[0052]
<<Storage Capacitor Cstg>>

At its end opposite to the end connected to the

thin-film transistor TFT, the pixel electrode PX is so

formed as to overlap with the counter voltage line CL.
This overlapping, as can be seen from Figure 4, forms
a storage capacitor (é cépacitive device) Cstg having
the pixel electrode PX as one electrode PL2 and the
counter voltage line CL as another electrode PL1. The
dielectric film of the étorage capacitor Cstg is
formed of the insulating film GI used as a gate
insulating film of the thin—film.transistor TFT and
the anodic oxide f£ilm AOF. |

[0053]

As shown. in the plan view of Figure 1, the
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storage capacitor Cstg is formed in a region where the

width of the conductive film gl of the counter voltage
line CL is enlarged.

[0054]
<<Passivation Layer PSV1>>

Over the thin-film transistor TFT is formed a
passivation layer PSV1, which has a primary function
of protecting the thin—filﬁ transistor TFT against
moisture and is made of a highly transparent and .
moisture-resistant material. The passivation léyer
PSV1 may be formed of a silicon oxide layer or silicon
nitride layer deposited by a plasma CVD device to a
thickness of about 1 pm. -

[0055]

The passivation layer PSV1 is formed to enclose
the entire matrix area AR with its peripheral portion
removed to expose the external connection terminals
DTM, GTM. As to the thickness of the passi&aﬁion
layer PSV1 and the gate_insulating film GI, the former
is made thick for the protection effect and the latter
is made thin considering the mutual éonductance gm of
a transistor. Hence, the passivation layer PSV1 with
a high proteéting capability is formed larger than the
gate insulating film GI to protect as wide an area as

possible at the peripheral portion as well.
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[0056]
<<Color Filter Substrate>>
Next, referring back to Figure 1 and 2, the

configuration of the upper transparent glass substrate

SUB2 (color filter substrate) will be described in

detail.
<<Light Shielding Film BM>>

On the upper transparent glass substrate SUB2 is
formed a light shielding film BM (generally called a

black matrix) that prevents transmitted light passing

' through unwanted gaps {other than the gaps between the

pixel electfode PX and the counter electrode CT) from
going toward the display surface and degrading the
contrast. The light shielding film BM also serves to
prevent external light or backlight frém entéring the
i-type semiconductor layer AS. Thét is, the i-type
semiconductor layer AS of the thin-film transistor TFT
is sandwiched by the upper and lower light shielding
films BM and the slightly large gate.electrode GT, and
thus protected against external natural light and
backlight.

[0057]

A closed polygonal contour liné of the iight
shielding film BM shown iﬁ Figure 1 represents an

aperture inside of which the light shielding film BM
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-is not formed. This contour line pattern is just one

example. The boundary line in the vertical direction
of the figure is determined according to the precision
of allgnment between the upper and lower substrates.
When the allgnment precision is better than the width
of the counter electrode CT adjoining the video signal
lines DL, setting the contour line within the width of
the counter electrode allows the aperture to be
enlarged. '

[0058]

The light shielding film BM is made of a film
that has a light shielding capability and a high
insulating capability not to influence the electric
field between the pixel electrode PX and the counter
electrode CT. In this embodiment the light shielding
filn BM is made of a resist material mixed with black
pigment'and formed to a thickness of about 1.2 um.

(0059}

The light shielding film BM is formed as a grid
around each pixel to define an effective display area
of each pixel. Thus, tne contour of each pixei is
made clear by the light shielding film BM. That is,
the light shielding film BM has two functions, one as
a black matrix and one as a light shielding means for

the i-type semiconductor layer AS.
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[0060]

The light shielding film BM is also formed at the
peripheral portion like a frame and its pattern is
continuous with the pattern of the matrix area of
Figure 1 having a plurality of dotlike openings. The
light shielding film BM at the peripheral portion
extends to the outside of the seal portion SL to
prevent light such as reflected light produced in the
apparatus equipped with the liqpid display device,
such as a personal computer from entering the matrix
area. The light shielding film BM is kept about 0.3-
1.0 mm inside from the edge of the substrate SUBZ,
avoiding the cut area of the substrate SUB2.

[0061]
<{Color Filter FIL>>

The color filter FIL comprises a%ternated'red,
green and blue stripe filters formed at portions
facing the pixels. The color filter FIL overlaps the
edge portion of the light shielding film BM.

[0062] |

The color filter FIL can be formed as follows.
First, on the surface of the upper transparent giass
substrate SUB2 a dyeing base made of such a material
as acrylic resin is formed and then removed in areas

other than the red filter forming area by
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photolithography. Then, the dyeihg base is colored
with a red dye and fixed to form a red filter R. This
is followed by the similar process to form a green
filter G and a blue filter B.

[0063]
<<Overcoating Film 0OC>>

The overcoating_film OC is provided to prevent
leakage of the dye of the color filter FIL into the
liquid crystal LC and to planarize stepped portions
forﬁeq by the color filter FIL and the light shielding
film BM. The overcoating film OC may be made of a
transparent resin material such as acrylic resin or
epoxy resin.

[0064]
<<Liquid Crystal Layer and Polarizer>>

Next, the liquid crystal layer, orientation film
and polarizer, the features of this invention, wili be
described. |

[0065]
<<Liquid Crystal Layer>>

The liquid crystal material is a nematic liquid
crystal with a positive dielectric anisotropy Ae of
10.2.and a refractive index anisotropy An of 0.084
(589 nm at 20°C). The liquid crfstal layer has a

thickness of 5.0 pm and a retardation An-d of 0.42
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pm. With this retardation An-d, it is possible to
obtain the maximum contrast for the initial

orientation angle and polarizer arrangement described

‘later. That is, in Embodiment 1, the retardation An-

d is so determined as to produce a display of O-th
order birefringence (first minimum) mode.

[0066] .

The thickness of the liquid crystal ;ayer is
controlled by polymer beads.

[0067]

To realize the initial orientation state in which
the liquid crystal is twisted by about 90 degrees, in
this embodiment, about 0.1% of chiral matérial twisted
a clockwise is added to the liquid crystal from the
upper substrate SUB2 to the lower substrate SUBL.

[0068]

The liquid crystal_material LC is not

particularly limited. It is noted, however, that the

~larger the dielectric anisotropy A€ and the smaller

the elastic constant K2 associated with twisting, the
lower the drive voltage can be.

[0069]

When the liquid crystal layer is thick, the time
taken to inject the liquid crystal can be reduced and

variation in the gap between the substrates also can
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be reduced. To improve the response speed, the
thickness is 8 pm or less:'desirably, to obtain the
response speed of around 30 ms the liquid crystal
layer thickness should preferably be 5 pum or less.

[0070]
<<QOrientation Film>>

The orientation film is made of polyimide. The
orientation film ORIl on the lower substrate side is
rubbed in a rubbing direction RDR1l and the orientation
film ORI2 on the upper substrate.side is rubbed.in_a
rubbing direction RDR2.

[0071] .

The inifial orientation angle is defined t6 be
positive for a counterclockwise rotation with respect
to the in-plane direction of thé-lateral electric
field and to range from -90 degrees to 90 degrees. .
That is, either in the rubbing direction RDR or in the
opposite direction, the initial orientation direction
is in the range frdm -90 degrees to 90 degrees with
respect to the in-plane direction of the lateral
electric field; |

{0072}

In this embodiment, the initial orientation angle
Bl between the rubbing direction RDR1 and the -applied

electric field direction EDR on the orientation film
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ORIl side is set at -45 degrees. The initial
orientation. angle B2 between the rubbing direction
RDR2 and the applied electric field direction EDR on
the orientation film ORI2 side is set at 45 degrees.
The initial orientation éngles of the upper and lower
are twisted 0=90 degrees. Figure 16 shows this state.

[0073] |

In this embodiment, it is impértant to set Pl and
B2 so that théy may fall in the range from -90 degrees
to -35 degrees and in the range from 35 degrees to 90
degrees, or preferably set at —45 degrees and 45
degrees respectively.

[0074)

It is possible to switch the signs of f1 and f2.
In that case, the twist direction is réversed,

[0075]

In the rubbing directions RDR1, RDR2 shown in
Figure 16, the orientation of the tilt angle of liquid
crystal molecules in the liquid crystal layer at the
upﬁer and lower substrate interface is in the "splay”
state that the liquid crystal molecules produce an
effect of compensating for optical characteristics to
provide a wide viewing angle characteristic.

[0076]

The response speed of this invention can also be
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.increased by setting the initial orientation angles

f1, B2 so that the tilt angle of the liquid crystal

‘molecules in the liquid crystal layer is in the

"parallel” state. In that case, the rubbing direction
RDR1 is, for example, -45 degrees (ﬂ1 is -45 degrees)
with respect to the in-plane direction of thé lateral
electric field and the rubbing-direction RDR2 is -135
degrees (P2 is 45 degrees) with respect to the in-
pléne direction of the lateral electric field. 1In
other words, it is also possible to set the rubbing
direction RDR2 in the opposite diréction.

[0077]
<<Polarizer>>

A polarizer of Nitto Denko make, G1220DU, is
used, and the polarizing axis MAX1 of the polarizer
POL1 on the lower substrate side is aligned with the
direction of electric field EDR. To describe in more
detail, the angle ¢1 between the polarizing axis MAX1
of the polarizer POL1l and the appliéd electric field
direction EDR is set to 0 degree. The polarizing axis
MAX2 of the upper polarizer POL2 is set pérpendicular
to the polarizing axis MAX1 of the lbwer polafizer
POLi. That ié, the angle ¢2 between the polarizing
axis MAX2 of the upper polarizer POL2 and the applied

electric field direction EDR is set to 90 degrees.
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[0078]

Therefore, the angle between the polarizing axis
MAX1 and the polarizing axis MAX2, ¢ =|¢2 - 1|, is
set to 90 degrees. Figure 16 shows this relationship.
With this arrangement, as the applied voltage between
the pixel electrode PX and'the counter electrode_CT is
increased, the optical axes of the liquid crystal
molecules are reorientated toward the pdlarizing axis
MAX1l, gradually reducing birefringence until the
transmittance progressively decreases down to black.
In this way a normally open characteristic is
produced. |

[0079]

Further, the polarizing axis MAX2 of the upper
polarizer POL2 and the polarizing axis MAX1 of the
lower polarizer POLl can be exchanged to produce the
identical characteristic. That is, the following
setting may be made, ¢1 = 90 degrees and ¢$2 = 0
degrees..

