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TITLE OF THE INVENTION

LIQUID CRYSTAL DISPLAY DEVICE WITH WIDE VIEWING

ANGLE CHARACTERISTICS

The present invention relates to a liquid crystal
display device and, more particularly, to a liquid
crystal display device with wide viewing angle

characteristics of the active matrix system using

Active matrix liquid crystal display devices
using active elements as represented by thin-film
transistors (TFT) have now been widely used as display
terminals of OA equipment since they are light in’

weight and have a high picture quality equivalent to

5 BACKGROUND OF THE INVENTION
(1) Field of the Invention
10
thin-£film tran31stors.
(2) Description of the Prior Art
15
that of cathode~ray tubes.
20

The display system of the liquid crystal display
devices can be roughly divided into two. One is a
systeﬁ in which liquid crystals are sandwichéd by two
substrates having transparent electrodes and are driven

by a voltage applied to the transparent electrodes, and

25 light incident upon the liquid crystals and transmitted
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The present invention relates to a liquid crystal di spl ay devi ce and,

nore particularly, toaliquid ¢ crystal display device with w de
viewi ng angle 10 characteristics of the active matrix system using
thin-filmtransistors. (2) Description of the Prior Art

~Active matrix liquid crystal display devices 15 -using active elenents as
represented by thin-film transistors (TFT) have now been w dely used
as di spl ay term nals of QA equi pnent since they are light in

wei ght and have a high picture quality equivalent to
through the transparent electrodes is modulated to

achieve displéy. All of the products that are now
available are based upon this system. Another one is a
system in which liquid crystals are driven by an

5 electric field which is nearly in parallel with the
surface of a substrate between two electrodes that are
formed on the same substrate, and light incident upon
the liquid crystals through a gap between the two
electrodes is modulated to provide display. Though no

10 product which is based upon'this system has yet been
provided, it has a feature of a very wide viewing angle
and a promising art in connection with active matrix
liquid crystal display'deviCes.

Features Of the latter system have been disclosed

15 in, for example, Japanese Patent Laid-Open No.

505247/1993; Japanese Patent Publication No. 21907/1988

and Japanese Patent Laid-Open No. 160878/1994.

SUMMARY OF THE INVENTION
20 A first problem that is to be solved by the
present invention will be described below.
in a conventional liquid crystal display device
of the latter system, an electric field which is
substantially in parallel with the surface of the

25 substrate is generated via thin-film electrodes having

This Sheet Has Been R eplaced

B[]



t hat of cathode-ray tubes. 20 The display systemof the Iiquid
crystal display devi ces can be roughly divided into two. One is a
systemin which liquid crystals are sandw ched by two substrates
having transparent electrodes and are driven by a voltage applied to
the transparent el ectrodes, and 25 i ght incident upon the liquid
crystals and transmtted -2

thicknesses of about several thousand angstroms, making
it difficult to effectively generate the electric field
in the liquid crystal layer compared with the former
system. |

5 Therefore, an electric field stronger than that
of the former system must be generated between the
electrodes, resulting in an increase in the consumption
of electric power and making it necessary to employ, as
a driver unit, an LSI having an increased breakdown

10 voltage.

A second problem is that in the former system, a
metai material having good light-shiglding property has.
been used as a black matrix (light-shielding film) that
covers the portions where undesired light passes

15 through. When this metal material is used for the
latter system, however, the electric field between the
electrodes is absorbed by the black matrix, making it
difficult to generate an effective electric field
between the electrodes.

20 A third problem is that in the former system, the
electric field from a video signal line is absorbed by
a couﬁter electrodé that is formed on nearly the whole
surface of a substrate opposed to the substrate on
which the video signal line is formed, and the electric

25 field formed by the video signal line does not affect
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t hrough the transparent electrodes is nodulated to achi eve di spl ay.

Al'l of the products that are now avail abl e are based upon this
system Another one is a systemin which liquid crystals are driven
by an 5 electric field which is nearly in parallel with the surface
of a substrate between two el ectrodes that are fornmed on the sane
substrate, and light incident upon the liquid crystals through a gap
bet ween the two el ectrodes is nodul ated to provide display. Though no
10 product which is based upon this system has yet been provi ded,

It has a fealute® dllectri® ¥iW18C c¥tEML 19h8d BEtween the electrodes.
In the latter system in which no electrode exists on
the substrate opposed to the substrate on which the
video signal line is formed, however, the electric

5 field formed by the video signal line affects the
electric field established between the electrodes,
giving rise to the occurrence of crosstalk
(particularly in the vertical direction of the screen)
in whiqh video information of other rows affect the

10 display and, hence, appearance of striped image called
vertical smear. | |

A fourth problem is that in the latter system in

which the counter eleétrode can be formed linearly, the
resistance of the counter electrode from the input end

15 to the other end thereof becomes very larger than that _
of when the counter electrode is formed in a planar
shape in the former system. Therefore, the counter
voltage is not sufficiently fed to the terminal.pixels;
and the counter voltage is distorted by the video

20 signals due to the capacitance at a portion where the
counter voltage signal line intersects the video signal
line,.resulting in the occurrence of crosstalk
(particularly, in the horizontal direction of the
screen) and appearance of striped image called lateral

25 smear.
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and a promsing art in connection with active matrix

liquid crystal

di spl ay devi ces. Features of the latter system have been
di scl osed 15 in, for exanple, Japanese Patent Laid-COpen No.

505247/ 1993, Japanese Patent Publication No. 21907/ 1988

and Japanese

Pat ent Lai d- Open No. 160878/ 1994. SUMVARY OF THE | NVENTI ON 20
A first problemthat is to be solved by the present invention wll be
descri bed bel ow. In a conventional liquid crystal display device

of the latter system an electric field which is
paral lel with theassifenepebbléf is that in the latter

substantially in

10

15

20

25

conventional system in which the pixel electrode PX and

the counter electrode CT are arranged on the same

-substrate, the opening area that contributes to the

display decreases by the amount corresponding to the
arrangement of the countér voltage signal line CL
compared with that of the former conventional system.

Moreover, an increase in the number of
intersecting points of the wirings arranged in the form
of a matrix results in increased chances of short-

circuiting among the wirings and in an increase in the

parasitic capacitance among the signal lines, hindering -

smooth transfer of signals.

Besides, while the pixel electrode PX in the
former system has a planar shape, the pixei electrode
PX of the latter system has a narrow strip shape or a
line shape, often causing pixels to become defective
due to disconnection of the line.

A sixth problem is that the latter conventional
system may employ an AC driving method to apply an AC
voltage to the liquid crystal layer, e.g., an AC
driviﬁg method which inverts a drive voltage applied to
the liquid crystal layer after every horizontal

scanning interval. In this case, when a pulse voltage

is applied to the counter voltage signal line CL having
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25 substrate is generated via thin-filmelectrodes having.

3 t hi cknesses of about several thousand angstrons, mnaking It
difficult to effectively generate the electric field in the liquid
crystal |ayer conpared with the forner system

a resistance R and a capacitance C, the pulse voltage
is distorted. Hereinafter,lthe sixth problem will be
described with reference to Figs. 25 and 26.

Fig. 25 is a diagram of an equivalent circuit of

5 a transmission passage for transmitting a drive voltage
applied to the counter voltage signal line CL in a
liquid crystal display device of the latter system, and
Fig. 26 is a diagram showing waveforms of a drive
voltage applied to the counter eledtrode CT at each of

10  the points.

The transmission passage for transmitting a drive
voltége applied to the counter electrode CT includes
chiefly resistors 50 of the counter voltage signal line
CL, a resistor 51 of a common bus line CB between a

15 common voltage driver unit 52 and the counter voltage
signal line CL, and storage capacitors 53 in the
pixels. Therefore, when a liquid crystal layer is
driven by an AC drive voltage, the waveform of the
drive voltage (pulse voltage) fed to the counter

20 - electrode CT from the common voltage driver unit 52 of
a common voltage generator and driver unit 103 is
distofted.

As will be understood from a counter voltage
waveform 54 at point D, a counter voltage waveform 55

25 at point E, a counter voltage waveform 56 at point F
A —
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5 Therefore, an electric field stronger than that of the

former system nust be generated between the el ectrodes, resulting in
an increase in the consunption of electric power and meking it
necessary to enpl oy, as a driver unit, an LSI having an increased
breakdown 10 voltage. A second problemis that in the former
system a netal material having good |ight-shielding property has
been used as a black matrix (light-shielding film that covers the

portions where undesired |ight passes 15 through. Wen this netal

material is usRfl § Youdner voltab8!Wisbefdih ¥ LO%YHL d Rhcthtihric field

bet ween t he
Fig. 26, the distortion of waveform of the drive

voltage fed to the counter electrode CT increases with
an increase in the distance, from point D, to point G.

5 As a result, the electric field between the pixel
electrode PX and the counter electrode CT in the pixels-
differs, irregular brightness (irregular display)

- occurs along the countei voltage signal line CL, and
the display quality of the liquid crystal display panei

10 is impaired.

This becomes a serious problem particularly when
there is employed an AC drive system which inverts the
drive voltage applied to the liquid crystal layer after
every horizontal scanning interval. _

15 When the counter voltage signal line CL is_bfoken
even at one place, furthermore, it is impossible to
drive the liquid crystals since the drive voltage is no
longer fed to the counter electrode CT of the pixels
after the broken portion, impairing the display quality

20 of the liquid crystal display panel.

According to the constitution of the prior art,
furthérmore, the thickness differs by a thickness of
the signal line depending upon the portions where the
video signal line DL and the scanning signal line GL

25 are led out and the portions where such signal lines

e
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el ectrodes is absorbed by the black matrix, making it - difficult to

generate an effective electric field bet ween the el-ectrodes. 20

A third problemis that in the fornmer system the electric field from
a video signal line is absorbed by a counter electrode that is forned
on nearly the whole surface of a substrate opposed to the substrate
on which the video signal line is formed, and the electric 25

field fornmed by the video signal |ine does not affect

are not led out. Therefore, the gap becomes irregular
in the whole panel impairing the display quality of the
liquid crystal display panel.

The object of the present invention is to provide

5 a liquid crystal display device of high picture quality
that can be efficiently fabricated, that is powered on
a low voltage and consumes small amounts of electric
power, and has wide viewing characteristics as a result
of solving the above-mentioned problems inherent in the
10 prior art.
- Description of representatives of the invention
disclosed in this specification is as follows.

Means for solving the above-mentioned first to

fdurth problems will be described below.
15 Means 1.

A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liguid crystal layer sandwiched by the pair of
substrates, a pixel electrbde and a counter electrode

20 formed between one of the substrates and the liquid
crystal layer, in order to change the light
transﬁission factor or the light reflection factor of
the liquid crystals by use of an electric field which
is established between the pixel electrode and the

25 counter electrode and has a component in parallel with
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4

the electric field established between the el ectrodes.
the latter systemin which no el ectrode exists on
opposed to the substrate on which the video signal line is forned,

t he substrate

In

however, the electric 5 field formed by the video signal line affects

the electric field established between the el ectrodes,
rise to the occurrence of crosstalk

direction of the screen)

10

15

20

25

the one substrate, wherein the dielectric constant
anisotropy Ae and the effective thickness deff of the
liquid cryétal layer, the width Wp of the pixel
electrode in the lateral direction, the width Wc of the
counter electrode in the lateral direction, and the gap
L between the pixel electrode and the counter electrode
satisfy the following reiationships, |

Ae > 0, 2.8 um < deff < 4.5 um,

1.2 x deff < Wp < L/1.2, and 1.2 x.deff < Wc <

L/1.2
Means 2.

A liquid crystal display device having a pair of
substrates at least one of ﬁhich'is trahsparent, a
liquid crystal layer sandwiched by the pair of
substrates, a pixel electrode and a counter electrode
formed between the one of the substrates and the liquid
crystal léyer, in order to change the light
transmission factor or the light reflection factor of
the liquid crystals by use of an electric field which
is established between the pixel electrode and the
counter eleétrode and has a component in parallel with
the oﬁe substrate, wherein the dielectric constant
anisotropy Ae and the effective thickness deff of the
liquid crystal layer, the width Wp of the pixel

electrode in the lateral direction, the width Wc of the
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in which video information of other rows affect the 10 display and,

hence, appearance of striped inage called vertical snear. A
fourth problemis that in the latter systemin whi ch the counter

el ectrode can be formed linearly, the resi stance of the counter

el ectrode fromthe input end 15 to the other end thereof becones very

| ar ger than that of when the counter electrode is fornmed in a planar
shape in the former system Therefore, the counter. vol tage i s not
sufficiently fed to the term nal pixels, and the counter voltage is

\C/ivlni Ce)r t ﬁg by cbiifit¥ d6Pectfbde SiK S 1R diGceRRRA, [ aAACLAE gapOrtion

L between the pizel electrode and the counter electrode
satisfy the following relationships,
Ae < 0, 4.2 pﬁ < deff < 8.0 ym
5 1.2 x deff < Wp < L/1.2, and 1.2 x deff < Wc <
L/1.2
Means 3.
A liquid crystal display device having a pair of
substrates at least one of which is transparent, a.

10 liquid crystal layer sandwiched by the pair of
substrates, a pixel electrode and a counter electrode
formed between one of the substrates and the liquid
crystal layer, whereby pixels are formed such that the
light transmission factor or the light reflection _

15 factor of the liquid crystals is changed by an electric
field which is established between the pixel electrode
and the counter electrode and has a component in
parallel with the one substrate, and forming a black
matrix surrounding the pixéls on a plane, wherein the

20 black matrix is made of an insulating material.

Means 4.

A liquid crystal dlsplay dev1ce having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

25 substrates, a video signal line, a drain electrode, a
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counter voltage signal line intersects the video signal i ne,

resulting in the occurrence of crosstalk (particularly, in the
hori zontal direction of the screen) and appearance of striped image
called lateral 25 snear. 5

pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, and a counter electrode, that are’
formed between one of the substrates and the liquid

5 crystal layer, whereby pixels ére formed such that the
light transmission factor or the light reflection
factor of the liquid crystals is changed by an electric
field which is established between the pixel electrode
and the counter électrode and has a component in

10 parallel with the one substrate, wherein the counter
electrodes of adjacent pixels are positioned oh both
sides of the video signal line, and the widths of the
counter electrodes'aré not smaller than one-half the
width of fhe video signal line.

15 Means 5.
. Ih the means 4, the counter electrode is made of
an anodizable metal, and a self-anodized film of this
metal covers the counter electrode.
Means 6.