' [0080]
<<Configuration of Periphery of Matrix>>

Figure 5 is a plan view showing an essential
peripheral portion around the matrix (AR) of the
display panel PNL including the upper and lower glass

substrates SUBl, SUB2. Figure 6 shows on the left a
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cross section of an external connection terminal GIM
region to which the scanhing circuit is to be
connected, and on the right a cross section of a seal
portion with no external connection termin;ls;

[0081)

In the manufacture of this panel, if the panel
size is small, a plurality of devices are fabricated
simultaneously from a single glass substrate and then
divided iﬁto individual panels for improved
throughput. If the panel size is large, a standard
size glass substrate is commonly used to fabricate any
type kind of device in order to share the
manufacturing facility and then cﬁt to an appropriate
size for each kind of device. 1In either case, after
being subjected to a predetermined sequence of
processes, the glass substrate is cut. Figure 5 and 6
represent the latter éase. Both of these figures show
the.state of the upper and lower substrates SUBl, SUB2
after being cut., LN denoting the edge of the
substrates before cutting. In either case, where
there are external connection terminal groups Tg, Td.
and terminals COT (subscript omittéd) (upper and left
sides in the figure), the size of the uppér substrate
SUB2 in a finished state is limited to the inside of

the lower substrate SUBl to expose these terminals.
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The terminal groups Tg, Td including the scanning

circuit connection terminals GTM, the signal electrode

' circuit connection terminals DTM, and their lead out

wiring portion are named in groups of terminals
grouped for each tape carrier package TCP (Figure 13,
14) mounted with an integrated circuit chip CHI. The
leadout wiring from the matrix portion of each
terminal group to the external connection terminal
portion are inclined as they approach the ends. This
is to match the terminals DTM, GTM of the dispiéy
panel PNL to the arrangement pitch of the packages TCP
and the connection terminal pitch in each package TCP.
The counter electrode terminal COT is a terminal to
apply the counter voltage from the external circuit to
the counter electrode CT. The counter voltage lines
CL of the matrix portion are led out to the opposite
side of the scanning circuit terminals GTM (to the
right side in the figure) are grouped together with a
common bus line CB and connected to the counter
electrode terminal COT.

[0082]

Between the transparent glass substrates SUBI,
SUB2 a seal pattern SL is forméd along their edges
except for a liquid crystal injection port INJ so that

the liquid crystal LC can be sealed. The sealing
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material may be made of epoxy resin.

[0083]

The orientation films ORI1, ORI2 are formed .
inside.the seal pattern SL. The polarizers PbLl, POL2
are formed on the outer surfaces of the lower
transparent glass substrate SUBl1 and the upper
transparent glass substrate SUB2, respectively. The
liquid crystal LC is sealed in a space enclosed by the
lower orientation film ORI1 and upper orientat%pn film

ORI2, both setting the orientation of the liquid

.crystal molecules, and by the seal pattern SL. The

lower orientation film ORI1 is formed over the
passivation layer PSV1 on the lower transparenf glass
substrate SUB1 side.

[0084] _

This liquid crystal display device is assembled
by stacking a variety of layers on the lower
transparent glass substrate SUB1l and on the upper
transparent glass substrate SUB2, separately:; forming
the seal pattefn SL on the upper transparent glass
substrate SUB2 side; stacking the lower transparent
glass substrate SUBl and the upper transparent glass
substrate SUB2; injecting the liquid crystal LC from
the injection port INJ of the seal material SL;

sealing the injection port INJ with epoxy resin or the
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like; and cutting the upéer'and lower substrates.

[0085]
<<Gate Terminal Portion>>

Figure 7 shows the connection struéture the
scanning signal line GL of the display matrix to its
external cohnection terminal GTM. -Figﬁre 7(A) is a
plan view and Figure_7(B) is a cross section taken
along the line B-B of (A). The figure corresponds to
the lower partiof the connection structure and the
inclined wiriné is shown by straight lines for
convenience.

[0086]

AO denotes a boundary line of a photoresist
direct drawing, i.e., a photoresist pattern for
selective.anodic oxidation. This photoresist is
removed after anodic_oxidation and thus the pattern AO
shown in Figure 7 does not remain in the completed
product. But because the oxide film AOF is
selectively formed over the gate line GL as shown in
the cross section, its trace remains. In the plan
view, the left side of the photoresist boundary line
AO is an area that is covered with a resist and not
subjected to anodic oxidation while the right side is
exposed from thé resist for'anodic.oxidation. On the

anodically-oxidized aluminum layer gl is formed an

This ":s the replacement sheet

bate: 1 3 0CT 1897



10

15

20

25

-39-

‘oxide, Al,0; film AOF, reducing the volume of the

underlying conductive portion. The anodic oxidation,
of course, is performed under properly controlled
conditions including time and voltage so that the
underlying conductive portion may remain.

[0087]

In the,figure, the aluminum layer.gl is shown by
a hatched portion for easy recognition, and the'region'
that is not subjected to anodic oxidation is patterned
in the form of comb. teeth, for the following reéson.
When the width of the aluminum layer is wide, whiskers
are formed on the surface. Hence, the aluminum layver
is divided into a plurality of parallel narrow lines
to prevent the formation of whiskers while at the same
time minimizing the probability of line breakage and
the reduction of conductivify..

[0088]

The gate terminal GTM comprises'the aluminum-
layer gl and a transparent conductive layer g2 that
protects the surface of gl and improves the
reliability of connection with tape carrier packages.
The transparent conductive layer g2 is a transparent
conductive indium-tin-oxide f;lm (ITO: NESA film)
formed by'sputteriﬁg to a thickness of 100-2000 A (in
this embodiment, about 1400 A). Conductive layers di,
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d2 are formed over the aluminum layer gl and its side.
The conducfiVe layer dil is a Cr layer that has good
connectability with both the aluminum layer and the
transparent conductive layer g2 to reduce connection
resistance and thereby to compensate for detective

connection between the aluminum layer and the

- transparent conductive layer g2. The conductive layér

d2 remains there because it is formed by the same mask
used for the conductive layer dl.
[0089]

In the plan view, the gate insulating film GI is

 formed on the right side of its boundary line and the

passivation layer PSV1 is also formed on the right
side of its boundary line. Hence, the terminal
portion GIM located at the left end is exposed for
electrical contact with external circuits. Although
the figure shows only one pair of gate line GL and
gate terminal, the actual device has a plurality of
such pairs arranged parallelly in a vertical direction
to form terminal groups Tg (Figure 5). The left end
of the gate terminal is extended beyond the cutting
area of the substrate and short-circuited by a wiring
Shg (not shown) during the process of manufacture.
Such a shorting line SHg is used for supplying

electricity during the anodic oxidation and for
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preventing electrostatic breakdown during the rubbing
of the orientation film ORI1 in the process of
manufacture. |

[0090]
<<Drain Terminal DTM>>

Figure 8 shows the connection structure from the
video signal line DL to its external connection
terminal DTM. Figure 8(A) is a plan view and Figure
8(B) is a cross section taken along the line B-B of
Figure 8{(A). Figure 8 corresponds to the upper:right
area of Figure 5 although the direction of the figure
is changed for convenience. The right-hand end érea
of Figure 8 corresponds to the upper end portion of
the substrate SUBl.

[0091]

TSTd designates a testing pad, which is fofmed
wider than its line portion so that a probe or the
like can be brought into contact with it, although it

is not connected with external circuits. Similarly,

~the drain terminal DTM, too, is formed wider than its

line portion for connection with external circuits.
The external connection drain terminals DTM are
arranged in the vertical direction, forming the
terminal groups Td (subscript omitted) as shown in

Figure 5 and extending beyond the cutting line of the
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substrate SUBl1. The drain terminals DTM are all
short-circuited by the wiring SHd (not shown) to
prevent electrostatic breakdown during the
manufacturing process. The testing pad TSTd is formed
at every other video signal line DL as shoﬁn in Figuré
8.

[0092]

The drain connection terminal DTM is formed of a
single transparent conductive iayer g2 and is
connected to the video signal lines DL at portisns
where the gate insulating fiim GI is removed. The

semiconductor layer AS formed over the end of the gate

- insulating film GI is to etch the edge of.the gate

insulating film GI in a tapered shapé. The
passivation layer PSV1 is of course removed from the
terminal DTM for connection with the external
circuits.

[0093]

The leadout wire from the matrix portion to the
drain terminal portion DTM has its layers dl, d2-which
are at the same level of the video signal lines DL-
extending to an intermediate portion of the
passivation layer PSV1 and connected with the
transparent conductive layer g2 inside the passivation

layer PSV1. This arrangement is intended to protect
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the aluminum layer d2, vulnerable to galvanic
corrosion, with the passivation layer PSVi and the
seal pattern SL.

[0084]

<<Counter Electrode Terminal CTM>>

Figure 9 shows the connection structure from the
counter voltage line CL to its external connection
terminal CTM. Figure 9(A) is a plan view and Figure

9(B) is a cross section taken along the line B-B of

(A). The figure corresponds to the upper left érea of
Figure 5.
[0095]

The counter voltagé_lines CL are grouped with the
common bus line CB and led out to the counter
electrode terminal CTM. The common bus line CB
comprises a conductive layer gl, and other conductive
layers dl, -d2 stécked on the first layer gl. This
arrangement is designed to reduce the resistance of
the common bus line.CB and thereby supply a sufficient
counter voltage from the external circuit to each
counter voltage line CL. This structure is
characterized by the ability to reduce the resistance
of the common bus line without imposing any additional
burden on_the conductive layer. The conductive layer

gl of the common bus line CB is not subjected to
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anodic conversion, in order that it is electrically
connected to the conductive layers dl, d2; It is also
exposed from the gate insﬁlating film GI.

[0096]

The counter electrode terminal.CTM has the
transparent conductive layer g2 stacked over the
conductive layer gl. The conductive layer gl is
covered with the transparent conductive layer g2,
which has good.corrosion resistance, to protect the

surface of the conductive layer gl against galﬁanic

.corrosion.

[0097]
<<Equivalent Circuit of Whole Display Device>>

An equivalent circuit of the display matrix
portion and its peripheral circuit are.shown in Figure
10. The figure, though it is a circuit diagram, is
drawn in compliance with actual geometric arrangement.
AR represents a matrix array in which a plurality of
pixels are arranged in two dimensional array.

[0098]

In the figure, X represents the video signal
lines DL, with subscripts G, B and R representing
green, blue and red pixels. Y means scanning signal
lines GL, with subscripts 1, 2, 3, ..., end indicating

the order of scan timing.
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[0099]

The scanning signal lines f {the subscripts are
omitted) are connected to a scanning circuit V and the
video signal lines X (the subscripts are omitted) are
connected to a video signal driving circuit H.

[0100]

A circuit SUP includes a power supply circuit for
producing step-down power Supply voltages from one
power source and a circuit for‘converting information
for CRT froﬁ a host computer t(higher order compﬁter)
into information for a TFT liquid crystal display.

[0101] | |
<<Driving Method>>

Figure 11 shows drive signal waveforms for the
liquid crystal display device of this invention. The
counter voltage is transformed into alternéting
rectangular waves having binary values, Vch and Vcl,
and in synchronism with the alternating waves a
nonselection voltage for the scanning signals Vg (i-
1), Vgl(i) is changed between two values, Vhlh and
Vgll, in each scanning period. The amplitude of the
counter voltage and the amplitude of the nonselection
vbltage are set equal. The video signal voltage is
obtained by subtrating half the counter voltage from

the voltage to be applied to the liquid crystal layer.
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[0102]

The counter voltage may be a DC voltage but
transforming it into the AC voltage makes it possible
to reduce the maximum amplitude of the video signal
voltage, allowing the use of a video signal driving
circuit (signal side driver) with a lower dielectric
strength.

[0103]
<<Function of Storage Capacitor Cstg>>

The storage capacitor Cstg is provided for:
holding the video information written in a pixel for a
long period (éfter the thin-film transistor TFT is
turned off). In the system of this invention where an
electric field is applied in a direction parallel to
the substrate surface, unlike the system where the
electric field is applied perpendiculagly to the
substrate surface, because there is almost no
capacitance (generally called a liquid capacitance)
produced by the pixel electrode and the counter
electrode, the storage capacitor Cstg cannot hold the
video information in the pixel. Thus, in the system
where thé electric field is applied parallel to the
substrate surface, the storage capatitor Cstg is an
essential constitutional element. |

[0104]
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The storage capacitor Cstg, when the thin-film
transistor TFT is switched, also works to reduce the
effect of the gate potential change AVg on the pixel
electrode potential Vs. This is expressed by the
following equation.. |

[0105]

AVs = {Cgs/(Cgs + Cstg + Cpix)} x AvVg
Here, Cgs is a .parasitic capacitance produced between
the gate electrode GT and ﬁhe source electrode SD1 of
the thin-film transistor TFT, Cpix is a capaciténce
produced between the pixel electrode PX and the
counter electrode CT, and AVS is a voltage generally
called a feed-through voltage, a change in the pixel
electrode potential caused by AVg. This change AvVs
is a cause of a DC component applied to the liquid
crystal LC and can be reduced by increasing the
storage capacitor Cstg. Reduced DC components applied
to the liquid crystal LC improve the service life of
the liquid crystal LC, mitigating so-called image
persistence, a phenoménon in which a previous image
remains when the liquid crystal screen is switched to
another image.

[0106]

As described above, since the gate electrode GT

is so formed large as to cover the entire i-type

b o
S ta)
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semiconductor layer AS, the overlapping area with the
source electrode SD1 and the drain electrode SD2
correspondingly increase,_which in turn increases the
parasitic capacitance Cgs, making the pixel electrode
potential Vs more susceptible to the influences of the
gate (scanning) signal Vg. The provisiﬁn of the
storage capacitor Cstg, however, can eliminate this
demerit.

[0;07]

The method of driving is not limited to thé above

and other active matrix driving methods may be

. employed. These methods all. fall in the scope of this

invention.

[0108)
<<Display Panel PNL and Driving Circuit Substrate
PCB1>>

Figure 12 is a plan view showing the display panel
PNL of Figure 5 connected with the video signal
driving circuit H and the scanning circuit V.

t0109}

CHI represents drive IC chips tb drive the display
panel PNL (five shown at the bottom are drive IC chips
on the scanning circuit side; ten shown to the left
are drive chips on the video signal driving circuit

side). TCP denotes tape carrier packages mounted with
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the drive IC chips CHI by the tape automated bonding
(TAB) as described later referring to Figure 13 and
14. A printed circuit board PCBl is mounted with the
TCPs and capacitors and is divided in two, one for the
video signal driving circuit and the other for the
scan signal driving circuit. FGP denotes a frame
ground pad to which are soldered springlike pieces
formed by cutting a shield case SHD. A flat cable FC
electrically connects the lower-side printed circuit
board PCB1 and the left printed circuit board PCB1.
The flat cable FC may, as shown, be formédlby |
sandwiching a plurality of lead wires (of phosphor
bronze plated with Sn) between a striped polyethylene
layer and a polyvinyl alcohol layer.

[00110] '
<<Connection Structure of TCP>>

Figure 13 shows a cross-sectional structure of
the tape carrier package TCP where the IC chips CHI
comprising the scan signal driﬁing circuit V and the
video signal driving circuit H is mounted on the
flexible printed circuit boards. Figure 14 is a cross

section showing an essential part of the liquid

crystal display panel connected to the scan signal

terminal GTM.
[0111]
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In the figure, TTB denotes an input
terminal/wiring portion of the IC circuit CHI. TTM
represents an output terminal/wiring portion of the IC
circuit CHI. These are made, for instance, of Cu and
their inner ends (generally called inner leads) are
connected with bonding pads PAD of the IC circuit CHI
by the facedown bonding. The outer ends (generally
called outer leads) of the terminals TTB, TTM
correspond to éhe input and output, respectively, of
the semiconductor IC circuit chip CHI and are .
connected to the CRT/TFT conversion circuit/power
supply circuit SUP by soldering,and to the liquid
cfystal display panel PNL through the anisotropic
conductive film ACF. The package TCP is connected to
the panel so that the package end covers the edge of
the passivation layer PSV1 that exposes the connection
terminal GTM on the panel PNL side. Hence, the outer
connection terminal GTM (DTM) is covered with at least
one of the passivation layer PSV1 and thé package TCP,
sc that its resistance against galvanic corrosion is
enhanced.

[0112]

- BF1 denotes a base film made, for example, of

- polyimide. SRS is a solder resist film as a mask to

prevent solder from flowing to unwanted areas during
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-the soldering pfocess. The gap between the upper and

lower glass substrates on the duter side of the seal
pattern SL is, after cleaning, protected with epoxy

resin EPX or the like. Furthermore, silicone resin

SIL is placed between the péckage TCP and the upper

substrate SUB2 fdr double protection.

[0113)
<<Printed Circuit Board PCB2>>

| The printed circuit board PCB2 is mounted with
electronic parts such as ICs, capacitors and
resistors. The printed cifcuit_board PCB2 is mounted
with a circuit SUP_that includes a power supply
circuit for producing step-down supply voltages from a
single power source and a circuit for converting CRT
information from a host computer {higher order
computer) into TFT liquid crystal display device
information. CJ represents a connector portion for a
connector (not shown) that is connected with an
extérnal circuit.

[0114]

The printed circuit board PCBl and the printed
circuit board PCB2 are electrically connected with a
flat cable FC.

[0115]

<<Qverall Configuration of the Liquid Crystal Display
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Module>>

Figure 15 is an exploded perspective view of
constitutional parts'of a liquid crystal display
module MDL. -

[0016]

SHD repfesents a framelike shield case (metal
frame) made of a metal plate; LCW a window for the
liquid érystal display; PNL a liquid crystal display
panel; SPB a diffuser; LCB a light conductor; RM a
reflector; BL a backlight fluorescent tube:; and LCA a
backlight case. These are stacked together in a
vertical relationship shown in the figure to form a
module MDL.

[0117]

The module MDL is secured together with claws and
hooks provided to the shield case SHD.h

[oi1s]

The backlight case LCA is so shaped as to
accommodate the backlight fluorescent tube BL,
diffuser SPB, light conductor LCB and reflector RM.

The light from the backlight fluorescent tube BL

';?érrangéd at the side of the light conductor LCB is

diffused by the light conductor LCB, reflector RM and
diffuser SPB to produce uniform light at the display

surface and directed to the liquid crystal display
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panel PNL.

[0119]

The backlight fluorescent tube BL is connected
with an inverter circuit board PCB3 which is a power
source of the backlight.

[0120])
<<Characteristic of Liquid Crystal Display Device of
Embodiment 1>>

Figure 17 and 18 show the principle of driving

the liquid crystal of Embodiment 1.

f0121]

The working principle will be explained for a
case where the dielectric anisotropy Ae of the liquid
crystal is positive.

[0122)

When no voltage is applied, the %iquid'crystal
molecules in the liquid crystal layer are in the
initial state where they are twisted 90 degrees
clockwise from the upper substrate SUB2 to the lower
substrate SUBl, as showﬁ in Figure 17(a). When the
voltage is applied, the part of the twisted liquid
crystal molecules in the direction of thickness of the
liquid crystal layer decreases as shown in Figure
17(b), only molecules in the region ciose to the

interfaces with the upper remain twisted and lower
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substrates and a major part of the liquid crystal
molecules is oriented homogeneously in the voltage
application direction. |

[0123]

When the voltage is not applied in the.
configuration of the liquid crystal layer and the
arrangement of polarizing axis of polarizer oleigure
16, a high transmittance state (white display) can be
obtained by the birefringence efféct of the liquid
crystal. Further, during voltage application because
the homogeneously oriented liquid crystal molecules
are aligned with the polarizing axis of one polarizer,
the birefringence does not occur at that pbrtion,
causing the Virtuél retardation of the liquid crystal
layer to come close to zéro, and producing no
birefringence effect.

[0124]

When the voltage is'applied, however, the liquid
crystal layers near the interfaces actually remain

twisted, so that retardation does not become zero. In

 this embodiment, the thickness of the liquid crystal -

layer of the twisted molecules can be reduced
infinitely, making it possible to assume that almost
all molecules can be homogeneously oriented. Because

the polarizers are cross-Nicols-arranged
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(perpendicularly to each other), light cannot pass
through, producing a black dispiay if there is no
birefringence. |

[0125]

Based on this operating principle, the following
display characteristics are obtained.

[0126]

With the configuration of Embodiment 1 the

normally open type electro—optical'characteris;ic is

obtained that enables white display when no voltage is
applied. The transmittance at the time of whité
display was 4.5%. Further, the contrast ratio of 3
was obtained.at the time of black display by applying
a drive voltage of 12 V.

[0127]

Figure 19 shows an applied voltage-transmittance
characteristic of Embodiment 1.

[0128] |

In Embodiment 1, increésing the drive voltage
causes the transmittance to decrease, thus improving
the contrast ratio. Because of the limitation on the
withstand voltage of the drive circuit, however,in
this embodiment, the maximum drive voltage is 12 V. -
It should be noted that the present invention also

includes cases where higher or lower maximum drive
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voltages are used for the driving.