20. In the means 5, the counter electrode is méde of
aluminum.
Means.7.

In the means 5, the counter electrode is formed

simultaneously with the gate signal line which is made

25 of a metal layer having anodized surface.
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Afifth problemis that in the latter conventional systemin which
t he pi xel el ectrode PX and the counter electrode CT are arranged on
t he sane substrate, the opening area that contributes to the 5

di spl ay decreases by the ampunt corresponding to the arrangenent of
t he counter voltage:signal line CL conmpared wi th that of the forner
conventional system Moreover, an increase in the nunber of

i ntersecting points of the wirings arranged in the form 10 of a matrix
results in increased chances of short- circuiting anong the wirings
and in an i ngf&aae d.n the parasitic capacitance anong the signa

| i nes, hindering

A liquid crystal display device having a pair of
| substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of
5 substrates, a video siQnal line, a drain electrode, a
pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, a gate signal line connected to a
gate electrode which turns the thin film transistor on,
10 and a counter electrode to which a counter voltage is
applied via a counter voltage signal line, which are
formed between one of the substrates and the liquid
crystal layer, whereby pixels are formed such that the
light transmission factor of the liquid crystals is
15 changed by an electric field which is established
between the pixel electrode aﬁd the counter electrode .
and ﬁas a component in parallel with the surface of the
one substrate, wherein the gate signal line is made of
a metal layer having anodlzed surface, and the counter
20 voltage signal line is made of the same material as
that of the gate signal line.
Means.9.

In the means 8, the counter voltage signal line

is made of aluminum.
This Sheet Has Been Rep
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snoot h transfer of signals. Besi des, while the pixel electrode
PXin the 15 former system has a pl anar shape, the pixel electrode

PX of the latter systemhas a narrow strip shape or a l'ine shape,
of ten causing pixels to becone defective due to di sconnection of the
l'i ne. A sixth problemis that the latter conventional 20
system may enploy an AC driving nethod to apply an AC ~ voltage to the
liquid crystal layer, e.g., an AC driving nmethod which inverts a
drive voltage applied to the liquid crystal layer after .every
hori zont al a2 e ddaiise '8y Alche! Bohhitér COSEradd edli gl S/ Ol t 20€

and the gate signal line ére formed through the same

step.

Means 11.

5 A liquid crystal display device having a pair of

substrates at least one of which is transparent, a
liquid crystal léyer sandwiched by the pair of
substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from

10 the video signal line via the drain electrode and a
thin film transistor, a gate electrode for turning the
thin film transistor on, a counter electrode to which a
counter voltage is applied via a counter voltage sign;l
line, and'a storage capacitor formed by superposing

15 part of the pixel electrode on part of the counter
voltage signal line via an interlayer insulating film,
which are formed between one of the substrate and the
liquid crystal layer, whereby pixels are formed such
that the light transmission factor of the liquid

20 crystals is changed by an electric field which is
established between the pixel electrode and the counter
electfode and has a component in parallel with the
surface of the substrate, wherein the counter voltage
signal line is made of aluminum having anodized

25 surface.
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25 Is applied to the counter voltage signal Iine CL having
6

di storted. Hereinafter,
reference to Figs. 25 and 26.

a resistance R and a capacitance C, the pul se voltage
the sixth problemw || be described with

Fig. 25 is a diagram of an

equi val ent circuit of

10

15

20

25

Means 12.

A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of
substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, a gate electrode for turning the
thin film transistor on, and a counter electrode to
which a counter voltage is applied via a counter
voltage signal line, which are formed between the one
substrate and the liquid crystal layer, whereby pixels
are formed such that the light transmission factor of
the liquid crystals is changed by an electric field
which is established between the pixel electrode and
the counter electrode and has a component in parallel
with the substrate, wherein a common bus line is
provided to connect in common the counter voltage
signal lines of the plurality of pixels, and the common
bus line has a multilayer structure of two or more
conductive layers.

Means'13.

In the means 12, the common bus line is made up

of a conductive layer of the same material as that of

the gate electrode and a conductive layer of the same

R
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5 a transm ssion passage for transmtting a drive voltage applied to
the counter voltage signal line CLin a liquid crystal display device
of the latter system and Fig. 26 is a diagram show ng wavefornms of a
drive vol tage applied to the counter electrode CT at each of 10

t he points. The transm ssion passage for transmtting a drive
vol tage applied to the counter el ectrode CT incl udes chiefly
resistors 50 of the counter voltage signal line CL, a resistor 51 of
a common bus line CB between a 15 common voltage driver unit 52 and the

counter volt gfterial a8l ¢hat bENenElviddd SiQiADe HAPAGEAL thedd i N the
conductive layers are formed simultaneously with the
formation of the gate electrode and the video signal
line.

5 In order to solve the above-mentioned fifth
problem according to the present invention, the counter
voltage signal line and the drain electrode are used in
common by two pixels adjacent to each other in the
direction of column, and the storage capacitor is

10 formed in a part of the counter voltage signal line.
Means 14.

A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

15 substrates, a video signal line, a drain électrode, a
pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, a gate electrode for turning the
thin film transistor on, a counter electrode to which a

20 counter voltage is applied via a counter voltage signal
line, and a storage capacitor formed by superposing
part 6f the pixel electrode on part of the counter
voltage signal line via an interlayer insulating film,
which are formed between the one of the substrates and

25 the liquid crystal layer, whereby pixels are formed
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pi xel s. Therefore, when a liquid crystal layer is driven by an AC
drive voltage, the waveform of the drive voltage (pulse voltage) fed
to the counter 20 el ectrode CT fromthe common vol tage driver unit 52 of
a comon vol tage generator and driver unit 103 is distorted.

As will be understood froma counter. voltage wavef orm 54 at point D,
a counter voltage waveform55 25 at point E, a counter voltage waveform
56 at point F

-

such that the light transmission factor of the liquid
crystals is changed by an electric field which is
established between the pixel electrode and the counter
electrode and has a component in parallel with the |

5 substrate, wherein the scanning signal lines connected
to the gate electrodes and the counter voltage signal
lines connected to the counter electrodes are arranged
in parallel in a first direcﬁion of the plurality of
pixels that are arranged in the form of a matrix, and

10 the video signals connected to the drain electrodes are
arranged in parallel in a second direction, and wherein
the counter voltage signal line is used in common by
two pixels adjacent to each other in the second
direction. |

15 Means 15.

In the meaﬁs 14, fhe gate electrodes, scanning

signal lines and thin-film transistor elements of the *
two pixels adjacent to each other in the direction of
column are so arranged as to be opposed to each other,

20 the drain electrodes are used in common by the two
pixels, and the wirings from the drain electrodes to
the video signal lines are arranged between the
opposing scanning signal lines.
Means 16.

25 In the means 15, the thin-film transistors are
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7

Fig. 26, the distortion of waveform of the drive

and a counter voltage waveform 57 at point G shown in

vol tage fed to the

counter electrode CT increases with an increase in the distance, from
point D, to point G 5 As a result, the electric field between the
pi xel el ectrode PX and the counter electrode CT in the pixels
differs, irregular brightness (irregular display) occurs along the
counter voltage signal line CL, and

10

15

20

25

formed along the scanning signal line -in such a way
that the plurality of the thin-film transistors are
connected to the pixel electrodes in a pixel.

Means for solving the above-mentioned sixth
problem will be described below.

Means 17.

A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of
substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transiétor, a gate signal line connected to a
gate electrode for turning the.thin film transistor on;
and a counter electrode to which a counter voltage is
applied via a counter voltage signal line, which are
formed between one of the substrates and the liquid
crystal layer, whereby pixels are formed such that the
light transmission féctor of the liquid crystals is
changed by an electric field which is established
between the pixel electrode and the counter electrode
and hés a component in parallel with the substrate,
wherein the ends on both sides of the counter voltage
signal line are connected to a common bus line and are,

further, connected to a common voltage generating and
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the display quality of the liquid crystal display panel 10 I's inpaired.

Thi s becones a serious problemparticularly when there is enployed an
AC drive systemwhich inverts the drive voltage applied to the liquid
crystal |ayer after every horizontal scanning interval. 15
When the counter voltage signal line CL is broken even at one pl ace,
furthernore, it is inpossible to drive the liquid crystals since the
drive voltage is no | onger fed to the counter electrode CT of the
pixels ~after the broken portion, inpairing the display quality 20
of the "qw<%f§aﬁﬁphegh§9'ay panel

Means 18.

In thé means 17, thickness adjustment patterns
are provided on the non-display area of one of the
5 substrates, and the thickness adjustment patterns are
made of the same material and have the same thickness
as that of the common bus line.
Means 19.
In the means 17 or 18, a thickness adjustment
10 film made of the same material and having the same
thickness as that of the gate electrode is provided
over or under the common bus line in the non?
intersecfing areas except the areas where the common
bus line intersects the gate signal line or the video
15 signal line and except the areas where the common bus
line is connected to the counter voltage signal line.
Means 20.
In the means 17 or 18, a thickness adjustment
film made of the same material and having the same
20 thickness as that of the drain electrode is provided
over or under the common.bus line in the non-
interéecting areas except the areas where the common
bus line intersects the gate signal line or the video
signal line and except the areas where the common bus

25 line is connected to the counter voltage signal line.
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According to the constitution of the'prior art, furthernore, the

t hi ckness differs by a thickness of the signal line depending upon
the portions where the video signal line DL and the scanning signal
line G 25 are led out and the portions where such signal |ines

8 are not led out. Therefore, the gap becones irregul ar

According fo the constitution of means 1, when a
liquid crystal composition having positive dielectric
constant anisotropy is used, it is possible to obtain a
transmission characteristic little depending upon the

5 wavelength in the birefringence mode, i.e., to obtain
good white display, and to apply an electric field
component to the liquid crystal layer in parallel with
the substrate, which is muéh stronger than the
component of the electric field in the direction

10 perpendicular to the substrate. It is therefore
possible to utilize the most efficient transmission
state ehabling the voltage between the pixel'electfode
and the counter electrode to be efficiently converted
into the component in the direction in parallel with

15 the substrate without raising the voltage for driving
the liquid crystal.

Accofding to the constitution of means 2, when a
liquid crystal compoéition having negative dielectric
constant anisotropy is used, it is possible to obtain a

20 transmission characteristic little depending upon the
wavelength in the birefringence mode, i.e., to obtain
good ﬁhite display, and to apply an electric field
component to the liquid crystal layer in parallel with
the substrate, which is much stronger than an electric

25 field component in the direction perpendicular to the
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in the whole panel inpairing the display quality of the liquid

crystal display panel. The object of the present invention is to
provide 5 a liquid crystal display device of high picture quality

that can be efficiently fabricated, that is powered on a | ow vol t age
and consunes smal |l anobunts of electric power, and has w de view ng
characteristics as a result of solving the above-nenti oned- probl ens

i nherent in the 10 prior art. Description of representatives
of the invention disclosed in this specification is as foll ows.

Means for solyag-L0g. abpye; ephiPOESkd ig¥sitle to utilize the

most efficient transmission state enabling the voltage
between the pixel electrode and the counter electrode
to be efficiently converted into the one in the

5 direction in parallel with the substrate without
raising the voltage for driving the liquid crystal.

According to the constitution of means 3, it is

possible to eliminate the effect upon the electric
field between the pixel.electrode and the counter

10 electrode because the black matrix is constituted by an
insulating material. The black matrix cuts off the
effect upon the electric field between the pixel
electrode and the counter eiectrode enabling the
distance to be decreased among the electrodes. It is

15 therefore allowed to increase the aperture ratio, and
to effectively apply an electric field component in
parallel with the surface of the substréte to the
liquid crystal layer without raising the voltage for
driving the liquid crystals.

20 According to the constitution of means 4, the
lines of electric force from the video signal line can
be abéorbed by the counter electrodes that are located
on both sides thereof, making it possible to prevent
the occurrence of so-called crosstalk. In this case,

25 the lines of electric force from the video signal line
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fourth problens will be described below. 15 Means 1. Aliquid

crystal display device having a pair of ° substrates at |east one of
which is transparent, a liquid crystal |ayer sandw ched by the pair
of substrates, a pixel electrode and a counter electrode 20 forned
bet ween one of the substrates and the |iquid crystal layer, in order
to change the |ight transm ssion factor or the light reflection
factor of the liquid crystals by use of an electric field which

i s established between the pixel electrode and the 25 counter el ectrode
and has a-<“”3¥§“€ﬂudﬂ1ypﬂﬁﬁhhéh Byt £he counter electrodes on both

sides each by 50%; i.e., 100% of the lines of electric
forcé are absorbed in total.

According to the constitution of means 5, short-

5 circuiting is prevented from occurring even when the
counter electrodes on both sides are brought as close
to each other as possible or even when they are
arranged to intersect with the video signal line. This
makes it possible to inérease the aperture ratio.

10 According to the constitution of means 6, the
counter electrodes have a small-reéistance. Therefore,
a nearly uniform and stable current flows through the
counter electrodes, and the counter voltage is

- sufficiently transmitted even to the pixels at the

15 términals, making it'possible to further heighten the
effect of means 4.

According to the constitution of means 7, it is
possible to obtain the effect of means 5 without
increasing the number of steps of production.

20 According to the constitution of means 8, it is
possible to decrease the probability of short-
circuiting at the areas where the counter voltage
signal line intersects the video signal line.

According to the constitution of means 9, the

25 counter voltage signal line has a small resistance and
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9 the one substrate, wherein the dielectric constant _
ani sotropy [err]s and the effective thickness deff of the liquid
crystal layer, the width W of the pixel el ectrode in 'the | ateral
direction, the width W of the 5 counter electrode in the |ateral
direction, and the gap :

a nearly uniform and stable current flows through each

of the counter electrodes. Therefore, a counter

voltage is sufficiently transmitted to the pixels even

at the terminals making it possible to achieve uniform
5 pixel display.

According to the constitution of means 10, the
effect of means 7 is gained without increasing the
number of production steps. .

According to the constitﬁtion of means 11, the

10 electrode of the lower side formed via an igterlayer
insulating film is made of aluminum having an anodized
surface, making it possible to form a storage capacitor
iittle permitting the occurrence of troubles that are

. caused by point defects due to so-called whiskers.

15 According to the constitution of means 12, it is
possible to decrease the resistance without increasing
the width of the common bus line and to apply a
sufficiently large voltage up to the ends of the
counter electrodes. This makes it possible to decrease

20 érosstalk (particularly, cfosstalk in the horizontal
direction of the screen) that is caused by distortion
of thé counter voltage according to the video signals.

According to the constitution of means 13, it is
possible to obtain the effect of means 12 without

25 increasing the number of steps of production.
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L between the pixel electrode and the counter el ectrode satisfy the

follow ng rel ati onshi ps, [err]s > 0, 2.8 [err]m< deff < 4.5
[err]m 1.2 x deff < W < L/1.2, and 1.2 x deff < W < 10
L/1.2 Means 2. A liquid crystal display device having a
pair of substrates at | east one of which is transparent, a

liquid crystal |ayer sandwi ched by the pair of 15 substrates; a pixel

el ectrode and a counter el ectrode fornmed between the one of the
substrates and the |iquid crystal layer, in order to change the |ight

According to the constitution of means 14, the

gate signal lines GL connected to the gate electrodes
GT and the counter voltage signal lines CL connected to
the counter electrodes CT are arranged in parallel in

5 the direction of row of a plurality of pixels arranged
in the form of a matrix, the counter voltage signal
line CL is used in common by the two pixels adjacent to
each other in the direction of column, and the video
signal lines DL connected to the drain electrodes SD2

10 are arranged in parallel in the direction oﬁ column, in
order to decrease the parasitic capacitance among the
wirings, to increase the production yield, to ensure
the openings in the pixels and to decrease the
resistances of the counter'volﬁage signalllines CL.