[0129])

The response speed of the liquid crystal display
device of Embodiment 1 was 22 ms, of which 8 ms was a
rise time and 14 ms a fall time.

[0130]

Figure 20 to 22 show the rise time Tr, the fall
time and the response speed.

[0131]

The response speed of Embodiment 1 is shor%er
than 30 ms, enabling display of a dynamic image, and
this means fhat'a dynamic image éan be displayed in
good condition Without ahy'trailing. Figure_zo.to 22
show, for comparison, the response speéd; of the first
caée'(conventional configufation 1) and the second :
case (conventional cdnfiguration 2) described above.

[0132] | |

The response speed of this invention is about 1/2
to 1/4 that of the conventional configurations,
realizing a significant improvement. The conventional
configuration 2 had a liquid crystal layer thickness
of 4.0 um when its response speed was measured.
Although the conventional configuration 2 has a
normally closed (normally black) characteristic that

enables white display when applied with a voltage, the
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liquid crystal layer thickness was 4.0 pm in order to

make the transmittance of the same liquid crystal

material for a white display equal to that of the

conventional configuration 1 and the Embodimént 1.

The conventional configuratibn 1 and Embodiment 1 were

set at 5.0 ﬁm in the liquid crystal layer.thickness.
[0133] |
What should be particularly noted is that, with

the conventionél.configuration 1 and 2, the response

‘speed varies greatly with the voltage applied to the

liquid crystal and that as the liquid crystal applied
vbltage is reduced, the response speed decreases

remarkably. With the configuration of  this invention,

‘on the other hand, it is seen that the response speed

exhibits almost no dependence on the liquid crystal
applied wvoltage and remains nearly constant.

[0134]

From this charactefistic, it is found that this
invention produces no traiiing image, a drawback that
occurs particularly when a dynamic image is displayed
in a half-tone mode.

[0135]

The viewing angle characteristic of this
invention was more than 140 degrees in the vertical

and horizontal directions, which compares favorably
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Further, the color tone variétion and the gradation
inversion recognized when viewed at a particular
angle, which are the probrems of the conventional
configuration 2, were mitigated.

[0136] |

The coler tone yariation is a phenomenon that,
assuming the direction of an in-plane component of the
laferal electric field.tolbe 0 degree, the region
along the direction of about 45 degrees and 225
degrees, for example, changes its color from white to

yellow (or blue) and the area along the direction of

-about =45 degrees and 135 degrees changes to blue (or

yellow). The gradation inversion is a phenomenon
that, when viewed at an oblige angle, white changes to
yellow or blue. These phenomena occur because when
white is displayed, a change in retardation due to
inclination of the viewing angle causes the liquid
crystal layer near the upper substrate and the liquid
crystal layer near the lower substrate to compensate
for each other. |

[0137]

As can be seen from above, this invention
provides the response speed of less than 30 ms, the

minimum requirement for displaying a dynamic image.
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An additional advantage is a further improvément of
the ﬁiewing angle, compared to the conventional
configuration. Because a material with greater
refractive index anisotropy An than that of.the
conventional configuration 2 can be.used, a wider
range of materials becomes available. 'Further;'
because the thickness of the liquid crystal layer can

be set larger, the gap between the substrates is more

easily made uniform, improving the uniform

distribution of brightness. The thicker liquid'
crystal layer contributes to a shorter liquid crystal
injection time.

[0138]

The cross-sectional structure of the thin-film
transistor TFT and the electrode arrangement shown in
Embodiment 1 are just one example and it is possible
to use another TFT structure_and electréde arrangement
(including one in which the counter electrodes are
placed on the color filter substrate) in this
invention.

[6139]

(Embodiment 2 to Embodiment 5)

Embodiment 2 to Embodiment 5 are examples

cbnfiguration with normally open display

characteristics and optical compensation cells. They
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are similar in configuration to Embodiment 1 eXcept
for the following.

[0140]

A cross-sectional structure of Embodiment 2 to
Embodiment 5 is shown in Figure 23. |

[0141]

The structure includes drive liquid crystal cells
having drive electrodes CT, PX and thin-film
transistors TFT, and optiCal compensation liquid
crystal cells with no electrodes.

[0142]

Embodiment 2 has a configuration such that only

the optical compensation liquid crystal cells added to

Embodiment 1.

[0143]

Embodiment 3 has a configuration similar to that
of Embodiment 2 with an increased refractive index
anisotropy An of the liquid crystal material of the
drive liquid crystal cells.

[0144] |

Embodiment 4 has a configquration similar to that
of Embodiment 2 with the polarizing axis of the
polarizer optimized.

[0145]

Embodiment 5 has a configuration in which the
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initial twist angle 8 of the drive liquid crystal
cells is optimized.

[0146]
<<Drive Liquid Crystal Cell>>

The initial twist angle 0, initial orientation
angles B1, P2, thickness of the }iquid'crystal layer,
dielectric anisotropy Ae of the liquid crystal
material, and refractive index anisotropy An, all of
Embodiment 2 to Embodiment 3, are shown in Table 1.

[0147] o
<<Optical compensation Liquid Crystal Cell>>

The optical_cémpensation liquid crystal cells
comprise, as shown in Figure 23, a lower substrate
SUB3, an upper substrate SUB4, a liquid crystal
composition CLC held between these substrates, an
orientation film ORI3 on the lower substrate SUB3
side, and an orientation film ORI4 on the upper
substrate SUB4 side.

[0148]
<<Optical compensation Liquid Crystal Layer>>

Figure 24 shows the rubbing direction of the
drive liquid crystal cells, the initial orientation
angle and the polarizing axis of polarizer, and the
rubbing direction of the éptical compensation liquid

crystal layer (orientation direction near the
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orientation film).

{0149]

The orientation film ORI3 is rubbed in the RDR3
direction, and the orientation film ORI4 is rubbed in
the RDR4 direction. B3 is the initial orientation
angle between the rubbing direction RDR3 and the
applied electric fie;d direction EDR of the drive
liquid crystal cell, and P4 is the initial orientation
angle between the rubbing direction RDR4 and the
appliéd electric field direction EDR of the drive_
liquid crystal éeli.

[0150]

Let the product of An of the liquid crystél
layer of the optical cbmpensation liquid crystal cell.
and the thickness d of the liquid crystal layer be
referred to as retardation (An-d)'. The twist angle
82 is a twist angle of the optical compensation liQuid
crystal layer. |

[0151]

The retardation (An-+d)' of the optical
compensation liquid crystal layer, the twist angle 02,
and the initial orientation angles (3, P4 are shown
in Table 1. | '

{0152]

Here, the relationship among f1, B2, B3 and P4
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is |BP3-B41=|P1-B2|, and P3 crosses P2 nearly
perpendicularly.

[0153]

For the optical compensation liquid crystal cells
of this invention films holding cholesteric liquid
crystal therebetween which have an optical
characteristic identical to that of thé optical'
compensation cells bf Embodiment 2 to 5 may be used.

[0154)
<<Polarizer>>

The arréngement of the polarizing axis of the
polarizer used in Embodiment 2 to 5 is shown in Table
1. |

[0155]

The direction of the polarizing axis of the
polarizer POLl1l on the'backlight input side. is denoted
by PDR and the direction of the polarizing axis of the
polarizer POL2 on the output side is denoted by ADR.

[0156) |
<<Characteristics of'Embbdiment 2 to Embodiment 5>>

The principle of driving the liquid crystal in
Embodiment 2 to.S is shown in Figure 25.

[0157]

To achieve a higher contrast ratio with a lower

voltage than in Embodiment 1, the liquid crystal

This is ﬁ,'te replacement sheet

Date: 1 3 0CT 1097



10

15

20

25

‘molecules are oriented in a state shown in Figure

25(b) by applying a voltage to énable black display.
That is, the liquid crystal cells of Embodimentlz to 5
have their liquid crystal molecules near the interface
strongly twisted and the liquid crystal molecules in
the central portion weakly twisted. The phrase
"weakly twisted" means a state that the ratio, tWist
angle/layer thickness, is small and the phrase
"sérongly twisted" means a state that the ratio twist
angle/layer thickness, is lardge. Thus, by arraﬁging
the optical compensation liquid crystal layer and
polarizers in such a way as to compensate for this
orientation, it is possibie to realize a high contrast
ratio with a low voltage.

[0158]

The following characteristics of the liquid
crystal display device with this configuration are
obtained.

[0159]

In Embodiment 2 to 5, the response speed
characteristic obtained is equivalent to that of
Embodiment 1. |

{0160]

The relation between the drive voltage Vic aﬁd

the transmittance T is shown in Figure 26.
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[0161]

It is seen that the contrast ratio, the drive
voltage and the maximum transmittance are improved
progressively roughly in order of the embodiment
numbers. In Embodiment 5 in particular, the contrast
ratio of 100 or higher and the maximum transmittance
(absolute transmittance of the panel during a white
display) of 4.1% are obtained for the drive voltage of
7 V.

[6162]

Figure 27 shows the relation between the
retardation of drive cell, the contrast ratio, and the
maximum transmittance. |

[0163]

Figure 27 shows that the optimum retardation
needs to be 750 nm or higher to produce a sufficient
transmittance, preferably 1250 nm or higher that
produces a sufficient contrast ratio.

[0164]

Figure 28 shows the relation befween the contrast
ratios of the liquid crystal display device of
Embodiment 2 to 5 and the polarizer arrangement ¢=|¢l-
d21.

[0165]

It is seen from Figure 28 that, to produce a
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sufficient contrast ratio, the optimal relatidn db={d1-
$2| of the polarizing axis of the polarizer needs to

be 90 degrees to 120 degrees, preferably 95 degrees to
115 degrees. Figure 29 shows_the relation between the..
initial twist angle of the drive liquid crystal cells,
the contrast ratio and the maximum transmittance. |
Here the twist angle of the optical coﬁpensation cell
is set to 62=0.

[0166]

It is found from Figure 29 that the initial twist
anéle is preferably set in a range between 90 degrees
and 115 degrees to realize a sufficient contrast ratio
and.the maximum transmittance at the same time. The
retardation (Arlid)' of the optical compensation
liquid crystal layer is preferably set in a fange
betweén 0.4+« (An-+d} and 0.6+ (An-d), and setting the
retardation at around (An-+d)'=0.52+ (An-+d) in
particular assures optimization.