15 According to the constitution of means 15, the
gate.electrodeé GT, gate signal lines GL and thin-film
tranéistor elements of two pixels adjacent to each
other in the direction of column in the constitution of
means 14 are so érranged as to be opposed to each

20 other, the drain electrode SD2 is used in common by the
two pixels, and the wiring from the drain electrode SD2
to thé video signal line DI, is arranged between the
opposing gate signal lines GL, in order to decrease the
parasitic capacitance among the wirings, to increase

25  the production yield, to ensure the openings in the
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transm ssion factor or the light reflection factor of the liquid
crystals by use of an electric field which 20 I s established between the
pi xel el ectrode and the counter el ectrode and has a conponent in
parallel wth the one substrate, wherein the dielectric constant
ani'sotropy [err]s and the effective thickness deff of the l'iquid
crystal layer, the wwdth Wb of the pixel 25 el ectrode in the | ateral
direction, the width W of the

pixels and to decrease the resistances of the counter
voltage signal lines CL.

According to the constitution of means 16, the
thin-film transistors are formed along the gate signal

5 line GL in such a way that the plurality of thin-film
transistors are connected to the pixel electrodes PX in
one pixel of the constitution of means 15, in order to
decrease the parasitic capacitances among the wirings,
to increase the production yield, to ensure the

10 openings in the pixels and to decrease the ;esistances
of the counter voltage signal lines CL.

According to the constitution of means 17 to 20,
both ends of the counter voltage signal lines CL are
connected to the common.bus line CB which has a

15 resistance smaller than the resistances of the counter
voltage signal lines CL. It is therefore possible to
decrease distortion in the waveform of the drive
voltage applied to the counter electrodes CT from the
common voltage driver unit 52, to uniformalize the

20 electric field intensity between the pixel electrode PX
and the counter electrode CT in each pixel in the
panel; and to decrease irregularity in the brightness
that occurs along the counter voltage signal line CL.

Even in case the counter voltage signal line CL

25 is broken at a portion, the common voltage is supplied
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10 counter electrode in the lateral direction, and the gap

bet ween the pixel electrode and the counter el ectrode: satisfy the
foll owi ng rel ati onshi ps, [err] <0, 4.2 [err]m< deff < 8.0
[err]m 5 1.2 x deff <W < L/1.2, and 1.2 x deff < W <

L/1.2 Means 3. A liquid crystal display device having a
pair of substrates at |east one of which is transparent, a 10

liquid crystal |ayer sandw ched by the pair of

-from both ends of the coﬁnter voltage signal line CL to
drive liquid crystal of the pixels. Unlike the prior
.art, therefore, the liquid'crystal of pixels after the
broken portion can be driven, and the quality-of

5 display is not impaired.
Furthermore, the area where the common bus line
CB is arranged has the same cross—sectional structure
as that of an area where the common bus line CB
intersects the gate signal line GL or the video signal

10 line DL, making it possible to decrease irregularity in
the film thickness at the edges of the substrate where
the common bus line CB is formed, to uniform the gap
1éngth between two éubstrates, and to decrease gap
‘irreqularity of the liquid crystal display device.

15 . The foregoing and other objects, advantages,’
manner of operation and novel features of the present
invention will be understood from the following
detailed description when read in connection with the

accompanying drawings.

20
BRIEF DESCRIPTION OF THE DRAWINGS
fig. 1 is a diagram schematically illustrating a
pixel for explaining the basic operation of a liquid
crystal display element of the present invention;
25 Fig. 2 is a plan view of essential portions
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substrates, a pixel electrode and a counter el ectrode formed between

one of the substrates and the liquid .crystal layer, whereby pixels
are formed such that the light transm ssion factor or the |ight
reflection 15 factor of the liquid crystals is changed by an electric
field which is established between the pixel electrode and the
counter el ectrode and has a conponent in parallel with the-one
substrate, and form ng a bl ack matri x surroundi ng the pixels on a

pl ane, wherein the 20 black matrix is nade of an insulating nmaterial.

Means 4. j11ustrafingdy BikbyShal PLEBbRYr &Y GfellE NG & pair of
liquid crystal display unit of an active matrix-type
éolor liquid crystal display device of an embodiment 1;
Fig. 3 is a diagram illustrating a pattern of a
5 black matrix of embodiment 1;

Fig. 4 is a plan-view of essential portions
illustrating a pixel and peripheries thereof in a
liquid crystal display unit of an active matrix-type
color liquid crystal display device of embodiment 2;

10 Fig. 5 is a plan view of a plurality of pixels on
a liquid crystal display panel formed by arranging the
pixels of embodiment 1;

Fig. 6 is a diagram of an eiectrically equivalent
circuit of two pixels adjacent to each other in the

15 direction of column of embodiment 1;

Fig. 7 is a sectional view of a pixel cut along
the line 3-3 in Fig. 2;

Fig. 8 is a sectional view of a thin-film
transistor element TFT cut along the line 4-4 in Fig.

20 2;

Fig. 9 is a sectidnal view of a storage capacitor
Cstg cut along the line 5-5 in Fig. 2;

Fig. 10 is a plan view for explaining the
constitution of the peripheries of a matrix of the

25 display panel;
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substrates at | east one of which is transparent, a l'iquid crystal

| ayer sandwi ched by the pair of 25 substrates, a video signal line, a
drain el ectrode, a pi xel electrode to which is applied a

video signal from the video signal line via the drain electrode and a

Fig. 11 is a sectional view illustrating panel
edge portions with gate signal terminals on the left
side but without external connection terminals on the
right side;

5 Figs. 12A and 12B are a plan view and a sectional
view illustrating the area where a gate terminal GTM is
connected to a gate wiring GL;

Figs. 13A and 13B are a plan view and a.sectional
view illustrating the area where a drain terminal DTM

10 is connected to a video signal line DIL;

Figs. 14A and 14B are a plan view and a sectional
view illustrating the area where a common electrode
terminal CTM, a common bus line CB and a common voltage
signal line CL are connected together;

15 Fig. 15 is a flow chart of a sectional view of a
pixel and a gate terminal illustrating the steps A to C
of fabricating a substrate SUBIl;

Fig. 16 is a flow chart of a sectional view of
the pixel and the gate terminal illustrating the steps

20 D to F of fabricating the_subs;rate SUB1;

Fig. 17 is a flow phart.of a sectional view of -
the pixel and the gate terminal, illustrating the steps
G to H of fabricating the substrate SUBl;

Fig. 18 is a diagram illustrating the

25 relationships among the direction in which the electric
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thin filmtransistor, and a counter electrode, that are fornmed between
one of the substrates and the liquid 5 crystal |ayer, whereby pixels are
formed such that the |l ight transm ssion factor or the |ight
reflection factor of the liquid crystals is changed by an electric
field which is established between the pixel electrode and the
counter electrode and has a conponent in 10 parallel wth the one
substrate, wherein the counter el ectrodes of adjacent pixels are
posi ti oned on both sides of the video signal line, and the w dths of

the co¥Rbel &keabpPied, atRe "@irsdBidit of NATbEANRYy Al thie wi dth

of the video signal |ine.
transmission axis of a polarizer plate;

Fig. 19 is a diagram of a circuit illustrating a

matrix unit and the peripheries thereof of a active
5 matrix-tYpe color liquid crystal display device of the
present invention;

Fig. 20 is a diagram illustrating ﬁaveforms for
driving the active matrix-type color liquid crystal
display device of the present invention;

10 Fig. 21 is é top view illustrating the state
where the péripheral driver units are mounted on a
liquid crystal display panel;

Fig. 22 is a diagram illustrating, in cross
section, the structure of a tape carrier package TCP ih

15 which an inﬁegrated circuit chip CHI constituting the
driver unit is mounted on a flexible wiring substraté;

Fig. 23 is a sectional view illustrating
essential portions in a state where the tape carrier
package TCP is connected to a terminal GTM for a gate

20 signal circuit in the liquid crfstal display panel PNL;

Fig. 24 is an exploded perspective view
illusérating a liquid crystal display module;

Fig. 25 is a diagram illustrating an equivalent
circuit of a passage for transmitting a drive voltage

25  to the counter electrodes CT in the liquid crystal
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15 Means 5. . In the neans 4, the counter electrode is nmade of

an anodi zable nmetal, and a self-anodized filmof this nmet al covers

t he counter el ectrode. Means 6. 20 In the neans 5, the
counter electrode is nmade of al um num Means 7. I n
the means 5, the counter electrode is forned si mul taneously with the
gate signal line which is made 25 of a netal |ayer having anodi zed
sur f ace.

display device of Fig. 19;

Fig. 26 is a diagram of characteristics
illustrating waveforms of the drive voltage at each of
the points shown in Fig. 25;

5 Fig. 27 is a block diagram schematically
illustrating the constitution of the liquid crystal
display device of embodiment 3;

Fig. 28 is a diagram illustrating an equivalent
circuit of a passage for transmitting a drive wvoltage

10 to the counter electrodes CT in the liquid crystal
display device of embodiment 3;

Fig. 29 is a diagram of characteristics
illustrating waveforms of the drive voltage at each of
the points shown in Fig. 28; |

15 Figs. 30A to 30C are a plan view and sectional
views illustrating the connection of the counter
voltage signal line CL and the common bus line CB at
point A on the matrix substrate of Fig. 27;

Figs. 31A and 31B are a plan view and a sectional

20 view illustrating the connection of the counter voltage
signal line CL and the common bus line CB at point B on
the métrix substrate of Fig. 27;

Figs. 32A and 32B are a plan view and a sectional
view illustrating the intersection of the video signal

25 line DI, and the common. bus line CB at point C on the
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12 Means 8. A liquid crystal display device having a

pair of substrates at | east one of which is transparent, a

liquid crystal |ayer sandw ched by the pair of 5 substrates, a video
signal line, a drain electrode, a pi xel electrode to which is applied
a video signal from the video signal line via the drain el ectrode and
a .

matrix substrate of Fig. 27;

Figs. 33A to 33C are a plan view and sectional -
views illustrating another example of connection of the
counter voltage signal line CL and the common bus line

5 CB at point A on the matrix substrate of Fig. 27;

Fig. 34 is a plan view illustrating another
arrangement of the common bus line CB of embodiment 3;

Fig. 35 is a plan view illustrating a further
arrangement of the common bus line CB of embodiment 3;

10 | Figs. 36A to 36C are a plan view and sectional
| views illustrating the connection of the counter
voltage signal line CL and the common bus line CB at a
point corresponding to point A on the matrix substrate
of Fig. 27 in the liquid crystal display device of.
15 embodiment 4;

.Figs._37A and 37B are a plan view and a sectional
view illustrating thé-connéction of the counter voltage
signal line CL and the'cohmon bus line CB at a point:
corréspon&ing to point B on the matrix substrate of

20 Fig. 27 in the liquid crystal display device of
embodiment 4;

figs. 38A and 38B are a plan view and a sectionai
view illustrating the intersection of the video signal
line DL and the common bus line CB at a point

25 corresponding to point C of the matrix substrate of
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thin filmtransistor, a gate signal line connected to a gate

el ectrode which turns the thin filmtransistor on, 10 and a counter

el ectrode to which a counter voltage is applied via a counter voltage
signal line, which are formed between one of the substrates and the
i quid crystal |ayer, whereby pixels are fornmed such that the

light transm ssion factor of the liquid crystals is 15 changed by an
electric field which is established bet ween the pi xel el ectrode and
t he counter el ectrode _ and has a conponent in parallel with the
surface of tlpag. 27 ifinthéubsdnidd ecrydtleidisplaygdevrisegodl |ine is made of
a netal |ayer having anodi zed surface, and the counter

embodiment 4; and

Fig. 39 is a plan view illustrating another

arrangement of the common bus line CB of embodiment 4.

5
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Further objects and features of the pfesent
invention will become obvious from the following
description in conjunction with the drawings.
10

[Active matrix liquid crystal display device]

An embodiment in which thé present invention is
adapted to a color liquid crystal displéy device of the
active mattix system will be described below. In the

15 drawings, those portions having the same functions are
denoted by the same reference numerals and their
description will not be repeated.

First, prior to illustrating embodiments of the
present invention, the basic operation of the liquid

20 crystal display element to which the present invention
is applied will be explained.

figs. 1A to 1D are schematic diagrams of a pixel
for explaining the operation of a liquid crystal
display element to which the present invention is

25 applied, wherein Fig. 1A is a sectional view of when no
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20 voltage signal line is made of the sanme material as ~ that of the

.gate signal Iine. Means 9. . In the neans 8, the counter
vol tage signal line is made of alum num 25 Means 10.
13

voltage is applied, Fig. 1B is a sectional view of when
a voltage is applied, Fig. 1C is a plan view of when no
voltage is applied, and Fig. 1D is a plan view of when
a voltage is applied. 1In these drawings, SUBl and SUB2
5 denote transparent glass substrates (hereinafter often
referred to simply as substrates), CT denotes a counter
electrode, GI denotes an insulating film, DL denotes a
video signal line, PX denotes a pixel electrode, POLl
and POL2 denote polarizer plates, MAX1 denotes the
10 polarizing axis of the lower polérizer-plate, MAX2
denotes the polarizing axis of the upper polarizer
plate, RDR denotes the initial orientation of liquid
crystal molecules, EDR denotes the direction of
electric field, BM denotes a black matrix, FIL denotes
15 a color filter, OC denotes a flattening film, ORIl and
ORI2 denote orientation films, and LC denotes liquid
crystals (rod-like liquid crystal molecules).
In the liquid crystal display element, the
polarizer plate POL2, light-shielding black matrix BM,
20 color filter FIL, protective film OC and orientation
film ORI2 are formed on one substrate SUB2 of the two
transbarent glass substrates SUBl1 and SUB2. bn the
other substrate SUBl, via the liquid crystals IC, are
formed the polarizer plate POLl, orientation film ORI1,
25 drain electrode SD2, pixel electrode PX, counter

R
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In the neans 8, the counter voltage signal |ine and the gate signal

line are forned through the sane st ep. ‘Means 11.- 5 A
liquid crystal display device having a pair of substrates at | east
one of which is transparent, a liquid crystal |ayer sandw ched by the
pai r of substrates, a video signal line, a drain electrode, a

pi xel electrode to which is applied a video signal from 10 t he vi deo
signal line via the drain electrode and a thin filmtransistor, a

gate el ectrode for turning the
electrode CT, wirings and thin-film transistor. These

drawings do not show wirings and thin-film transistors.
Referring to Figs. 1A and 1C, liquid crystals LC.
have been oriented in advance by the orientation films
5 ORIl and ORI2 in the orientation RDR that is
substantially in parallel with the surface of the
substrate SUBl. In this state, the initial orientation
RDR of the liquid crystals LC is nearly in agreement
with the polarizing axis MAX1 of the polarizing plate
10 POL1, the polarizing axis MAX1 and the polarizing axis
MAX2 of the other polarizing plate POL2 intersect at
right angles, and the pixel is in a non-display state.
| Next, referring to Figs. 1B and 1D; when a
voltage is applied between the counter electrode CT and.
15 the pixel electrode PX formed on the glass substrate
SUB1 in order to create an electric field (having a
direction EDR) subsfantially in parallel with the
surface of the substrate SUB1, the liquid crystél
molecules LC are twisted on a plane substantially in
20 parallel with the surface of the substrate SUBl1. Then,
the pixel becomes a dispiay state. A large number of

pixels are arranged to constitute a display panel.

[Planar constitution of a matrix unit (pixel unit)]

25 Fig. 2 is a plan view illustrating a pixel and
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thin filmtransistor on, a counter electrode to which a

voltage is applied via a counter vol tage signal I
capacitor formed by superposing 15 part of the pixel

the counter voltage signal line via an interlayer
whi ch are forned between one of the substrate and the
| ayer, whereby pixels are fornmed such - that the |

factor of the liquid 20 crystals is changed by an el

count er
I ne, and a storage
el ectrode on part of
insulating film
liquid crystal
ght transm ssion
ectric field which

S establ i shed between the pixel electrode and the counter
el ectrode and has a co nent A n _parall . 'tg ce of the
substrat e, mB%F%PPP¥+E§T¥hﬁﬁ%95o%f?%%%a%klwb kRix-type SU1GE

liquid crystal display device of a first embodiment of

the present invention.

Referring to Fig. 2, each pixel is provided in a

5 region (surrounded by four signal lines) where the gate

signal line (gate signal line or horizontal signal

line) GL, counter voltage signal line (counter

electrode wiring) CL and two adjacent video signal

. lines (drain signal lines or vertical signal lines) DL

10 intersect. Each pixel includes a thin-film transistor

TFT, a storage capacitor Cstg, a pixel electrode PX and

a counter electrode CT. The gate signal lines GL and

the counter voltage signal lines CL extend in the

right-and-left direction in the drawing and are

15 arranged in a plural number in the up-and-down

direction. The video signal lines DI extend in the

up-and-down direction and are arranged in a plural

number in the right-and-left direction. The pixel

electrode PX is connected to the thin-film transistor

20 TFT, and the counter electrode CT is formed

with the counter voltage signal line CL.

integrally

The two adjacent pixels along the video signal

line DL have a planar constitution such that they have

the same size and pattern. The reason is that the

25 counter voltage signal line CL is used in common by the
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signal line is made of al um num havi ng anodi zed 25 surface.
14 Means 12. A liquid crystal display device having a
pai r of substrates at | east one of which is transparent, a

two vertically adjacent pixels along the video signal
line DL, the width of the counter voltage signal line
CL is increased and, hence, the resistance of the
counter voltage signal line CL is decreased. This

5 makes it easy to sufficiently feed a counter voltage to
the counter electrodes CT of the pixels arranged in the
right-and-left direction from an external circuit.

The pixel electrode PX and the counter electrode
CT are opposed to each other, and the optical state of

10 the liquid crystals LC is. controlled by an electric
field between each pixel electrode PX and the counter
electrode CT, thereby to control the display. The
pixel electrodes PX and the counter electrodes CT are
formed like comb teeth, and extend in a slender form in

15 the up-and-down direction.

When the pixel electrodes PX and tﬁe counter
electrodes CT are arranged on the surface of the same
substrate, the liquid crystal display element of this
embodiment makes it possible to increase the area of

20 the opening portion of the pixel that transmits light
and to increase the width of the counter voltage signai
line éL compared with the wiring constitution in which
the counter voltage signal line CL is not used in

common by the two pixels adjacent to each other in the

25 . direction of column.
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~liquid crystal |ayer sandwi ched by the pair of 5 substrates, a video

signal line, a drain electrode, a - pixel electrode to which is applied
a video signal from the video signal line via the drain el ectrode and
a thin filmtransistor, a gate electrode for turning the - thin
filmtransistor on, and a counter electrode to 10 which a counter voltage
Is applied via a counter vol tage signal line, which are fornmed between
t he one substrate and the liquid crystal |ayer, whereby pixels

are formed such that the light transm ssion factor of the liquid

SLZSE?L; ' Zl ggﬁpggg %gésuﬂ:?%ﬁé%éuﬂék Vol tadd Wignaleqtiakl czhed bet ween
has a decreased resistance, the common signals are
smoothly propagated, the picture quality is improved,
and the common.signal_generator unit consumes a reduced

5 amount of electric power. |
By commonly using the counter voltage signal line
CL, furthermore, the number of portions where the video
signal line DL intersects the counter voltage signal
. 1line CL is decreased by about 25% compared with that of
10 the conventional structure, and probability of
short-circuiting between the video signal line DL and
the counter voltage signal line CL decreases.
Fig. 6 is a diagram of an electric equivalent
circuit of two pixels adjacent to each other in the
15 direction of column, constituting the liquid crystal
display element of a lateral electric field system of
the embodiment.
In Fig. 6, reference numeral 24 denotes a wiring
from the video signal line DL to the drain electrode
20 SD2, 31 denotes the interline capacitance between the
counter voltage signal line CL and the video signal
line ﬁL, 32 denotes the interline capacitance between
the gate signal line GL and the video signal line DL,
and 33 denotes the interline capacitance between the

25 gate electrode GT and the pixel electrode PX.
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t he counter electrode and has a conponent in parall el with the

substrate, wherein a common bus line is provided to connect in conmon
t he counter voltage signal lines of the plurality of pixels, and the

comon 20 bus line has a multilayer structure of two or nore

conductive | ayers. Means 13. : In the neans 12, the common

bus line is nmade up of a conductive |ayer of the sane nmaterial as

that of 25 the gate el ectrode and a conductive l.ayer of the sane

The constitution of embodiment 1, as shown.in the
drawings, makes it possible to decrease the parasitic
capacitance 31 between the video signal line DL and the
counter voltage signal line CL, and to smoothly

5 propagate liquid crystal drive signals to the drain
electrodes SD2 and to the counter electfodes CT through
the active filter wiring.

According to this embodiment as describéd above,
it is possible to improve the picture quality and to

10 decrease the consumption of electric power by the
signal generator unit.

As shown in Fig. 2, furthermore, the gate
electrodes GT, gate signal lines GL and thin-film
transistors TFT are devided by the two pixels adjacent

15 to each other in the direction of column, the drain
electrode SD2- is used in common, and the wiring 24 from
the commonly used drain electrode SD2 to the video
signal line DL is provided between the opposing gate
signal lines GL. The constitution of this embodiment

20 makes it possible to decrease the area where the drain '
electrode SD2 intersects the gate signal line GL and to
decreése the probability of short-circuiting between
the drain eledtrode SD2 and the gate signal line GL.

Referring to the équivalent circuit of Fig. 6,

25 the parasitic capacitance (interline capacitance) 32
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15 material as that of the video signal l[ine, and these

conductive |layers are forned sinultaneously with the formation of the
gate el ectrode and the video signal l i ne. 5 In order to
sol ve the above-nentioned fifth probl em according to the present

I nvention, the counter voltage signal line and the drain el ectrode
are used in : : :

decreases between the draih electrode SDZ and the gate

signal line GL, signals can be smoothly propagated to

the gate electrodes GT, the picture quality is

improved, and a decreased amount of electric power is
5 consumed by the signél generator unit.

The constitution of this embodiment in which the
counter voltage signal line CL is used in common and
the drain electrode SD2 is used in common by the two
pixels adjacent to each other in the direction of

10 column, can be further applied to a conventional liquid
" crystal display panel of vertical electric field
system. | |

The position of the thin-film transistor TFT can
be moved on the gate signal line GL without increasing

15 the area of intersection of the drain electrode SD2 and
the gate electrode GT.

Here, the pixel electrode PX in the liquid
crystal display element according to the present
invention is of a narrow linear form, which may cause

20 the pixel to become defective when it is broken.

Fig. 4 is a plan view illustrating the structure.
of a éixel constituting a liquid crystal display
element of a second embodiment according to the present
invention. As shown in Fig. 2, the thin-film

25 transistors TFT are so provided that the plurality of
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common by two pixels adjacent to each other in the di rection of
colum, and the storage capacitor is 10 forned in a part of the counter

vol tage signal |ine. Means 14. A liquid crystal display
devi ce having a pair of substrates at | east one of which is
transparent, a liquid crystal |ayer sandw ched by the pair of 15
substrates, a video signal line, a drain electrode, a pi xel el ectrode
to which is applied a video signal from the video signal line via the
drain el ectrode and a thin filmtransistor, a gate el ectrode for

turning the

10

15

20

25

thin-£iTh"eELh T LEEPS PP ar ) cShridWtdef ko thE' hAfiBek0 Which a

of the pixel electrodes PX while utilizing the features
of the first embodiment, the drain electrode SD2 is
used in common, and the wiring from the drain electrode
SD2 to the video signal line DL is formed between the
opposing gate signal lines GL. Hence the display of
pixel is in an almost normal state even in case one of
the pixel electrodes PX is broken at a portion. |

When any one of the thin-fiim transistors becomes
defective, furthermore, the pixel electrode PX
connected to the defective thin-film transistor is cut
by using a laser correction means or the like, and the

image is displayed using other normal thin-film

- transistors.

According to the second embodiment as.descfibed
above, it is possible to obtain an active matrix-type
liquid crystal display element having a high picture
quality and fabricated efficiently.

"Fig. 5 is a plan view illustrating a plurality of
pixels in a liquid crystal display panel of infplane
electric field system formed by arrahging the pixels of
the first embodiment. In Fig. 5, the counter voltage
signal line CL is used in common by the two pixels
adjacent to each other in the direction of column

indicated by arrow P.
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20 counter voltage is applied via a counter voltage signal line, and.

a storage capacitor forned by superposing part of the pixel electrode
on part of the counter vol tage signal line via an interlayer
insulating film which are formed between the one of the substrates

and 25 the liquid crystal | ayer, whereby pixels are forned
16

The number O of counter electrodés CT (number of
comb teeth) in a pixel is so selected as to'always
maintain the relationship O = P + 1 with respect to the
number P of pixel electrodes PX (number of comb teeth)

5 (0 =3, P=2 in this embodiment). The reason is that
the counter electrode CT and the pixel electrode PX are
alternately arranged and the counter electrodes CT are
provided on both sides of the video signal line DL on a
plane. This makes it possible to shield the lines of

10 electric force from the video signal line DL with the
counter electrodes CT, so that the electric field
between the counter electrode CT and the pixel
electrode PX is not affected by the electric field
generated by the video signal line DL. The counter

15 electrode CT is fed with é'potential at all times from
an external unit, i.e., from a counter voltage signal
line CL that will be described later, and takes a
stable potential._ Therefore, the potential of the
counter electrode CT changes very little even when it

20 is laid close to the video signal line DL. This
further causes the pixel electrode PX to bellocated
geomeﬁrically away from the video signal line DL.
Therefore, the parasitic capacitance between the pixel
electrode PX and the video signal line DL, greatly

25  decreases, making it possible to suppress fluctuation
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such that the light transm ssion factor of the liquid

crystals is

changed by an electric field which is est abl.i shed between the pi xel
el ectrode and the counter el ectrode and has a conponent in parall el
with the 5 substrate, wherein the scanning signal |ines connected

to the gate electrodes and the counter voltage signa
to the counter el ectrodes are arranged I n parallel

| i nes connected
in a first

direction of the plurality of pi xel s that are arranged in the form of
a matrix, and 10 the video signals connected to the drain electrodes are

arranged in ggrﬁL%gl+§ ﬁa econ(_glidlrﬁctlc__xl.r‘_lz‘:L %@dcgngeﬁ'ﬂy the viagocounter

vol tage sign

signal voltage. Therefore, crosstalk (image defect

called vertical smear) that occurs in the up-and-down

direction is suppressed.

5 The pixel electrode PX and the counter electrode

CT have widths Wp and Wc which are 6 um, respectively,

and are very larger than a maximum predetermined

thickness of 4.5 pm of a liquid crystal layer that will

'be described later. By taking variation during the

10 production into consideration, it is desired that a

margin of not smaller than 20% is maintained.

Desirably, thereforé, these electrodes should have

widths of much larger than 5.4 ym. Therefore, the

electric field component which is applied to the liquid

15 crystal layer and is in parallel with the surface. of

the substrate becomes larger than the electric field

component in the direction perpendicular to the surface

of the substrate, making it possible to lower the

voltage for driving liquid crystals.

20 It is further desirable that the maximum widths

Wp and Wc of the pixzel electrode PX and the counter

electrode CT are smaller than the gap L between the

pixel electrode PX and the counter electrode CT. The

reason is that when the gap between the electrodes is

25 too small, the lines of electric force are greatly
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two pixels adjacent to each other in the second direction. 15 Means

15. In the neans 14, the gate el ectrodes, scanning si gna
lines and thin-filmtransistor elenments of the two pixels adjacent to
each other in the direction of colum are so arranged as to be
opposed to each other, 20 the drain electrodes are used in comon by the
t wo pi xel s, and the wirings fromthe drain el ectrodes to - t he
video signal lines are arranged between the opposi ng scanni ng si gnal

| i nes. Means 16. '

curved whereby the area increases where the electric
field component perpendicular to the surface of the
substrate becomes greater than the electric field
component in parallel with the surface of the
5 substrate, making it difficuit to efficiently apply the
electric field component in parallel with the surface
of the substrate to the liquid crystal layer.
Therefore, when the margin is 20%, the gap L between
the pixel electrode PX and the counter electrode CT
10 must be greater than 7.2 um.
The embodiments 1 and 2 have a resolution of 640
x 480 dots, a diagonal of 10.4 inches, and a pixel
pitch of 110 pm. By dividing the pixels by four, the
gap L becomes greater than 7.2 ym. That is, by
15 dividing the pixels by not more than eight, a gap L >
7.2 ym is satisfied. When the pixels are divided by 10
or a larger number, however, the gap L becomes smaller
than 7 pm, which does not satisfy the required
condition. |
20 Furthermore, the video signal line DL has a width
of 8 yum so that it will not be broken, which is
slighﬁly larger than that of the pixel electrode PX and
the counter electrode CT. In order to prevent short-
circuiting, a gap of 1 um is formed between the video

25 signal line DL and the counter electrode CT. Here, the
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25 In the means 15, the thin-filmtransistors are

17 formed al ong the scanning signal line in such a way t hat
the plurality of the thin-filmtransistors are connected to the pixel
el ectrodes in a pixel. Means for solving the above-nenti oned

si xth

video signal line DL has a width which is not larger
than twice the width of the counter electrodes CT that
are located on both sides thereof. Or, when the width
of the video signal line DL is determined based on the
5 production yield, the width of the counter electrodes
CT located on both sides of the wvideo signal line DL is
determined to be not smaller than one-half the width of
the video signal line DL. The reason is £hat the lines
of electric force generated from the video signal line
10 DL is absorbed by the counter electrodes CT on both
sides thereof. To absorb the lines of electric force -
generated from thé signal line having a given width,
the lines that absorb the lines of electric force must
have a width which is not smaller than the width of the
15 line generating the lines of electric force.