[(0167]

({Embodiment 6 to Emquiment 8)

The configurations of Embodiment 6 to 8 are
examples of normally closed configuration with the
optical compensation cells and similar to those of
Embodiment 2 to 5, except for the following.

[0168]
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The cross-~sectional structures of Embodiment 6 to

- 8 are similar to those of Embodiment 2 to 5 and shown

in Figure 23.

[0169]

Embodiment 6 to 8 have drive liquid crystal cells
with drive electrodes CT, PX and thin-film transistors
TFT, and optical compensation liquid crystal cells
without electrodes.

[0170]

Embodiment 6, unlike Embodiment 2, matches the
retardation (An-+d)' of the optical compensation
liquid crystal cell with the retardation (An-d) of
the drive cell. .

[{0171]

Embodiment 7 has a configuration in which the
refractive index anisotropy An of the liqﬁid crystal
material of the drive liquid crystal cell is set large
and the retardation (An-+d)' of the optical
compensation liquid crystal cell is matched with the
retardation (An-d) of the drive cell.

[0172] |

Embodiment 8 has a coﬁfiguration in.which the
initial twist angle 0 of Embodiment 7 is changed.

[0173]

<<Drive Liquid Crystal Cell>>
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The initial twist angle 0, initial orientation
angles B1, B2, thickness of the liquid crystal layer,
and Ae and An of the liquid crystal material, all
used in Embodiment 6 to 8, are shown in Table 2.

[0174]

" <<0Optical compensation Liquid Crystal Cell>>

The retardation (An-+d)', twist angle 02, and the
initial orientation angles (3, P4 of the optical
compensation liquid drystal layer used in Embodiment 6
to 8 are shown in Table 2. Definitions of thesé
parameters are the same as those of Embodiment 2 to 5.

[0175]

The relation among f1, f2, 3 and B4 is Ib3~ﬁ4|
=|p1-B2f, with B3 crossing P2 virtually at right
angles. |

[0176]

The optical compensation liquid crystal cells may
use films holding cholesteric liquid crystal
therebetween which have an optical-characteristic
identical to that of the optical compensation celis of
the previous embodiments.

[0177]
<<Polarizer>>

The arrangement of the polarizing axis of the

polarizer used in Embodiment 6 to 8 is shown in Table
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{0178])
<<Characteristics of Embodiment 6 to Embodiment 8>>

The principle of liquid cryétal driving is
similar to that of Embodiment 2 to 5 and is shown in
Figure 25. 'Unlike Embodiment 2 to 5, Embodiment 6 to
8 also have fhe retardation (An-+d)' of the optical
compensation liquid crystal celi matched with the
retardation (A&1°d) of the drive liquid crystal cell.
Hence, a normally closed characteristic that the
transmittance increases with the voltagée applied to
the liquid crystal is obtained.

[0179]

Figure 30 shows the relation between the drive
voltage V1c and the transmittance T Embbdiment 6 to 8.

[{0180]

Embodiment 6 to 8 enables a black display (low
transmission state) when no voltage is applied. When
no voltage is applied, the liquid crystal molecules
are oriented in an ideally twisted state making the
optical compensation by the optical compensation cell
easy. Hence, an ideal blaék level, i.e., the
transmittance infinitely close to zero, can be
achieved. It is therefore possible to widen the

margin for variations in the manufacturing process,
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-particularly the variations of the gap between

substrates, allowing the stablé manufacture of high-
contrast products.

{0181}

Embodiment 7 enabled a contrast_ratio of 100 or
highér and a maximum transmittance (absolute
transmittance of the_panel during white display) of
4.5% for a drive voltage of 7 V. The response speed
chsracteristics in Embodiment 6 and 7 are comparable
to those of Embodiment 1. '

(0182] .

As to the relation among the retardation,
contrast ratio and maximum transmittance of .the drive
cells, comparison between Embodiment 6 and Embodiment
7 shows that the maximum transmittance is improved in
Embodiment 7 over Embodiment 6. Therefore, it is
desired that the optimum retardation be set higher
than 750 nm as in Embodiment 2 to 5.

[0183]

The polarizer arrangement ¢=|¢l-¢2| is
preferably set close to 90 degrees.

[0184]

Further, as in Embodiment 8, by increasing the
initial twist angle to more than 90 degrees it is

possible to change a liquid crystal applied voltage at
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which the transmittance starts to increase, i.e., a

threshold voltage. Hence, the voltage amplitude
contributing to the display and ranging from the
threshold voltage to a voltage for fhe maximum
transmittance can be reduced. This in turn reduces
the signal output range of the video signal driving
circuit. In other words, the video signal driving
circuit, particularly the signal driver, can be
reduced in circuit size. In Embodiment 8, the
response speed is slightly slower, that is, the.rise
time is 12 ms, the fall time is 20 ms and the response
time of 32 ms. The initial twist angle therefore
contributes to changing the drive voltage that brings
about the maximum transmittance, and it is preferably
set in a range from 70 degrees to 160 degrees.

[0185]

(Embodiment 9 to Embodiment 13)

Embodiment 9 to 13 have a normally open
configuration with a uniaxial phase film and is
similar to the configuration of Embodiment 1, except
for the following. |

[0186]

A cross-sectional structure of Embodiment 9 to 13
is shown in Figure 31. In these embodiments, uniaxial

phase films FILM1 and FILM2 are arranged on the outer
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sides of the substrates SUBl, SUB2 so as to hold them
therebetween. |

(0187]

Embodiment 9 has.the configuration such that the .
uniaxial phase film FILM1 and FILM2 is added to
Embodiment 1. |

[0188] ‘

Embodihent 10 has the configuration such that the
lagging axis of the phése film of Embodiment 9 is
changed. '

(0189]

Embodiment 11 has the configuration such_that the .
retardation of the phase films of Embodiment. 10 is
differentiated between the upper and lower films.

[0190]

Embodiment 12 has the configuration such that the
refractive index anisotropy An of the liqﬁid crystal
material of Embodiment 11 is increased.

[0191]

Embodiment 13 has a structure where the initial
twist angle of Embodiment 12 is changed.

[0192]
<<Uniaxial Phase film>>

The lagging axes Y1, Y2 of the uniaxial phase
films and the retardations (An-+d)l, (An-d)2 used in
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Embodiment 9 to 13 are shown in Table 3. ¥1
represents an angle between the lagging axis LDR1 of
the lower phase film FILM1 and the direction of
electric field EDR and y2'represénts'aﬁ angle between
the lagging axis LDR2 of the upper phase film FILM2
and the direction of electric field EDR. Both of
these angles are defined as positive for a
counterclockwise rotation with fespect to the
directioh of electric field EDR.

[0193]

(An-d)l represents the retardation of the lower
phase film and (An-+d)2 represents the retardation of
the'upper phase film. Figure 32 shows their angular
relation.

[0194]
<<Liquid Crystal Layer>>

The retardation An-+d of the optical compensation
liquid crystal layer, the initial twist angle 6, and
the initial orientation angles 1, $2 used in
Embodiment 9 to 13 are shown in Table 3. Figure 32
shows their angular relation.

[0195]

<<Polarizer>>

The polarizing axes of the polarizers used in

Embodiment 9 to 13 are shown in Table 3. Figure 32
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shows their angular relation.

[0196)
<<Characteristics of Embodiment 9 to Embodiment 13>>

The principle of driving the liquid crystal used
in Embodiment 9 to 13 is identical with that of
Embodiment 2 to 5.

[0197]

To realize a higher contrast ratio with a lower
voltage than those of Embodiment 1, Embodiment 9 to 13
orientate the liquid crystal in a state shown fh
Figure 25(b), enabling black display.

{o198]

At a low voltage, the liquid crystal cells.in
Embodiment 9 to 13 assume a transitional state that
the liquid crystal molecules near the interface are
sﬁrongly twisted while those in the central portion
are weakly twisted. Thus, by arfanging the phase
films and the polarizers in such a way as to
compensate for this orientation state, it is possible
to achive a high contrast ratio with a low voltage.

[{0199] |

Embodiment 9 to 13 have response speed
characteristics comparable to those of Embodiment 1.

[0200] )

Figure 33 shows the relation between the drive
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voltage Vlc and the transmittance T. It is seen that
the contrast ratio and the maximum traﬁsmittance are
improved'progressively roughly.in order of the
embodiment number. In Embodiment 13 in particular,
the contrast ratio of 100 or higher and the maximum
transmittanée (the absolute transmittance of the panel
during white display) of 4.4% are obtained for the
drive voltage of 7 V.

[0201]

As shown in Figure 33, there is no characteristic
change between Embodiment 9 and Embodiment 10. This
suggesté that the lagging axis angles yl, Y2 of phase
plates and the retardations (An-+d)l, (An-+d)2 of the
phase plate do not chaﬁge their characteristics if y1
* (An-d)l and Y2+ (An-d)2 are constanf even when
their values are changed.

[0202]

The'relations, explained in conjunction with
Embodiment 2 to 5, the relation between the

retardation of the drive cells, contrast ratio and

- maximum transmittance shown in Figure 27, the relation

between the polarizing axes of polarizers ¢, contrast
ratio and maximum transmittance shown in Figure 28,
and the relation between the initial twist angle of

the drive cells, contrast ratio and maximum
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‘transmittance shown in Figure 29, are also obtained in

Embodiment 9 to 13. It is noted, however, that the
relation (An-+d) between the retardation of the drive
cells and the retardations (An-d)l, (An-d)2 of phase
shifters is so set that the relation (An-d)l + (An-
d)2 = 0.52° (An*d) is met when y1 = -22.5 degrees and
Y2 = 22.5 degrees. ‘

[0203]

Thus, the optimum retardation needs to be set
higher than 750 nm for a sufficient transmittanée,
preferably more than 1250 nm to obtain a sufficient
contrast ratio. |

[0204]

To obtain a sufficient contrast ratio, the
relation ¢=|¢$pl-$2| of optimum polarizing axes of the
polarizers needs to be set in a range of between 90
degrees and 120 degrees, preferably between 95 degrees
and 115 degrees.

[0205]

Further, the initial twist angle should
preferably be set in a range between 90 degrees and
115 degrees to achive a satisfactory contrast ratio
and a white display'transmitfance at fhe same time.

[0206] |

The retardations of the phase films (An"d)i +
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fArx-d)Z should preferably be set in the range from
0.4+ (An-+d) to 0.6+ (An-+d) to exhibit the
characteristics shown in Figure 27 to 29. Setting
them close to (An-°d)l + (An-d)2 = 0.52- (An*d)
results in characteristic optimization.