Therefore, the lines of electric force generated
from half (4 ym each) the width of the video signal
line DL need to be absbrbed by the counter electrodes
CT on both sides therebf, respectively. For this

20 purpose, the counter electrodes CT located on both
sides of the video signal line DL has a width of not
smallér than one-half thereof. This makes it possible
to prevent crosstalk (particularly, crosstalk in the
up-and-down (vertical) direction) caused by video

25 signals.
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5 problemw || be described bel ow Means 17. Aliquid

crystal display device having a pair of substrates at | east one of
which is transparent, a liquid crystal |ayer sandw ched by the pair
of 10 substrates, a video signal line, a drain electrode, a pi xel
el ectrode to which is applied a video signal from t he video signa
line via the drain electrode and a thin filmtransistor, a gate
signal line connected to a gate electrode for turning the thin film

transistor on, 15 and a counter electrode to which a counter voltage is
applied via a coun er voltage s whi ch,
PP e gate s gnaigflne éﬂeﬁa GridK that

satisfies a resistance capable of applying a sufficient
~gate voltage to the gate electrodes GT of pixels.at the
terminals (on the side opposite to the gate electrdde
5 terminals GTM that will be described later).

Furthermore, the counter voltage signal line CL has a
width, i.e., has a resistance capable of applying a
sufficient counter voltage to the counter electrodes CT
of pixels at the terminals (on the side opposite to the

10 common bus line CB that will be described later).

On the other hand, the gap between the pixel
electrode PX and the counter electrode CT is changed
according to the liquid crystal material that is used.
The reason is that the electric field intensity for

15 accomplishing a maximum transmission factor differs
with the liquid crystal material. Therefore, the gap
between the electrodes is determined depending upon the
liquid crystal material, such that a maximum
transmission factor is obtained within a range of

20 maximum amplitude of a signal voltage that is
determined depending upon the breakdown voltage of the
video.signal driver unit (driver of the signal side)
that is used. The gap between the electrodes becomes
16 ym when a liquid qrystal material described later

25 will be used.
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formed between one of the substrates and the liquid crystal |ayer,
wher eby pi xels are fornmed such that the | i ght transm ssion factor of
the liquid crystals is 20 changed by an electric field which is

est abl i shed bet ween the pi xel electrode and the counter el ectrode
and has a conponent in parallel with the substrate, wherein t he ends
on both sides of the counter voltage signal line are connected to a
common bus line and are, 25 further, connected to a common voltage
generating and :

[Cross~-sectional constitution of the matrix unit (pixel
unit)]

Fig. 7 is a sectional view cut along the line 3-3

5 in Fig. 2, Fig. 8 is a sectional view of a thin-film
transistor element TFT cut along the line 4-4 in Fig.
2, and Fig. 9 is a sectional view of a storage
capacitor Cstg cut along the line 5-5 in Fig. 2. As
shown in Figs. 7 to 9, on the side of the lower

10 transparent glass substrate SUBl are formed a thin-film
transistor TFT, a storage capacitor Cstg and a group of
electrodes, and on the side of the upper transparent
glass substrate SUB2 are formed a color filter FIL and
a bladk-matrix pattern BM for blocking light, with

15 respect to a liquid crystal layer LC.

Furthermore, orientation films ORI1 and ORI2 for
controlling the initial orientation of liquid crystals
are provided on the inside surfaces (liquid crystal LC
side) of the transparent glass substrates SUBl1 and

20 SUB2, and polarizer plates are provided with their
polarizing axes intersecting at right angles (cross-
nicol.arrangement) on the outside surfaces of the

transparent glass substrates SUBl1 and SUB2.

25 [TFT substrate]
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18 - driving neans. Means 18. In the nmeans 17,

t hi ckness adj ustnent patterns are provided on the non-display area of
one of the 5 substrates, and the thickness adjustnment patterns are

made of the sane material and have the same thickness as that of the
common bus |ine. Means 19. In the neans 17 or 18, a

t hi ckness adj ust nent

Constitution of the lower transparent glass
substfate SﬁBl (TFT substrate) will now be described in
detail.

[Thin-film transistor TFT]

5 The thin-film transistor TFT so operates that the
channel resistance decreases between the source and the
drain when a positive bias is applied to the gate
electrode GT thereof, and that the channel resistance
increases when a zero bias is applied thereto.

10 Referring to Fig. 8, the thin-film transistor TFT
includes the gate electrode GT, a gate insulating film
GI, an i-type semiconductor 1ayer AS made of i-type
amorphous silicon (a-Si)(without doped with intrinsic
conductivity-type~determining impurities), a pair of

15 source electrode SD1 and drain electrode SD2. The
source and drain are usually determined by the bias
polarity therebetween. In the circuit of the liquid
crystal display device, the polarity is inverted during
the operation. It should therefore be noted that the

20 source and drain afe interchanged during the operation.
In the following description, however, either of them
is fi#edly expressed as a source and the other as a

drain only for convenience of description.
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10 filmmade of the sane material and having the sane t hi ckness as
that of the gate electrode is provided over or under the comon bus
line in the non- i ntersecting areas except the areas where the conmon
~bus line intersects the gate signal line or the video 15 signal line and
except the areas where the common bus line is connected to the
counter voltage signal |ine. Means 20. - In the nmeans 17 or
18, a thickness adjustnent filmmade of the sane material and having
the same 20 thickness as that of the drain electrode is provided

over or under thepgomunn, BifeddRad &t N Ytinuous to the gate

signal line GL, and is formed by part of the region of
the gate signal line GL. The gate electrode GT is a
portion which extends. over the active region of the
5 thin-film transistor TPT, and is so formed as to
completely cover the i-type semiconductor layer AS (as
viewed from below). Therefore, in addition to its
role, the gate electrode GT works to shield the i-type
semiconductor layer AS from external light or
10 backlight. In this embodiment, the gate electrode GT
is composed of a single conductive film gl. As the
conductive film gl, there can be used an aluminum film
formed by, for example, sputtering and an anodically
oxidized film AOF of aluminum is formed thereon.
15
[Scanning (gate) signal line GL] _
The scanning (gate) signal line GL is constituted
by a conductive film gl. The_conductive film'gl
f9imiﬁg the scanning signal line GL is formed through . -
20 the éame step as that of forming the conductive film gl
of the gate electrbde GT and as a unitary structure.
Throuéh the scanning signal 1ine GL, the gate voltage
Vg is fed to the gate electrode GT from an external
circuit. On the scanning signal line GL is formed an

25 anodically oxidized film AOF of aluminum, too. A
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i ntersecting areas except the areas where the common bus line

I ntersects the gate signal |ine or the video signal |ine and except
the areas where the common bus 25 line is connected to the counter
vol tage signal Iine. 19

According to the constitution of neans 1, when a

portion that intersects the video signal line DL is
formed narrow to decrease the probability of short-
.circuiting relative to the video signal line, and is

- branched into two éo that it can be separated by laser

5 trimming in case it has short-circuited.

[Counter electrode CT]
The counter electrode CT.is constituted by the
conductive film gl of the same layer as the gate
10 electrode GT and the scanning signal line GL. On the
| counter electrode CT is formed an anodically oxidized
film AOF of aluminum, too. The counter electrode CT is
completely covered with the anodically oxidized film
AOF and prevents short-circuit even when it is laid as
15 close to the video signal line as possible. Moreover,
they can be so arranged as to intersect. A counter
voltage Vcom is applied to the counter electrode CT.
In this embodiment, the counter voltage Vcom is set to
a potential which is lower than an intermediate
20 potential between a drive voltage Vdmin of a minimum
level applied to the video signal line DL and a drive
voltaée vdmax of a maximum level by a field-through
voltage AVs that generates when the thin-film
transistor element TFT is turned off. When it is

25 necessary to nearly halve the power source voltage of
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l'iquid crystal conp05|t|on havi ng positive dielectric const ant

anisotropy is used, it is possible to obtain a transm ssi on
characteristic little dependi ng upon the 5 wavelength in the
birefringence node, i.e., to obtain good white display, and to apply
an electric field conmponent to the liquid crystal layer in parallel
W th the substrate, which is much stronger than the conponent:
of the electric field in the direction 10 per pendi cul ar to the
substrate. It is therefore possible to utilize the nost efficient

and the- count Be aRdied Tt WBelinah UhanFaiBEns1oal dflvey o0l M08

unit, an AC voltage should be applied.

[Counter voltage signal line CL]

5 The counter voltage signal line CL is constituted
by a conductive film gl. The conductive film gl
forming the counter voltage signal line CL is formed
through the same step as that of forming the conductive
film gl of the gate electrode GT, scanning signal line

10 GL and counter electrode CT, and as a unitary
structure. Through the counter voltage signal line CL,
the counter voltage Vcom is fed to the counter _
electrode CT from an external circuit. On the counter
voltage signal line CL is formed an anodically oxidized

15 film AOF of aluminum, too. A portion that intersects:
the video signal line DL is formed narrow to decrease
the probability of short~circuiting relative to the
v1deo 51gna1 line like the case of the scanning 51gna1 ’
line GL, and is branched 1nto two so that it can be

20 separated by laser trimming in case it has short-

circuited.

[Insulating £ilm GI]
The insulating film GI is used as a gate

25 insulating film for imparting an electric field to the
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into the conponent in the direction in parallel with 15 the substrate

w t hout raising the voltage for driving the liquid crystal.

According to the constitution of nmeans 2, when a liquid crystal
conposition having negative dielectric constant anisotropy is used,
it is possible to obtain a 20 transm ssion characteristic little
dependi ng upon the wavel ength in the birefringence node, i..e., to
obtain good white display, and to apply an electric field

conponent to the liquid crystal layer in parallel with t he substrate,

o0 ch 1 MUCh B QAR RGN RACES e oA RIS o L 1

the thin-film transistor TFT. The gate insulating film
GI is formed on the gate electrode GT and on the
scanning signal line GL. As the gate insulating film

5 GI, a silicon nitride film formed by, for example,
plasma CVD having a thickness of 1200 to 2700 & (about
2400 & in this embodiment) is used. The gate
insulating film GI is so formed as to surround the
whole matrix unit AR, and the periphery is removed so

10 that external connection terminals DTM, GTM are
expoSed; The insulating film GI contributes to
electrically insulating the scanning signal line GIL,
counter voltage signal line CL and video signal line
DL. .

15
[i-Type semiconductor layer AS]

The i-type semiconductor layer AS is made of

amorphous silicon and has a thickness of from 200 to
2200 A (about 2000 R in_this‘embodiment). A layer 40

20 is an N(+)-tYpé amorphous silicon Semiconductor'layer
doped with phosphorus (P) for ohmic contact, and is
left 6n1y on a portion where the i-type semiconductor
layer AS exists thereunder and conductive layers dl

(d2) exist thereover.

25 The i-type semiconductor layer AS is also
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20 substrate. It is therefore possible to utilize the nost
efficient transm ssion state enabling the voltage bet ween t he pi xel
el ectrode and the counter el ectrode to be efficiently converted into
the one in the 5 direction in parallel wth the substrate w thout

provided at the portions (cross-over portion) where the
scanning signal line GL, the counter voltage signal
line CL and the video signal line DL intersect. The
i-type semiconductor layer AS at the intersecting

5 portion decreases the probability of short-circuiting
at the portions where the scanning signal line GL, the
counter voltage signal ‘'line CL and the video signal

line DL. intersect.

10 [Source electrode SD1, drain electrode SD2]
The source electrode SD1 and the drain electrode

SD2 are, respectively, composed of the conductive film
dl that is in contact with the N(+)-type semiconductor
layef d0 and.the conductive film d2 formed thereon.

15 The conductive film dl is composed of a cﬁromium
(Cr) film formed by sputtering and has a thickness of
500 to 1000 i (about 600 A in this embodiment). The Cr
film is so formed as to have a thickness of not larger
thah_about_zodo &, since stress is éroduced aé its

20 thickﬁess increases. The Cr film is used in order to
1mprove the adhe51veness to the N(+)-type semiconductor
layer 40 and to prevent aluminum conductive f£ilm d2
from diffusing into the N(+)-type semiconductor layer
do (i.e., used as a so-called barrier layer). As the

25 conductive film dl, there may be used a film of a
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raising the voltage for driving the liquid crystal. According to
the constitution of neans 3, it is possible to elimnate the effect
upon the electric field between the pixel electrode and the counter

10 electrode because the black matrix is constituted by an

insulating material. The black matrix cuts off the effect upon the
electric field between the pixel el ectrode and the counter el ectrode
enabl i ng t he di stance to be decreased anong the electrodes. It is 15
therefore allowed to increase the aperture ratio, and to effectively

238!5%lr2?ee![ gﬁj{%f:-n{élﬁ‘:'iﬁgcﬁaﬂaﬂe'ahoi,nri, Ta SRWY |fld W tfilmhessw face of the
high-melting metal silicide (Mosiz, Tisi,, TasSi, or
WSi;) in addition to Cr film.
The conduct%ve film d2 having a thickness of 3000

5 +to 5000 A (about 4000 A in this embodiment) is formed
by Al sputtering. The Al film causes less stress than
Cr film and can, hence, be so formed as to have a large
thickness, in order to decrease the resistances of the
source electrode SD1, drain electrode SD2 and video

10 signal line DL, and to reliably extend over the steps
caused by the gate electrode GT and the i-type
semiconductor layer AS (to improve step coverage).

After the conductive films dl and d2 are

patterned using the same mask pattern, the N(+)-type

15 semiconductor layer d0 is removed by using the same
mask or by using the conductive films dl and d2 as
masks. That is, the N(+)-type semiconductor layer 40
remaining on the i-type semiconductor layer AS is
removed in a self-alignment manner except the portions

20 of the conductive films d1 and d2. In this case, the
N(+)-type semiconductor léyer d0 is removed by etching
and, ﬁence, the surface of the i-type semiconductor
layer AS is etched to some extent, which, however, can
be controlled by changing the etching time.

25
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liquid crystal |ayer wi thout raising the voltage for driving the
liquid crystals. 20 According to the constitution of neans 4, the
lines of electric force fromthe video signal |ine can be absorbed by
the counter electrodes that are | ocated on both sides thereof, making
It possible to prevent the occurrence of so-called crosstalk. In this
case, 25 the lines of electric force fromthe video signal |ine

[Video signal line DIL]

The video signal line DL is constituted by the
first conductive film dl and the second conductive film
daz pf the same layers as the source electrode SD1 and

5 the drain electrode SD2. Moreover, the video signal
line DL is formed inteérally with the drain electrode

SDZ L]

[Pixel electrode PX]
10 The pixel electrode PX is constituted by the
first conductive film dl and the second conductive film
d2 of the same layers as the source electrode SD1 and
the drain electrode SD2. Moreover, the pixel electrode
PX is formed integrally with the source electrode SD1.
15 | |
- [Storage capacitor Cstg]

The pixel electrode PX is so formed as to be
superposed on the counter voltage signal line CL at an
end on the side opposite to the end that is connected

20 to the thin-film transistor TFT. As will be obvious
from Fig. 9, this superposition constitutes a storage
capacitor (capacitance element) Cstg having the piiel
electrode PX as one electrode PL2 and having the
counter voltage signal line CL as the other electrode

25 PL1. The dielectric film of this storage capacitor
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21 are equally divided by the counter el ectrodes on both

sides each by 50% i.e., 100%of the lines of electric force are
absorbed in total. - According to the constitution of neans 5,
short - 5 circuiting is prevented fromoccurring even when the

counter el ectrodes on both sides are brought as close to each ot her
as possible or even when they are arranged to intersect with the
video signal line. This makes it possible to increase the aperture
ratio. 10 According to the constitution of neans 6, the

Cstg is composed of the insulating film GT that is used
as the gate insulating film of the thin-film transistor
TFT and the anodically oxidized film AOF.
As shown in Fig. 2, the storage capacitor Cétg is
5 formed, when viewed from above, on an expanded portion
of the conductive film gl of the counter voltage signal
line CL.
In this case, the electrode located under the
insulative film GI of the storage capacitor Cstg is
10 made of aluminum having anodized surface. Therefore,
the storage capacitor hardly causes defect (short-
.circuiting to the electrode of the upper side) that is

caused by so-called whiskers of aluminum.

.15 [Protective film PSV1]

A protective film PSV1 is provided on the thin-
film transistor TFT. The protective film PSV1 is
formed chiefly for protecting the thin-film transisto;
TFT from moisture and the like and must have a high

20 transparency and a good resistance againét humidity;
The protective film PSV1 is composed of, for example, a
'silicon oxide film or a siliéon nitride film formed by
a plasma CVD device, and has a thickness of about 1 um.

The protective film PSV1 is so formed as to

25 surround the whole matrix unit AR, and its periphery is
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counter electrodes have a small resistance. Therefore, a nearly

uni form and stable current flows through the counter el ectrodes, and
the counter voltage is sufficiently transmtted even to the pixels at
the 15 termnals, making it possible to further heighten the

effect of neans 4. According to the constitution of neans 7, it

S possible to obtain the effect of nmeans 5 w t hout I ncreasi ng

the nunber of steps of production. 20 According to the constitution
of nmeans 8, it is possi ble to decrease the probability of short-

circuiting at rBpode@asoiR4E the exturrdl Wrmgrtion terminals DTM
and GTM are exposed. As for the thicknesses of the
protective film PSV1 and the gate insulative film GI,
the former film is formed so as to have a large '

5 thickness in consideration of the effect of protection
and the latter film is formed so as to have a small
thickness in consideration of the mutual conductance gm
to the transistor. Therefore, the protective film PSV1
that exhibits a high protection effect is formed in a

10 size larger than the gate insulative film GI in order
to protect even the peripheral portions as wide as

possible.

[Color filter sﬁbstrate]

15 Referring to Figs. 2 and 7 again, the
constitution of the upper transparent glass substrate
SUB2 (color filter substrate) will now be described in

detail.

20 [Light-shielding film BM]

On the upper transparent glass substrate SUB2 is
formed a light-shielding BM (so-called black matrix),
so that undesired light transmitted through the gaps
(gaps other than the gap between the pixel electrode PX

25 and the counter electrode CT) does not go to the side
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signal line intersects the video signal line. According to the

constitution of neans 9, the 25 counter voltage signal |line has a smal
resi stance and 22 a
nearly uniformand stable current flows through each of the counter

el ectrodes. Therefore, a counter

.of the display surface to deteriorate the contrast and'
-the like. The light-shielding film BM also serves to
prevent external light or backlight from falling on the
i-type semiconductor layer AS. That is, the i-typé

5 semiconductor layer AS of the thin-film transistor TET
is sandwiched by the light-shielding film BM and the
gate electrode GT of a large size located on the upper
and lower sides, and so does not receive natural light
or backlight from the external side.

10 A polygonal contour line of the light-shielding
film BM shown in Fig. 2 represents an opening inside
which no light-shielding film BM is formed. This is
only an example of the contour line. The pattern may
be the one shown in Fig. 3 when it is desirable to form

15 a large opening portién. In the region A of Fig. 3,
the direction of the electric field is disordered and
the display of this portion corresponds to the video
data in the pixel in such a 1-to-1 manner that the
display is black when this portion is black, and is

20 white when this portion is white._ Therefore, this
portion can be utilized as part of the display.
Furthermore, the boundary in the up-and-down direction
of the drawing is determined by the precision of
registration of the upper and lower substrates. When

25 the precision registration is better than the width of
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voltage is sufficiently transmtted to the pixels even at the
termnals making it possible to achieve uniform 5 pixel display.

According to the constitution of nmeans 10, the effect of neans 7 is
gai ned wi thout increasing the nunber of production steps.

According to the. constitution of neans 11, the 10 electrode of the |ower
side forned via an interlayer insulating filmis nmade of al um num
having an anodi zed _ surface, making it possible to forma storage
capaci tor little permtting the occurrence of troubles that are

caused by poiyHe ¢Rfuftftler @lRckeobescar! Bdcabedken shoth sides of the
video signal line DL, the opening portion can be
widened by setting the boundary line within the width
of the counter electrode. '

5 The light-shielding film BM has light-shielding
property against light, and is composed of a highly
insulating film so as not to affect the electric field
between the pixel electrode'Px and the counter
electrode CT. This enables the electric field

10 component in parallel with the surface of the substrate
to be effecti&ely'applied to the liquid crystal layer,
and makes it possible to lower the voltage for driving
lTiguid crystals.- The light-shielding film BM is made
.of a material obtained by mixing a black pigment into a

15 resist material, and has a thickness of about 1.2 pum.
As another embodiment, there can be used a material
obtained by mixing palladium and electroless-plated
nickel into the resist material.

In this case, the gap can be increased to some

20 extent between the pixel electrode PX and the counter
electrode CT, making it possible to increase the
aperture ratio.

The light-shielding film BM is.formed like a
lattice surrounding the pixels. The lattice partitions

25 the effective display area of each pixel. Therefore,
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15 According to the constitution of neans 12, it is possi bl e

to decrease the resistance w thout increasing the width of the comon
bus line and to apply a sufficiently large voltage up to the ends of
t he counter electrodes. This nmakes it possible to decrease 20
crosstalk (particularly, crosstalk in the horizontal direction of the
screen) that is caused by distortion of .the counter vol tage according
to the video signals. According to the constitution of neans 13,
it is possible to obtain the effect of means 12 without 25

Increasing thg Dumeio i of SAnChiRe?d45t k9Barly shown by the
light-shielding film BM. That is, the light-shielding
film BM has the two functibns, i.e., a black matrix and
shielding against light that falls on the i-type

5 ‘semiconductor layer AS.
The.iight-shieiding film BM is formed like a

frame even on the peripheral portions, and has a
pattern that is continuous to the pattern of the matrix
unit that has a plurality of dot-like openings. The

10 light-shielding film BM on the peripheral portions
outwardly extends over the sealing portion SL to
prevent thelleakage of light such as light reflected by
a device_og which the'display is mounted, such as a
personal computer, from entering the matrix unit. The

15 light-shielding film BM is short 6f the edges of the

' substrate SUB2 by about 0.3 to 1.0 mm, and does not

extend to the cut regions of’the substrate SUB2.

[Color filter FIL]

20 The color filter FIL forms stripes of a
repetition of red, green and blue lines at poéitioné
facing the pixels. The color filter FIL is so formed
as to be superposed on the edge portions of the light-
shielding film.BM.

25 The color filter FIL is formed as déscribed
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23 According to the constitution of neans 14, the gate

signal lines G. connected to the gate el ectrodes Gl and the counter
voltage signal lines CL connected to the counter electrodes CT are
arranged in parallel in 5 the direction of row of a plurality of pixels
arranged in the formof a matrix, the counter voltage S|gna

line CL is used in conmmon by the two plxels adj acent to

below. First, a dyeable member such as acrylic resin
is formed on the surface of the upper transparent glass
substrate SUB2, and is then removed by photolitho-
graphic technology, leaving it on the red filter-

5 forming regions. Then, the d&eable member is dyed with
a red dye and is fixed to form a red filter R. Next, a
green filter G and a blue filter B are formed

successively through £he same steps.

10 [{Overcoat film OC]

The overcoat film OC is provided to prevent the
dye of the color filter FIL from leaking to the liquid
crystals LC and to flatten the steps produced by the
color filter FIL and light-shielding ﬁilm BM. The

15 overcoat film OC is formed by-using a transparent resin.
material such as acrylic resin, epoxy resin or the like

resins.

[Liquid crystal layer and polarizer plate]
20 The liquid crystal layer, orientation film and

polarizer plate will be described below.

[Liquid crystal layer]
As the liquid crystal materials LC, there are
25 used nematic liquid crystals having a positive
-
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each other i

di rection of
anong the
t he openi ngs

n the direction of colum, and tthe video signal lines DL
connected to the drain electrodes SD2 10 are arranged in parallel in the
colum, in order to decrease the parasitic capacitance
~wirings, to increase the production yield, to ensure
in the pi xel s and to decrease the resi stances of the
age signal lines CL. 15 According to the constitution

counter volt
of means 15,
thin-film
.other in the
so arranged

10

15

20

25

t he ~ gate electrodes GI, gate signal lines G and
transi stor ‘el ements of two pixels adjacent to each

§&lreCt|%gb%%E§% gngaéﬁogroﬁngéltfnljag %%d a neans 14 are

refractive index anisotropy An of 0.081 (589 nm at
20°C), and nematic liquid crystals having a negative
dielectric constant anisotropy Ae of -7.3 and a
refractive index anisotropy An of 0.053 (589 nm at
20°). The liquid crystal layer has a thickness (gap)
of not smaller than 2.8 pm but not larger than 4.5 um
when it has a positive dielectric constant anisotropy
As.

In this case, there is obtained a transmission
factor that does not almost change with the wavelengths
within a #ange of visible light when the retardation
An-d is not smaller than 0.25 um but is not larger than
0.32 ym, and moét of the liquid crystals having a
positive dielectric constant anisotropy Ae have a '
birefringence anisotropy An which is not smaller than
0.67 but is not larger than 0.09.

Oon the other hand, the liquid crystal layer has a
thickness (gap) which is not smaller than 4.2 um but is
not larger than 8.0 ym when it has a negative
dielectric constant anisotropy Ae. The reason is that
it is.necessary to determine the retardation An-d
within a range of not smaller than 6.25 pm but not
larger than 0.32 pm, like the case of the liquid

crystals having a positive dielectric constant

[
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20 other, the drain electrode SD2 is used in common by the t wo

pi xels, and the wiring fromthe drain el ectrode SD2 to the video
signal line DL is arranged between the opposi ng gate signal |lines G,
in order to decrease the parasitic capacitance anong the wirings, to
I ncrease 25 the production yield, to ensure the openings in the

24 ' '

10

15

20

25

anisotropy Ae. In this case, most of the liquid
crystals having a negative dielectric constant
anisotropy Ac¢ have a birefringence anisotropy An of not
smaller than 0.04 but not larger than 0.06.

A combination of the orientation films and the
polarizer plates that will be described later makes it
possible to obtain a maximum transmission factor when

the liQuid crystal molecules are turned by about 45°

toward the direction of the electric field EDR from the.

rubbing direction RDR.
The thickness (gap) of the liquid crystal layer
is controlled by using pdlymer beads.

. There is no particular limitation on the liquid
crystal material LC so long as it is a nematic liquid
crystal material. The drive voltage can be decreased
with an increase in the value of the dielectric
constant anisotropy As. The thickness (gap) of the
liquid crystal layer can be increased with a decrease
in the refractive index anisotropy An, in order to
shorten the time to pour the liquid crystals and to

decrease variation in the gap. 7

[Orientation film]
The orientation film ORI is made of a polyimide.

The upper and lower substrates have rubbing directions

R
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pi xel s and to decrease the resistances of the counter

vol t age signa

lines CL. According to the constitution of neans 16, the
thin-filmtransistors are formed along the gate signal 5 line GL in such
a way that the plurality of thin-film transi stors are connected to
t he pixel electrodes PXin one pixel of the constitution of neans 15,
in order to decrease the parasitic capacitances anong the wirings,
to increase the production yield, to ensure the 10 openings in the
pi xel s and to decrease the resistances of the counter voltage signal
lines CL. RDR which are in parallel with each other and form an
angle of 75° with respedt to the direction of the
appiied electric field EDR. Fig. 18 illustrates their
relationships.
5 The angle formed by the rubbing direction RDR and
the direction of the applied electric field EDR may be
larger than.459 but is smaller than 90° when the liquid
crystal material has a positive dielectric constant
anisotropy As, and may be larger than 0° but smaller
10 than 45° when the liquid crystal material has a
negative dielectric constant anisotropy Ae.
[Polarizer plate]
Fig. 18 illustrates the relationships of the
15 direction of the applied electric field, rubbing
direction and transmission axes of the polarizer
plates.
The pélarizer plates POL ihat are used are
G1220DU manufactured by Nitto Denko Co. The
20 transmission axis MAX1l of the lower polarizer plate
POL1 is appproximately parallel with the rubbing
direciion RDR, and intersect the transmission axis MAX2
of the upper polarizer plate POL2 at approximate right
angles. Fig.'18 illustrates their relationships.
25 There are thus obtained normally-closed characteristics
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According to the constitution of neans 17 to 20, both ends of the

counter:- voltage signal lines CL are connected to the common bus |ine
CB which has a 15 resi stance smaller than the resistances of the counter
voltage signal lines CL. It is therefore possible to decr ease
distortion in the waveform of the drive vol tage applied to the
counter electrodes CT fromthe common voltage driver unit 52, to

uni formal i ze the 20 electric field intensity between the pixel electrode
PX and the counter electrode CT in each pixel in the panel, and

to decrease shhﬁgﬂhaﬁ'E e'Er%Q@mf@éiHﬁ'EﬁE%or incrdd¥esOWithsS agl ONg the

counter voltage signal |ne
: increase in the voltage (between the pixel electrode PX

and the counter electrode CT) applied to the pixels.