[0207]

As shown in Embodiment 10 to 12, better
optimization is achieved by setting (An-+d)2 > (An-
d)1l or setting iyzl > |yYl| for the lagging axis’
angles. More specifically, when |yl] = |y21, if is
desired that the retardation be set close to (An-d)2
= 1.5« (An-+d)1. Therefore, the preferable setting is
(An+d)1 < (An-d)2 I< 2+ (An-+d)1 or |yl| < |y2| < 2
lyll.

[0208]

A cross-sectional structure, in which two phase
films FILM1, FILM2 are arranged on thé-upper side
only, is shown in Figure 35. Other arrangements can
also bring about characteristics similar to those of
these embodiments and they are within the scope of
this invention.

[{0209]

(Embodiment 14 to Embodiment 16)
Embodiment 14 to 16 have a normally closed

configuration with uniaxial phase films which is
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similar to that of Embodiment 9 to 13, except for the

following.

. [0210]

The cross-sectional configuration of Embodiment

14 to 16 is shown in Figure 31 and is similar to that

of Embodiment 8 to 13.
- [0211]

As in Embodiment 9 to 13, the uniaxial phase

films FILM1, FILM2 are arranged on the outer sides of

the substrates SUB1, SUB2 so as to hold them
therebetween.

[0212]

Unlike Embodiment 9, Embodiment 14 has

configuration that matches the sum of retardations

a

(An+d)l + (An-+d)2 of the uniaxial phase films to

the retardation (An-*d) of the drive cell.
[0213]

Embodiment 15 has a configuration in which, under

the retardation condition of Embodiment 14,

the

dielectric anisotropy An of the liquid crystal

material of the drive liquid crystal cells i
increased.

[0214]

Embodiment 16 is an example where the initial

twist angle O of Embodiment 15 is changed.

S
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[0215]
<<Uniaxial Phase Film>>

The lagging axes Y1, Y2 of the uniaxial phase
films and the retardatidns (An-+d)1, (An-+d)2, both
used in Embodiment 14 to 16, are shown in Table 4. ¥yl
represents the angle between the lagging axis LDR1l of
the lower phase film.FILMl and the direction of -
electric field EDR, Y2 represents the angle between
the lagging axis LDRZ of the upper phase film FILM2
and the direction of electric field EDR,.(An.'d)l is
the retardation of the lower phasé film, and (An-d)2
is the retardation of the upper phase film. Figure 32
shows their angular relationship. '

[0216]
<<Liquid Crystal Layer>>

The retardation An-d, initial twist ahgle 6 and
initial orientation angles B1l, P2 for the liquid
crystal layer of the drive cells used in Embodiment 14
to 16 are shown in Table 4. Figure 32 shows their
angular relatiohship..

[0217]
<<Polarizer>>

The polarizing axes of the polarizers used in
Embodiment 14 to 16 are shown in Table 4. Their

angular relation is shown in Figure 32.
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[0218]
<<Characteristics of Embodiment 14 to 16>>

The principle of driving the liquid crystal- is
shown in Figure 25 and is similar to that used in
Embodiment 9 to 13. Unlike Embodiment 9 to 13,
Embodiment 14 to 16 matches the sum of the
retardations (An-+d)1l + (An-d)2 of the uniaxial phase-
films to the retardation (An-+d) of the drive liquid
crystal cell so as.td realize a normally closed .
characteristic, in which the transmittance increases
with the voltage applied to the liquid crystal.

[0219]

Figure 34 shows the relation between the arive
voltage Vlic and the transmittance T for Embodiment 14
to 16.

[0220]

Embodiment 14 to 16 enable a black display (low
transmittance state) when ho voltage is applied.

[0221]

When no voltage is applied, the liquid crystal
molecules are oriented in an idealiy twisted state
making the optical compensation by the uniaxial phase -
films easy. Hence, an ideal black level, i.e., the
transmittance infinitely closelto Zero, can bé_

achieved. It is therefore possible to widen the
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margin for variations in the'manufacturing process,
particularly the variation of the gap between
substrates, allowing the stable manufacture of high-
contrast products. |

[0222]

Embodiﬁent 15 and 16 enable a contrast ratio of
100 or higher and a maximum transmittance (absolute
transmittance of the panel during white display) of

4.5% for a drive voltage of 7 V. The response speed

characteristics in Embodiment 14 and 15 are combarable

to those of Embodiment 1.

[0223]

As to the relation among the retardation, the
contrast ratio and the maximum transmittance of the
drive cells, comparison between Embodiment 14 and
Embodiment 15 shows that the maximum transmittance is
improved in Embodiment 15 over Embodiment 14.
Therefore, it is desired that.the optimum retardation
be set highef than 750 nm as in Embodiment 9 to 13.

[0224]

The polarizer arrangement ¢=|Ppl-Pp2| is
preferably set close to 90 degrees.

[(0225] |

Further, as'in_Embodiment 16, by increasing the

initial twist angle to more than 90 degrees it is
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"possible to change a liquid crystal applied voltage at

which fhe transmittance starts-to increase, i.e., a
threshold voltége. Hence, the voltage amplitude
contributing to the display and ranging from the
threshold voltage to a volfage for the maximum_
transmittance can be reduced. This in turn reduces
the signal output range of the video signal driving
circuit. In other words, the video signal driving
circuit, particula:ly the signal driver used in it,
can be reduced in circuit size.

[0226]

The response speed has slightly deteriorated.

‘Embodiment 16 has a rise time of 12 ms, a fall time of

20 ms and a response time of 32 ms. These Suggest
that the initial twiét angle contributes to changing
the drive voltage that leads to the maximum
transmittance, and it is preferably set in a range
between 70 degrees and 160 degrees.

| [0227])

A cross-sectional structure, in which two phase
films FILM1, FILM2 are arranged on the upper-side
only, is shown in Figure 35. Other arrangements can
also achive characteristics similar to those of these
embodiments and they are within the scope of this

invention.
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[6228]

(Embodiment 17 to Embodiment 20)

"Embodiment 17 to 20 are examples of a
configuration using a liquid crystal material with a
negative dielectric anisotropy (Ae < 0). This.
configuration is similar to that of Embodiment 1
except for the following.

[0229]

Embodiment 17 has a configuration where a liquid
crystal material with a negative dielectric aniéotropy
(Ae < 0) is used in Embodiment 1.

[0230]

Embodiment 18 has a configuration of Embodiment
17 with the polarizing axes of the polarizers
optimized.

[02311'

Embodiment 19 has a configuration-of Embodiment
18 with the initial twist angle O optimized.

[0232]

Embodiment 20 has a configuration of Embodiment
19 with the retardation Ansd and the polarizing axes
of the polarizers optimized.

[0233] .
<<Drive Liquid Crystal Cell>>

The initial twist angle 0, initial orientation
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angles P11, P2, thickness of the liquid crystal layer
and An of the liquid crystal material used in
Embodiment 17 to 20 are shown in Table 5.

[0234]
<<Polarizer>>

The arrangements of the polarizing axes of the
polarizers used in Embodiment 17 to 20 are shown in
Table 5.

[0235]
<<Characteristics of Embodiment 17 to Embodimen£ 20>>

The principle of liquid crystal driving is shown
in Figure 36.

[0236]

In the liquid crystal'with a negative dielectric
anisotropy, the major axes of liquid crystal molecules
are reoriented in a direction perpendicular to the
electric field application direction. Thus, with.no
voltage applied, the molecules assume a state that
they are weakly twisted counterclockwise from the
substrate SUB2 to the substrate SUB1, as shown in

Figure 36(a). When a voltage is applied, the

| molecules near the central part of the liquid crystal

layer change to a strongly clockwise-twisted state,
with the molecules in the upper and lower layers near

the interfaces twisted counterclockwise.
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[0237]

By optimizing the.polarizer positions in the
weakly twisted state set up when no voltage is
applied, a desirable black level (low transmittance
state) can be'obtained, and thus the display panel
exhibits a normally closed characteristic that the
transmittance increases with the liquid crystal
application voltage.

[0238]

The relation between the drive voltage Vic and
the transmittance T in embodiment 17 to 20 is shown iﬁ
Figure 37. |

[0239]

In Embodiment 17 to 20, black display (low
transmittance state) is enabled when no voltage is
applied. Wheﬁ no voltage is applied, the liquid
crystal molecules are oriented in an ideally twisted
state making the optimization by the polarizer
arrangement easy. Hence, an ideal black level, i.e.,
the transmittance infinitely'close to zero, can be
realized. It is therefore possible to widen the
margin for variations in the manufacturing process,

particularly the variation of the gap between

substrates, allowing the stable manufacture of high-

contrast products.
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{0240}

Embodiment 20 has a contrast ratio of 100 or
higher and a maximum fransmittance {an absolute
transmittance of the panel during white display) of
4.3% for a drive voltage of 8 V. The response speed
characteristics of Embodiment 19 and 20 are slightly
slower than those of Embodiment 1, that is the rise
time is 20 ms, the fall time is 16 ms and the response
time is 36 ms.

[0241]

'As to the relation among the retardation,
contrast ratio and maximum transmittance of the drive
cells, comparison between Embodiment 14 and Emﬁodiment
15 shows that the maximum transmittance is improved in
Embodiment 20 over Embodiment 19. Therefore, it is
desired that the optimum retardatign be set higher
than 750 nm as in Embodiment 2 to 5.

[0242)

The polarizer arrangement ¢=|d1-$2| is
preferably set close to 20 degrees.

[0243]

In Embodiment 17 and 18, the response speed is
slightly slower, that is, the rise time is 40 ms, the
fall time is 20 ms and the resbonse time is 60 ms.

Further, by increasing the initial twist angle, it is

This is the replacement sheet
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possible to make a significaht improvement on the
response speed, particularly at the leading edge.
That is, the greaﬁer the initial twist angle is, the
faster the response spéed is.

[0244]

Comparison of Embodiment 18 and Embodiment 19
shows that as the initial twist angle is increased,
the resulting contrast ratio after optimizing the
pélarizer arraﬁgement deteriqrates.

[0245] |

Thus, there is a trade-off relationship between
the response speed and the contrast ratio. To achive
a good balance between these characteristics, the
initial twist angle is preferably set in a range
between 20 and 50 degrees.

[0246]

As to the arrangement of the polarizers,
comparison between Embodiment 17 and Embodiment 18
indicates that the contrast ratio and the maximum

transmittance can be improved by optimizing the

- polarizers from 90 degrees.

[0247]
In Embodiment 17 to 20 it is also possible to
enhance the contrast ratio, lower the applied voltagé

or produce a normally open characteristic by using the -
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-optical compensation liquid crystal layer and the

phase films, as in Embodiment 2 to 16. The methods
for achieving these objectives are also within the
scope of thié invention.