5 [Constitution of the peripheries of the matrix]
Fig. 10 is a plan view illustrating essential
portions of the peripheries of the matrix (AR) of a
display panel PNL that includes the upper and lower
glass substrates SUB1 and SUB2. Fig. 11 is a sectional
10 wview illustrating on the left side the external
connection terminal GTM to be connected to the scanning
circuit and its vicinity, and illustrating on the right
side the sealing portion where there is no external |
connection terminal and its vicinity.
‘15 When the panel that is to be produced is of a
small size, a plurality of devices are fabricated on a-

_ sheet of glass, and are divided in order to improve the
throughput. _Whea the banei is of a large size, a glass
plate of standard size for common use of the production:

20 facility is worked and divided into a size that may
meet the type. In either case, the glass is cut after
having been processed through predetermined steps.
Figs. 10 and 11 illustrate the latter example, and
illustrate the upper and lower substrates SUBL and SUB2

25 after they have been cut, wherein LN represents edges
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Even in case the counter voltage signal line CL 25 I's broken at a
portion, the common voltage is supplied

25 fromboth ends of the counter voltage signal line CL to
drive liquid crystal of the pixels. Unlike the prior ~art, therefore,
the liquid crystal of pixels after the broken portion can be driven,

~and the quality of

of the two substrates before being cut. In the
finished state in either case, the upper substrate SUB2
is smaller than the lower substrate SUB1l, so that the
portions where there exist external connection terminal
5 groups Tg, Td and terminal CTM (upper side and left

side in the drawings) are exposed. The terminal groups
Tg, Td are named for pluralities of terminals GIM for
conhection to the scanning circuit, terminals DTM for
connection to the video signal circuit,-and lead-out

10 wirings thereof in units of tape carrier package TCP
(6, 7) on which the integrated circuit chip CHI is
mounted. The lead-out wirings from the matrix unit of
each group to the extérnal connection terminal unit are
.8lanted toward both sides. The reason_ié that the

15 terminals DTM, GTM of fhe display panel PNL are in
agreement with the pitch of arrangement of the packages
TCP and the pitch of connection terminals in the
packages TCP. The counter electrode terminal CTM is
for applying a counter voltage to the counter electrode

20 CT from the external circuit. The counter electrode
signal lines CL of the matrix unit are led out to the
opposite side (right side of the drawing) of the
terminal GTM for the scanning circuit, and the counter
voltage signal lines are collected together through the

25 common bus line CB and are connected to the counter
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5 display is not inpaired. Furthernore, the area where the

common bus |ine CB is arranged has the sane cross-sectional structure
as that of an area where the comon bus line CB intersects the gate
signal. line GL or the video signal 10 line DL, making it possible to
decrease irregularity in the filmthickness at the edges of the
substrate where the comon bus line CBis forned, to uniformthe gap
| engt h between two substrates, and to decrease gap irregularity of
the liquid crystal display device. 15 The foregoing and ot her

nggg;f, advoli &85%0de termit@iRe'ord, operation and novel features of the

-Between the transparent glass substrates SUBl1 and
SuB2 is formed a sealing pattern SL except a liquid
crystal filling port INJ in order to pour the liquid
5 crystals LC. The sealing material is, for example, an
epoxy resin. |
The orientation films ORI1 and ORI2 are formed on
the inside of the sealing pattern SL. The polarizer
plates POLl1 and POL2 are formed on the outer surfaces
10 of the lower transparent glass substrate SUBl and the
upper transparent glass substrate SUB2. The liquid
crystals LC are sealed in the regions partitioned by
the sealing pattern SL between the lower orientation
film ORI1 and the upper orientation £ilm ORI2 that
15 determine the orientation of the liquid crystal
molecules. The lower orientation film ORIl is formed
on the protective film PSV1 on the side of the lower
transparent gl#ss substrate SUBI.
In the liquid crystal display device, various
20 layers are stacked separately on the lower transparent
glass substrate SUBl1 and on the upper transparent glass
substfate SUB2, the sealing pattern SL is formed on the
substrate SUB2, the lower transparent glass substrate
SUB1 and the upper transparent glass substrate SUB2 are

25 superposed one upon the other, the liquid crystals IC
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invention will be understood fromthe foll ow ng . detailed description

when read in connection with the acconpanyi ng drawi ngs. 20

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a diagram
schematically illustrating a pi xel for explaining the basic operation
of aliquid crystal display.elenent of the present invention; 25

Fig. 2 is a plan view of essential portions

are poured through the opening INJ formed in the
sealing member SL, and the filling port INJ is sealed
with an epoxy resiﬁ or the like resin. The upper and
lower substrates are then cut to obtain the liquid |

5 crystal display device.

[Gate terminal unit]
Figs. 12A and 12B are views illustrating the
connection structure from the scanning signal lines GL
10 of the display matrix to the external connection
terminals GTM thereof, wherein Fig. 12A is a plan view
and Fig. 12B is a sectional view cut along the line B-B
in Fig. 12A. A.slant wiring is represented bj a
'stralght line only for convenience of illustrationm.
15 Symbol AO denotes the boundary line of the direct
' photoresist drawing or, in other words, a photoresist
pattern of selective anodic oxidation. Therefore, the
photoresist is removed after the anodic oxidation and
~ the pattern AO that is shown does. not remain -in the
20 finished product. As shown in the sectional view,
however, the oxide film AOF is selecti&ely formed on
the géte wiring GL, and its trace remains. In the plan
view, the left side with respect to the boundary line
AO of photoresist is covered with a resist so as not to

25 undergo anodic oxidation, and the right side is not
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26 Il lustrating a pixel and peripheries thereof in a - liquid

crystal display unit of an active matrix-type color liquid crystal

di spl ay device of an enbodinent 1; Fig. 3 is a diagram
illustrating a pattern of a 5 black matrix of enbodi ment 1; -

Fig. 4 is a plan view of essential portions illustrating a pixel and
peripheries thereof in a liquid crystal display unit of an active

matri x-type

covered with the resist and undergoes the anodic
oxidation. The anodically oxidized Al layer gl has an
oxide Al,0; film AOF formed on the surface thereof, and
the conductive portion of the lower side thereof has a

5 decreased volume. The anodic oxidation is carried out
by determining a suitable period of time and a voltage
so that the conductive portion may remain.

| In the drawing, the aluminum layer gl is hatched

for easy comprehension but the region that is not

10 anodically oxidized is patterned like comb'teeth. The
reason is that whiskers develop on the surface when the
aluminum layer has a large width. Therefore, each line
pattern is formed narrow, and a plurality of line
patterns are bundled in parallel to minimize the

15 probability of breakage and the decrease of electric
conductivity while preventing the development of
whiskers.

The gate terminal GIM comprises the aluminum

layer gl and a transparent conductive layer g2 that

20 protects the surface thereof and improves the
reliability of connection to the TCP (tépe carrier
packaée). The transparent conductive film g2 is a film
(indium-tin-oxide ITO: Nesa film) formed by sputtering
and has a thickness of 1000 to 2000 & (about 1400 & in

25 +this embodiment). The conductive layers dl and d2
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color liquid crystal display device of enbodi nent 2; 10 Fig. 5is a

plan view of a plurality of pixels on a liquid crystal display panel
formed by arrangi ng the pi xel s of enbodi nent 1, Fig. 6is
a diagram of an electrically equival ent circuit of two pixels

adj acent to each other in the 15 direction of colum of enbodi ment 1;
Fig. 7 is a sectional view of a pixel cut along the line 3-3 in Fig.
2; Fig. 8 is a sectional view of a thin-film transi stor:

elenent TFT cut along the line 4-4 in Fig. 20 2;
formed on the aluminum layer gl and on the side

surfaces thereof, connect a chromium layer dl to both
the aluminum layer and the transparent conductive layer
g2 in order to compensate poor connecfion betﬁeén the

5 aluminum layer and the transparent conductive layer g2
and to decrease the connection resistance. The
conductive layer'dz remains since it is formed using
the same mask as the one for forming thé conductive
layer dl.

10 | In the plan view, the gate insulative film GI is
formed on the right side of the boundary line, the
protective film PSV1 is formed on the right side of the
boundary line, and the terminal unit GIM located at the
left end is exposed so that it can be in ohmic contéct

15 with an external circuit. The drawing illustrates only
a pair of gate line GL and gate terminal. In practice,
however, pairs are arranged on the upper and lower
sides as shown in Figs. 12A and 12B, constituting a
terminal group Tg (Fig. 10). In the production

20 process, the left end of the gate terminal extends
beyond the region for cutting the substrates and is
short;circuited by the wiring SHg (not shown); In the
production process, this short-circuiting line SHg
serves to feed electric power during the anodic

25 oxidation and to prevent the electrostatic breakdown at
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Fig. 9 is a sectional view of a storage capacitor Cstg cut along the
line 5-5 in Fig. 2; Fig. 10 is a plan view for explaining the
constitution of the peripheries of a matrix of the 25 di spl ay panel ;

27

10

15

20

25

Fig. 11 is a sectional view illustrating panel

the time of rubbing the orientation film ORIl.

[Drain terminal DTM]

Figs. 13A and 13B are views illustrating the
connection of the video signal line DL to the external
connection terminal DTM, wherein Fig. 13A is a plan
view and Fig. 13B is a sectional view cut along the
line B-B in Fig. 13A. These drawings correspond to the
upper portion'of Fig. 19. Since the directions of the
drawings are changed for convenience, the direction of
left end corresponds to the upper end of the substrate
SUBL.

Symbol TSTd denotes a check terminal to which no
external circuit is connected but which is broadened to
be wider than the wiring so that it can be touched by é
probe needle or the like. Similarly, the drain
terminal DTM is broadened to be wider than the wiring
so that it can be connected to an external circuit.

The drain terminals DTM for connection to external
circuit are arranged in the up-and-down direction,
constitute a terminal group Td (subscript is omitted)
as shéwn in Fig. 10, extend beyond the cutting line of
the substrate SUBl, and are all short-circuited by a
wiring SHd (not shown) to prevent the electrostatic

breakdown during the production process. The check
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edge portions with gate signal termnals on the left si de but w t hout

external connection termnals on the ~right side; 5 Figs. 12A
and 12B are a plan view and a secti onal view illustrating the area .
where a gate termnal GIMis connected to a gate wiring G

Figs. 13A and 13B are a plan view and a secti onal view illustrating

the area where a drain termnal DTM 10 IS connected to a video signal

|l ine DL; Figs. 14A and 14B are a plan view and a sectiona

view illustrating the area where a common el ectrode termnal CTM a

comon bus | iwrnGhaandsrdc dgngFormeldt dficevery other video signal
lines DL as shown in Figs. 13A and 13B.

The drain connection terminal DTM is formed by a
single transpafen; conductive layer g2 and is connected

5 to the video signal line DL at a portion where the gate
insulative film GI is removed. The semiconductor layer
AS formed on the end of the gate insulative film GI
serves to etch the edge of the gate insulative film GI
in a tapered form. On the terminal DTM, the protective
10 film PSV has been removed as a matter of course so that
connection to the external.circuit can be made.

The lead-out wiring from the matrix unit to the
drain terminal DTM has layers dl, d2 of the same level
as that of the video signal line DL, that are

15 cdnstituted in the protective film PSV and aré
connected to the transparent conductive film g2 in the
protective film PSV. The reason is that it is
neceSsary to protect the aluminum layer d2 that easily
undergo electrolytic corrosion, as much as possible

20 using the protective film PSV and the sealing pattern.

SL.

[Counter electrode terminal CTM] .
Figs. 14A and 14B are views illustrating the

25 connection from the counter electrode signal line CL to
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signal line CL are connected together; 15 . Fig. 15 is a flow chart

of a sectional view of a pi xel and a gate termnal illustrating the
steps Ato C of fabricating a substrate SUBI,; Fig. 16 is a
flow chart of a sectional view of the pi xel and the gate term nal

Il lustrating the steps 20 Dto F of fabricating the substrate SUBIL;

Fig. 17 is a flow chart of a sectional view of the pixel and the gate
termnal, illustrating the steps Gto Hof fabricating the substrate
SUB1; Fig. 18 is a diagramillustrating the 25 rel ati onshi ps

anong the di rids iextemalihicomnektiohetérminal CTM, wherein Fig. 14A
is a plan view and Fig. 14B is a sectional view cut
along the line B-B of Fig. 14A. These drawings
correspond to the left upper portion of Fig. 19..

5 The counter voltage signal lines CL are collected
together by the common bus line CB and are led out to
the counter electrode terminals CTM. The common bus
line CB has a structure in which the conductive layer
dl and the conductive layer d2 are formed on the

10 conductive layer gl. The reason is that the fesistance
of the common bus line CB is decreased so that the
counter voltage is sufficiently fed to the counter

- voltage signal lines CL from the external circuit.
Accordingly, the counter voltage is sufficiently

15 transmitted even to the terminal pixels,'making it
possible to reduce the occurrence of crosstalk
(particularly, crosstalk in the right-and-left
direction on the.screen) caused by distortion of the
voltage of the counter electrodes CT in response to the

20 video signals fed to the video signal lines DL. This
structure has a feature that the resistance of the
commoﬁ bus line is decreased without additionally
providing conductive layers. The conductive layer gl
of the common bus line CB is not anodized so that it

25 can be electrically connected to the conductive layer
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28 field is applied, the direction of rubbing and the

transm ssion axis of a polarizer plate; Fig. 19 is a diagram of
acircuit illustrating a matrix unit and the peripheries thereof of a
active 5 matrix-type color liquid crystal display device of the

dl and to the conductive layer d2. Besides, the
conductive layer gl is exposed through the gate
insulative film GI.

The counter electrode terminal CTM has a

5 structure in which the transparent conductive layer g2
is formed on the conductive layer gl. The surface is
protected by the transparent conductive layer g2, and
the conductive layer gl is covered with the tfansparent
conductive layer g2 having a good durability in'order

10 to prevent electroiytic corrosion.

In the above—mentioned embodiment, the conductive
layer dl and the conductive layer d2 are formed on the
common bus line CB. The invention, however, is in no
way limited to these conductive layers only. Even in

15 this case, it is possible to decrease the resistance of

the common bus line CB.

[Method of fabrication]
A method of fabricating the substrate SUBl1 of the
20 above-mentioned liquid crystal display device will now
be described with reference to Figs. 15 to 17. 1In
these.drawings, characters at the center represent
abbreviations of the names of the steps, wherein the
left side represehts the portion of the thin-film
25 transistor shown in Fig. 8, and the right side
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present invention; Fig. 20 is a diagramillustrating waveforns

for driving the active matrix-type color |iquid crystal di spl ay
device of the present invention; 10 Fig. 21 is a top view '
illustrating the state where the peripheral driver units are nounted
on a liquid crystal display panel; Fig. 22 is a diagram
illustrating, in cross section, the structure of a tape carrier :
package TCP in 15 which an integrated circuit chip CH constituting the
driver unit is mounted on a flexible wiring substrate; Fig. 23

I's a sectionghys®WabkUEhb2F18% of process near the gate terminal
shown in cross sections of Figs. 12A and 12B. Except
steps B and D, steps A to I are divided according to
the photographic treatment. The sectional view of each

5 step represents a stage after the photographic
treatmeﬁt is finished and the photoresiét is removed.
The photographic treatment in.this embodiment means a
series of operations from the application of the
photoresist to the developing thereof through selective
10 exposure by using a mask. The treatment will now be

described for each of the sectionalized steps.

Step A, Fig. 15.
A conductive film gl made of Al-Pd, Al-Si, Al-Ta,

15 Al-Ti-Ta or thé like having a thickness of 3000 & is

- formed by sputtering on the lower transparent glass

substrate SUBl made of the AN635 glass (trade name).