[(0248]
(Embodiment 21)

The configuration of Embodiment. 21 is similar to
that of Embodiment 1 except for the following.

[0249]
<<Orientation Film>>

Thé initial orientation angle Pl between the
rubbing direction of the lower substrate RDRlland the
direction of electric field EDR is set to -50 degrees
and the initial orientation angle BZ.between the
rubbing direction of the upper substrate RDRZ and the
direction of electric field EDR is set to 40 degrees
so that the upper and lower substrates are twisted 90
degrees.

[0250] |

When the liquid crystal drive electrodes (both
pixel electrode PX and counter electrode CT) are
formed on the lower substrate, the electric field
parallel to the substrate surface (lateral electric
field) is strong near the lower substrate and

progressively weaker toward the upper substrate.

Thiz is the replacemert shaet
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Hénce, the liquid crystal molecules.hear the lower
substrate are mofe easily rotatable than those close
to the upper substrate. The voltage required to
reorientate most of the liquid crystal molecules in
the liquid crystal layer in the direétion of the
electric field EDR in Embodiment 21 can be lower than
that of Embodiment 1. Embodiment 1 requires a voltage
of about 12 V to enable black display while Embodiment
21 needs only about 10 V to realize the same black
level as Embodiment 1.

[0251)

While in this embodiment f1 and P2 are set at -
50 degrees and 40 degrees, respectively, they may be
set at 50 degrees and -40 degrees to produce the same
effect. The essential configuration of Embodiment 21
is that, when the liquid crystal drive eléctrodes are
arranged only on the lower substrate, éhe condition |
[B1i>(P2| needs to be met; and that when the liquid
crystal drive electrodes are arranged only on the
upper substrate, the condition |B1li<|p2} needs-to be
satisfied.

[0252]

The configuration of Embodiment 21 is applicable
not only to Embodiment 1 but to Embodiment 2 to 20,

and these configurations are within the scope of this

This is the replacement sheet
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invention.

[0253]

[Advanfage of the Invention)

As described above, this invention provides an
active matrix type liquid crystal display dévice that
realizes as wide a viewing angle as a CRT and a
response speed fast enough to dispiay a dynamic image.
[Brief Description of the Drawings]

[Figure 1] An essential part plan view showing one
pixel and its peripheral area in the liquid cryétai
display portion of the active matrix type color liquid
crystal display device of this invention.

[Figure 2] A cross section of the pixél taken along
the line 3-3 of Figure 1.

[Figure 3] A cross section of the thin-film
transistor TFT taken along the line 4-4 of Figure 1.
(Figure 4] A cross section of the storage capacitor
Cstg taken along the line 5-5 of Figure 1.

[Figure 5] A plan view showing the configuration of a

'peripheral portion around the matrix in the display

panel.

[Figure 6] A cross section showing the scanning
signal terminal on the left side and the panel edge
portion with no external conneétion terminal on the

right side.

This is the replacement sheet
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[Figure 7] A plan view and a cross-sectional view
showing the connecting portion of the gate terminal
GTM and the gate line GL. | |

[Figure 8] A plan view and a cross-sectional view
showing the connecting portion of the drain terminal
and the video signal line DL. |

{Figure 9] A plan view and a cross-sectional view
showing the connectiﬁg po:tion of the common electrode
terminal CTM, the common bus line CB and the common
voltage line CL.

[Figure 10] A circuit diagram showing the matrix area
and its peripheral portion in the active matrix type
color liquid crystal display device of this in?entioni
[Figure 11] A waveform diagram showing drive signals
of the active matrix type color liquid crystal display
device of this invention.

[Figure 12] A top plan view showing the liquid

crystal display panel equipped with the peripheral

drive circuits.

[Figure 13] A cross-sectional view of the tape
carrier package TCP having the flexible printed
circuit board mounted with the IC chips CHI forming
the drive circuit.

[Figure 14] An essential part cross section showing

the tape carrier package TCP connected to the scan

This is the replacement sheet
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signai terminal GTM of the liquid crystal display
panel PNL.

[Figuré 15) An exploded perspective view of the
liquid crystal display module.

[Figure 16] A schematic diagram sdeing the relation
between the direction of applied electric field, the
rubbing direction, the initial orientation angle, and
the polarizing axes of the polarizers.

[Figure 17] A schematic diagram showing the action of

the liquid crystal of Embodiment 1 as seen from a

" direction perpendicular to the substrate surface.

[Figure 18] A schematic diagram showing the action of
the liquid crystal of Embodiment 1 as seen froﬁ a
cross-sectional direction.

{Figure 19] A graph showing the reiation between the
liquid crystal applied voltage and the transmittaﬁce
in Embodiment 1.

[Figure 20] A graph showing the relation between the
liquid crystal applied voltage and the rise time in
Embodiment 1.

[Figure 21] A graph showing the relation between the
liquid crystal applied voltage and the fall time in
Embodiment 1.

[Figure 22] A graph showing the relation between the

liquid crystal applied voltage and the overall
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response time in Embodiment 1.

[Figure 23] A cross section of the pixel taken along

"the line 3-3 of Figure 1 in Embodiment 2 to 8.

[Figure 24] A schematic diagram showing the relation
between the direction of applied electric field, the
rubbing diréction of the drive liquid crystal cells
and optical compensation liquid crystal cells, the
initial orientation angle, and the polarizing axes of
the polarizers.in Embodiments 2 to 8.

[Figure 25] A schematic diagram showing the action of
the liquid crystal as seen from a direction of cross
section in Embodiment 2 to 8.

[Figure 26] A graph showing the relation between thé-
liquid crystal applied voltage and the transmittance
in Embodiment 2 to 5.

[Figure 271 A graph showing the relation between the
retardation, contrast ratio and white display
transmittance of the liquid crystal cells in
Embodiment 2 to 5.

[Figuré 28] A graph showing the relation between the
polarizing axis arrangement of polarizers and the
contrast ratio in Embodiment 2 to S.

[Figure 29] A graph showing the relation between the
initial twist angle, contrast ratio and white display

transmittance of the liquid crystal cells in

This is the replacement sheet
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" -Embodiment 2 to 5.

{Figure 30] A graph showing thé relation between the

liquid crystal applied voltage and the transmittance

in Embodiment 6 to 8.

[Figure.31] A cross section of the p;xel.taken along
the line 3-3 of Figure 1 in Embodiment 9 to 13.
[Figure 32] A schematic diagram.showing the relat;on
between the direction of applied electrié fiéld, the
rubbing direction of liquid crystal cells, the gnitial
orientation angle, the polarizing axes of polarizers,
and the lagging axis of phase shifter in Embodiment 9
to 13. _
[Figure 33] A graph showing the relation'betwéen the .
direction of applied electric field and the
transmittance in Embodiment 9 to 13.

[Figure 34] A graph showing the relation between the
direction of appliéd electric field.and the
transmittance in Embodiment 14 to 16.

[Figure 35] A cross section of the pixel taken along
the line 3-3 of Figure 1 in the arrangement where the
two phase plates are both placed on the top.

[Figure 36] A schematic diagram showing the action of
the liquid crystal as seen from a direction of the
cross section in Embodiment 17 to 20.

[Figufe 37] A graph showing the relation between the

Tris is the replacement shagl
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direction of applied electric field and the
transmittance in Embodiment 17 to 20.

{Description of Réfe:ence Numerals]

SUB...Transparent glass substrate, GL...Scaning signal
line, DL...Video signal'line, CL...Counter voltage
line, PX...Pixel electrode, CT...Counter electrode,
GI...Insulating film, GT...Gate electrode, AS...i-type
semiconductor iayer/-sb...Source electrode or drain
electrode, PSV.,.Passivation layer, BM...Light
shielding film, LC...Liquid crystal, TFT...Thin-film
transistor, ¢, d...Conductive film, Cstg...Storage
capacitor, AOF...Anodic oxidized film, AO...Anodic
oxidized mask, GTM...Gate terminal, bTM...Drain
terminal, CB...Common bus line, DTM...Common electrode
terminal, SHD...Shield case, PNL...Liquid crystal
display panel, SPB...Light diffuser, LCB...Light
conductor, BL...Backlight fluorescent Eube,
LCA...Backlight case, RM...Reflector, Pl...Initial
orientation angle between the initial orientation
direction of the drive cell on the orientation film
ORI1 side and the in-plane direction of lateral
electric field EDR, BZ.;.Initial orientation angle
between the initial orientation direction of the drive
cell on the orientation film ORI2 side and the in-

plane direction of lateral electric field EDR,
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B3...Initial orientation angle between the initial
orientation direction of the_optical compensation cell
on the orientation film ORI3 side and the in-plane
direction of lateral electric field EDR, B4...initial.
orientation angle between the initial orientation
direction of the optical compensation cell on the
orientation film ORI4 side and the.in—plane direction
of lateral electric field EDR, yl...Angle between the
lagging axis of the optical compensation phase film
FILMl and the in-plane direction of latefal electric
field EDR, y2...Angle between the lagging axis of the
optical compensation phase film FILM2 and the in-plane
direction of lateral electric field EDR, RDR...Rubbing
direction of the orientation film (Subscripts are

omitted).
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‘Claims

Claim1l A liquid crystal display device
comprising:

a ﬁair of insulating substrate disposed opposite
each other;

a pair of orientation films ﬁormed over the
insulating substrates; 4

a liqﬁid crystal composition held between the
pair of orientation films;

pixel electrodes and counter electrodes to apply
a lateral electric field almost parallel to surfaces -
of the substrates; and

a pair of polarizers holding the pair of
substrates therebetween:;

wherein an initial orientation angle (1 between
an in-plane direction of the lateral electric field
and an initial orientatian direction on one
orientation film side and an initial oriéntation angle
f2 between the in-plane direction of the lateral
electric field and an initial orientation direction on
the other orientation film sidé are in the

relationship of Bl1=-p2;
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wherein an angle between the in-plane direction
of the lateral electric field and a polarizing axis of
one of the polarizers is almost zero.

Claim 2 A liquid crystal display device
comprising:

a pair of insulating substrate disposed opposite
each other; |

a pair of orientation films formed over the
insulating substrates; .

a liquid crystal composition held between Ehe
pair of orientation films;

pixel electrodes and counter electrodes to apply
a lateral electric field almést parallel to surfaces
of the substrates; and

a pair of polarizers holding the pair of
substrates therebetween; |

wherein the liquid crystal composition has a
positive dielectric anisotropy:

wherein an initial orientation angle Pl between
an in-plane direction of the lateral electric field
and an initial orientation direction on one
orientation film side ahd an initial orientatioﬁ angle
B2 between the in-plane direction of the lateral
electric field and an initial érientation direction on

the otheg orientation film side have opposite signs

A, ) This is the replacement shéet
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degrees; .

wherein an angle between the in-plape direction
of the lateral electric field and a polarizing axis of
one of the polarizers is almost zero.

‘Claim 3° A liquid crystal display device
according to claim 2, wherein 35 degrees < [f1{ < 90
degrees and 35 degrees s [P2]| < 90 degrees hold.

‘Claim 4 A liquid crystal display device,
acéording to claim 1, 2 or 3, wherein optical ;
compensation liquid crystal cells are arranged on the
upper side or the lower side of the pair of the
opposing substrates

Claim 5 A liquid crystal display device

according to claim 4, wherein in the optical optical

.compensation liquid crystal cells,. an initial

orientation angle f§3 between an in-plane diréction of
the lateral electric field and an initial orientation
direction on one orientation film side and an initial
orientation angle (4 between the in-plane direction of
the lateral electric field and an initial orientation
direction on the other orientation film side ha&e the
relationship, with respect to Pl and B2, of |B3-P4| =
1B1-B2|, and the angle P3 is élmost perpendicular to
the angle P2.
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Claim 6 A liquid crystal display device
according to claim 5, wherein a product of a
refraq;ive inde# anisotropy of the liquid crystal
composition in the optical compensation iiquid crystal
cell and a thickness of the liquid crystal layer (An- -
d)' and a product of a refractive index anisotropy of
a liquid crystal composition in a drive liquid crystal
cell and a thickness of the liquid crystal layer (An-
d) is in the relationship of
0.4 (An-d) s (An-d)' s 0.6+ (An-d)
‘Claim 7 A liquid crystal display device
aocording to claim 6, wherein an angie ¢l between a
polarizing axis of one of the polarizers and the-in-
plane direction of the lateral electric field and an
angle ¢2 between a polarizing axis of the other
polarizer and the in-plane direction of the in-plane
electric field are in the relationship of
90 degrees < l¢;-¢2| < 120 degrees
Claim 8 A liquid crystal display device
according to claim 6, wherein the angle Pl and the
angle $2 are in the relationship of
90 degrees < |f1-P2]| < 115 degrees
. Claim 9 A liquid crystal display device
according to claim 6, wherein é product of a

refracti%e index anisotropy of the liquid crystal

-
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composition and a thickness of the liquid crystal
layer (An-d) is

(An+d) 2750 nm '

Claim 10 A liquid crystal display device
according to claim 5, wherein a product of a |
refractive index anisotropy of:the liquid crystal
composition in the optical compensation liquid crystal
cell and a thickness of the liquid crystal layer (An-
d)' and a product of a refractive index anisotropy of
a liquid crystal composition in a drive liquid Erystal
cell and a thickness of the liquid crystal layer (An-
d) is in the relationship of

(An-d) = (An-d)’

jClaim.ll A liquid crystal display device
accgrding to claim 10, wherein an angle ¢1 between a
polérizing axis of one of the.polarizers and the in-
plane direction of the lateral electric field and an
angle ¢2 between a polarizing axis of the other
polarizer and the in-plane direction of the lateral
electric field are in the relationship of

[$1-Pp2] = 90 degrees

Claim 12 A liquid crystal display devicé
according to claim 10, wherein the angle B1 ana the
angle B2 are in the relationsﬁip of

70 degrees < |p1-B2] < 160 degrees

This is the replacement sheet
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Claim 13 A liquid crystal display device
according to claim 10, wherein a product of a
refractive index anisotropy of the liquid crystal
composition and a thickness of the liquid crystal
layer (An-d) is

(An-+d) 2750 nm

Claim 14 A liquid crystal display device
according to claim 1, 2 or 3, wherein optical
compensation phase films are arranged on the upger.
side, lower side or both sides of the pair of .
substrates. '

Claim 15 A liquid crystal display device
according to claim 14, wherein the optical
compensation phase films hold a cholesteric liquid
crystal therebetween.

Claim 16 A liquid crystal display device
according to claim 14, wherein two or more of the
optical compensation phase films are provided, with at
least one film arranged between one of the substrates
and tﬁe polarizer and at least one film arranged
between the other substrate and the polarizer.

Claim 17 A liquid crystal display device
accordiﬁg to claim 16, wherein an angle y1 betweeﬁ one
phase lagging axis of the optiéal compensation phase

films ang an in-plane direction of a lateral electric

-
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field, and an angle y2 between the other phase lagging
axis and the in-plane direction of the lateral
elect;ic field are
¥yl = f1/2 and y2 = B2/2
‘Claim 18 A liquid crystal display device
according to claim 17, wherein the sum of products
(An+<d)n of a refrac;ive index anisotropy and a
thickness of a liquid crystal composition in the
optical compensation phase films, and a product. (An-
d) of a refractive index anisotropyiand a thickﬁess of
a liguid crystal composition of drive liquid crystal
cells are in the relationship of
04-(bn-d)< Y (A-d)n < 0.6-(An-d)
=l
Claim 19 A liquid crystal display device
accbrding to ciaim 18, wherein an angle ¢1 between a
polarizing axis of one of the polarizers and the in-
plane direction of the lateral eléétric field and an
angle:¢2 between a polarizing axis of the other
polarizer and the in-plane direction of the lateral
electric field are in the relationship of
90 degrees < |$p1-Pp2| < 120 degrees
Claim 20 A liquid crystal display device
according to claim 18, wherein.the angle Bl and the

angle ﬂZJare in the relationship of

- o
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90 degrees < |P1-P2| < 115 degrees
Claim 21" A liquid crystal display device
'according to claim 18, wherein a producp of a
refractive index anisotropy of the liquid crystal
5 composition and a thickness of the liquid crystal
layer (An-d) is
(An-d) 2750 nm
Claim 22 A liquid crystal display device
according to claim 17, wherein the sum of products
10 (An-d)n of a refractive index anisotropy and a;
thickness of a liquid crystal composition in the
opticél compeﬁsation phase films, and a product (An-
d) of a refractive index anisotropy and a thickness 6f
a liquid crystal composition of drive liquid crystal
15 cells are in the relationship of

>.(A-dn = (An-d)

i=l

Claim 23 A liquid crystal display device
accorqing to claim 22, wherein an angle ¢l between a
polariziné axis of one of the polarizers and the in-

20 plane direction of the lateral electric field and an

angle $2 between a polarizing'axis of the otheri
polarizer and the in-plane direction of the lateral

electric field are in the relationship of

|¢1§¢2| = 90 degrees-
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Claim 24 A liquid crystal display device
according to claim 22, wherein the angle 1 and.thg
angle B2 are in the relationship of |

70 degrees < |[B1-f2] < 160 degrees

Claim 25 A liquid crystal display device
according to claim 22, wherein a product of a
refractive index anisotropy of the liquid crystal
composition and a thickness of the liquid crystal
layer {(An-+d) is

(An+d} 2750 nm .

‘Claim 26 A liquid crystal dispiay device
according to claim 14, wherein two or more of the
optical compensation phase films are provided, with at
least two films arranged between one of the substrates
and the polarizer.

Claim 27 A liquid crystal display device
comprising:

a pair of insulating substrate disposed opposite
each other;
é pair of orientation films formed over the
insulating substrates;
- a liquid crystal composition held between.the
pair of orientation films;
pixel electrodes and coﬁﬂter electrodes to apply

a laterq} electric field almost parallel to surfaces

T s 1o the replacement sheet
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of the substrates; and

a pair of polarizers holding the pair of
subst;ates therebetween; :

wherein the liquid crystal composition has a
negative dielectric anisotropy:; |

wherein an initial orientation angle Pl between
an in-plane direction of the laterallelectric field
and an initial orientation direction on one
orientation film side and an initial orientation angle
f2 between the in-plane direction of the laterai
electric field and an initial orientation direction on
the other orientation film side have opposite signs
and are in the relationship of

0 degree < |Pl] < 55 degrees and 0 degree < |f2|
£ 55 degrees;

~ wherein an angle between the in-plane direction
of the lateral electric field and a polarizing axis of
one of the polarizers is almost zero.

Claim 28 A liquid crystal display device
according to claim 27, whgrein an angle ¢1 between a
polarizing axis of one of the polarizers and the in-
plane direction of the lateral electric field and an
angle ¢2 between a polarizing axis of the other
polarizer and the in-plane diréction of the lateral.

electriczfield are in the relationship of

RN ML ? S 1 the replacement shoo
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90 degrees < |$1-$2| < 120 degrees

Claim 29 A liquid crystal display device
accorqing to claim 27, wherein the angle.ﬁl and the
angle.ﬂz are in the relationship of

20 degrees < |f1-f2{ < 50 degrees

‘Claim 30 A liquid crystal display device
according to claim 27, wherein a product of a
refractive index anisotropy of the liquid crystal
composition and a thickness of the liquid crystal"
layer (An-d) is |

(An-d) 2750 nm

Claim 31 A liquid crystal display device
according to claim 27, further comprising a pair of
opposing insulating substrates, a pair of orientation
films formed on the substrates to orientate a liquid
crystal composition, and optical compensation liquid
crystal cells holding the liquid crystal composition
between the pair of orientation films.

Claim 32 A liquid érystal display device
according to claim 27, further comprising optical

compensation phase films.
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ACTIVE MATRIX TYPE LIQUID CRYSTAL DISPLAY DEVICE

.[Designation of Document] Abstract.
{Abstract]

~ [Problem] To provide an active matrix type
liquid crystal display device in which the image
display is controlled by an electric field parallel_to.
the substrate surface, and which is capable of
realizing a wide viewing angle comparable to that of a
CRT and a response speed fast enough to display a
dynamic image. a

[Means.for Solvinq-fhe Problem] A liquid crystal

disélay device which comprises a pair of insulating
substrate so disposed as to face each other; a pair of
orientation films formed over the insulating
substrates; a liquid crystal composition held between
the pair of érientation films; and pixel electrodes
‘and counter electrodes to apply a lateral electric
field almost parallel to surfaces of the substrates;

wherein an initial orientation direction on one

orientation film side and an initial orientation

direction on the other orientation film side are line-
symmetric with respect to the direction of the lateral
electric field.

[Effect] The liquid crystal display device of
lateral electric field type has a fast response speed
that allows dispiay of a dynamic image.

[Selected figure] Figure 1
- This is the replacement sheet
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