After the photographic treatment, the conductive film

gl is selectively etched by using a mixed acid solution
20 of phosphoric acid, nitric acid and glacial acetic

acid. There are thus formed gate electrodes GT,

scanning signal linés GL, counter electrodes CT,

counter voltage signal lines CL, electrodes PLl1l, gate

terminals GTM, a first conductive layer of common bus

25 line CB, a first conductive layer of counter electrode
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essenti al

portions in a state where the tape carrier

package TCP is

connected to a termnal GTMfor a gate 20 signal circuit in the liquid

Fig. 25

crystal display panel PNL; _ Fig. 24 is an expl oded perspective
Vi ew illustrating a liquid crystal display nodul e;
Is a diagramillustrating an equival ent circuit of a passage for

transmtting a drive voltage 25 to the counter electrodes CT in the
liquid crystal

15 .

10

20

25

terminals CTM, an anodically oxidized bus line SHg (not
shown) for connecting the gate terminals GIM, and
anodically oxidized pads (not shown) connected to the

anodically oxidized bus line SHg.

Step B, Fig. 15.

After the anodically oxidized mask A0 is formed

"by direct drawing, the substrate SUBl is dipped in an

anodically oxidizing solution which is obtained by

diluting a solution containing 3% of tartaric acid of

which the pH value is adjusted with ammonia to 6.25 %
0.05, with an ethylene glycol solution into 1:9, and
the anodizing current density is adjusted to 0.5 mA/cm?
(constant-current anodization). The anodic oxidation
is carried out until an anodizing voltage of 125 V is
reached, which is necessary for obtaining an Al,;0; film
having a predetermined thickness. Desirably, this
state is then held for several tens of minutes
(constant-voltage anodization). This is important in
view of forming a uniform Al,0; film. Thus, the

conductive film gl is anodlcally oxidized, and

_anodlcally oxidized film AOF having a thickness of 1800

& is formed on the gate electrodes GT, scanning signal
lines GL, counter electrodes CT, counter voltage signal

lines CI. and electrodes PLl.
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29 di spl ay device of Fig. 19; Fig. 26 is a diagram of
characteristics Illustrating waveforns of the drive voltage at each
of the points shown in Fig. 25 5 Fig. 27 is a block diagram
schematical ly ~illustrating the constitution of the Iiquid crystal

di spl ay device of enbodi nent 3; Fig. 28 is a diagram

il lustrating an equi val ent circuit of a passage for transmtting a
drive voltage 10 to the counter electrodes CT in the liquid crystal

Step C, Fig. 15.
- The transparent conductive film g2.of the ITO
film having a thickness of 1400 & is formed by
5 sputtering. After the photographic treatment, the
transparent conductive film g2'is etched with a mixed
acid solution of hydrochloric acid and nitric acid as
an etching solution, in order to form the uppermost
layer of the gate terminal GTM, and second conductive
10 layers of the drain terminal DTM and the counter

electrode terminal CTM.

Step D, Fig. 16.
Ammonia gas, silane gas and nitrogen gas are
15 introduced into a plasma CVD apparatus to form a
silicon nitride film having a thickness of 2200 A.
Then, silane gas and hydrogen gas are introduced into
the piasma-CVD apparatus to form an i-type amorphous
silicon film having a thickness of 2000 A. Thereafter,
20 hydrogen gas and phosphine gas are introduced into the
plasma CVD apparatus to form an N(+)-type amorphous

silicon film having a thickness of 300 A.

Step E, Fig. 16.

25 After the photographic treatment, the N(+)-type
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di spl ay devi ce of enbodi nent 3; Fig. 29 is a diagram of

characteristics illustrating waveforns of the drive voltage at each
of the points shown in Fig. 28; 15 Figs. 30Ato 30C are a
pl an view and secti onal views illustrating the connection of the
counter voltage signal line CL and the comon bus line CB at

point A on the matrix substrate of Fig. 27, Figs. 31A and 31B
are a plan view and a sectional 20 view illustrating the connection of
t he counter voltage signal line CL and the conmon bus |ine CB at

point B on  amorphbBs"Bifii¥oAlURsinaakd -k aAriorphous silicon
film are selectively etched by using SFg¢ and CCl,; as
dry etching gases, in order to form islands of the

i-type semiconductor layer AS.

Step F, Fig. 16.

After the photographic treatment, the silicon
nitride film is selectively etched by using SFg as a
dry etching gas.

10 step G, Fig. 17.

The conductive £ilm dl made of chromium and
having a thickness of 600 A is formed by sputtering,
and the conductive film d2 made of Al-Pd, Al-Si, Al-Ta,
Al-Ti-Ta or the like having a thickness of 4000.& is

15 formed by sputtering. After the photographic
treatment, the conductive f£ilm d2 is etched using the
same solution as the.one used in step A and the
conductive film dl is etched using a ceric ammonium
nitrate solution, in order to form video signal lines

20 DL, source electrodes Sbl, drain electrodes SD2, pixel
electrodes PX, electrodes PL2, second and third
conduétive layers of common bus line CB, and bus line
SHd (not shown) for short-circuiting the drain
terminals DTM. Next, CCl,; and SFg gases are introduced

25 into the dry etching device in order to etch the

ThlS Sheet Has Been Replaced

T I

- 76 -




Figs. 32A and 32B are a plan view and a secti onal view illustrating

the intersection of the video signal 25 line DL and the conmon bus |ine
CB at point C on the 30
matri x substrate of Fig. 27; Figs. 33A to 33C are a plan view

and secti onal

N(+)-type amorphous silicon film and, hence, to
selectively remove the N(+)-type semiconductor layer do0

between the source and the drain.

5 Step H, Fig. 17.

Ammonia gas, silane gas and nitrogen gas are
introduced into the plasma cvb apparatus to provide a
silicon nitride film having a thickness of 1 ym. After
the photographic treatment, the silicon nitride film is

10 selectively etched by a photoengraving technology by
using SFg¢ as a dry etching gas, in order to form the

protective film PSV.

[Equivalent circuit of the whqle display device]

15 ' Fig. 19 is a diagram of connection of an
equivalent circuit of the display matrix unit and of
the peripheral circuits thereof. This circuit diagram
is so drawn as to correspond £o the practical
geometrical arrangement, wherein AR denotes a matrix

20 array in which a plurality of pixels are arranged in a
two-dimensional configuration.

in the drawing, symbol X represents video signal
lines DL, and subscripts G, B and R are added fo green,
blue and red pixels, respectively. Symbol Y denotes

25 scanning signal lines GL, and subscripts 1, 2, 3, =---,
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views illustrating another exanple of connection of the count er

vol tage signal line CL and the comon bus line 5 CB at point A on the
matri x substrate of Fig. 27; Fig. 3 is a plan view illustrating
anot her arrangenment of the common bus |ine CB of enbodi ment 3;

Fig. 35is a plan viewillustrating a further arrangement of the
comon bus |line CB of enbodinent 3; 10 Figs. 36A to 36C'are a plan
vi ew and secti onal views illustrating the connection of the counter
voltage signal line CL and the common bus line CB at a poi nt

correspondi ngnido agel addadofint Bhendidéx ofibsdamiing timigfgshig. 27 in the
liquid crystal display device of

The scanning signal lines Y (subscript is
omitted) are connected to a vertical scanning circuit
Vv, and the video signal lines X (subscript is omitted)

5 are connected to a video signal driver unit H.

SUP denotes a circuit inclusive of a power-source
circuit for producing a plurality of voltages that aré
produced by dividing the voltage of a voltage source
and stabilized, and a circuit for converting the

10 information for CRT (cathode-ray tube) from a host

(higher order arithmetic unit) into information for TFT

liquid crystal display device.

[Driving method]

15 Fig. 20 illustrates waveforms for driving the
liquid crystal display device of the present invention.
The counter voltage has an AC rectangular waveform and
has two values, i.e., Vch and Vcl. In synchronism
therewith, the non-seléction'voltage of the scanning

20 signals Vg(i-1) and Vvg(i) is changed into two values,
i.e., Vglh and Vvgll for every scanning period. The
amplifude of the counter voltage is set to be equal to
the amplitude of the non-selection voltage. The video
signal voltage has a value which is the remainder

25 obtained by subtracting one-half the amplitude of the
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15 enbodi ment 4; Figs. 37A and 37B are a plan view and a

secti onal view illustrating the connection of the counter voltage
signal line CL and the conmmon bus |ine CB at a point corresponding to
point B on the matrix substrate of 20 Fig. 27 in the liquid crystal

di spl ay device of enbodi nent 4; Figs. 38A and 38B are a
pl an vi ew and a secti onal view illustrating the intersection of the
vi deo si gnal line DL and the common bus line CB at a point 25

corresponding to point C of the matrix substrate of
counter voltage from a voltage that is to be applied to

the liquid crystal layer.
The counter voltage may be a ﬁc voltage. By
employing an AC voltage, however, it is possible to
5 lower the maximum amplitude of the video signal voltage
and, hence, to employ a video signal driver unit
(signal side driver) having a decreased breakdown

voltage.

10 [Operation of storage capacitor Cstg]

The storage capacitor Cstg is provided in order
to store video data written into a pixel (after the
thin-film transistor TFT is turned off) for a extended
period of time. According to the system in which the

15 electric field is applied in.parallel with the surface
of the substrate employed by the present invention
unlike the system in which the electfic field is
applied vertically to the surface of the substrate,
there exists almost no capacitance (so-called liquid

20 crystal capaciténce) that is created by the pixel
electfode and the counter electrode. Namely, the
liquid crystal capacitance is incapable of storing
video data in the pixel. In the system in which the
electric field is applied in parallel with the surface

25 of the substrate, therefore, the storage capacitor Cstg
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31 Fig. 27 in the liquid crystal display device of

enbodi nent 4; and Fig. 39 is a plan view il lustrating another
arrangenment of the conmon bus |ine CB of enbodinent 4. 5 DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Furt her objects and features of the
pr esent

is an essential constituent element.
When the thin-film transistor TFT undergoes the
switching operétion, furthermore, the storage capacitor
Cstg serves to lower the effect of a change AVg in the
5 gate potential upon the pixel electrode poiential Vs.
This is expressed by ﬁhe following formula,
AVs = {Cgs/(Cgs + Cstg + Cpix)} x AVg
where Cgs is the parasitic capacitance formed between
the gate electrode GT and the source electrode SD1 of
10 the thin-film transistor, Cpix is the capacitance
formed between the pixel electrode PX and the counter
electrode CT, and AVs is the change in the pixel
electrode potential caused by Avg, i.e., is the feed-
through voltage. This change AVs is a cause of the DC
15 component applied to the liquid crystal LC, but can be
decreased with an increase in the storage capacity
Cstg. A decrease in the DC component applied to the
liquid crystals LC leads to a long life of the liquid
crystals LC and reduces the so-called printing image in
20 which the preceding picture remains when the picture on
the liquid crystal display screen is changed.
As described earlier, since the size of the gate
electrode GT is increased so as to completely cover the
i-type semiconductor layer AS, the area where the gate

25 electrode GT and the source electrode SD1 overlap one
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i nvention will becone obvious fromthe foll ow ng ~description in

conjunction with the draw ngs. - 10 [Active matrix |liquid crystal

di spl ay devi ce] An enbodi ment in which the present invention is
adapted to a color liquid crystal display device of the active matrix
systemw || be described below In the 15 draw ngs, those portions
havi ng the sane functions are denoted by the sane reference nunerals
and their description will not be repeat ed. First, prior
to illustrating enbodi nents of the present invention, the basic

operation of ypba theubther is accordingly increased and, hence, the
parasitic capacitance Cgs is increased, giving an
adverse effect fhat the pixel electrode potential Vs is
easily affected by the gate (scanning) signal Vg.
5 However, the provision of the storage capacitor Cstg

eliminates this demerit.

[Method of connecting counter wvoltage signal lines CL
to common bus line CB] |
10 Fig. 27 is a block diagram schematically
illustrating the constitution of the liquid crystal
display device of a third embodiment according to the
present invention.
The liquid crystal display device of this
15 embodiment is composed of a matrix substréte SUBl1 in
which the pixels 120 are arranged in the form of a
matrix, a counter substrate SUB2, a timing controller
100, a drain driver unit 102, a gate driver unit 104, a
common voltage generator and driver unit 103, and
20 liquid crystals (not shown) sealed between the matrix
_ substrate SUB1l and the counter substrate SUB2.
6n the matrix substrate SUBl are arranged the
video signal lines DL for feeding a drive voltage
necessary for driving the pixels 120 and the scanning

25 signal lines GL. The video signal lines DL and the
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20 crystal display elenent to which the present invention S
applied will be expl ai ned. - Figs. 1A to 1D are schenatic di agrans
of a pixel for explaining the operation of a liquid crystal

di splay el enment to which the present invention is 25 appl i ed, wherein
Fig. 1A is a sectional view of when no

32 '

scanning signal lines GL are perpendicular to each

other and surround the pixels 120, the video signal

lines DL being éonnected to the drain driver unit 102

and the scanning signal lines GL being connected to the
5 gate driver unit 104.

The counter voltage signal lines CL connecéed to
the counter electrodes CT in the pixels 120 are
arranged in parallel with the scanning signal lines GL. -
The counter voltage signal lines CL are further

10 connected at their both ends to the common voltage
generator and driver unit 103 via the common bus. line
CB. |

The gate driver unit 104 and the drain driver

qnit 102 are"connected to the timing controller 100.

15‘ The timing éontroller-loo receives video signals and
timing sigﬁais from'the'externai host 101, and the
drain driver.unit'loz generates a drive voltaée
corresponding to the video signal and feeds it to the
video signal lines DL in response to a timing signal.

20 : The gate driver unit 104 receives timing signals
fed from the timing controller 100, generates a gate
drive.voltage corresponding to the wvideo signal, and
feeds it to the scanning signal lines GL in response to
a timing signal.

25 As a result, the drain voltage corresponding to
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voltage is applied, Fig. 1B is a sectional view of when a voltage is

applied, Fig. 1Cis a plan view of when no vol tage is applied, and
Fig. 1D is a plan view of when a voltage is applied. In these

drawi ngs, SUB1 and SUB2 5 denote transparent gl ass substrates
(hereinafter often referred to sinply as substrates), CT denotes a
count er el ectrode, G denotes an insulating film DL denotes a

video signal line, PX denotes a pixel electrode, PQOLI - and POL2 denote

pol ari zer plates, MAX1l denotes the 10 pol ari zing axis of the | ower
pol ari zer pl ailfe Wwi6d signaldégokaeckbgipelqr appliedxts tHe tgixelper

pol ari zer
120 in the matrix substrate SUBL.
In this embodiment, the counter voltage signal
lines CL are connected at their both ends to the common
5 bus line CB. Here, the common bus line CB is formed on
the non-display region of the matrix substrate and is
allowed to have an increased width. Therefore, the
resistance of the common bus line CB can be set to be
smaller than the resistance of the counter voltage
10 signal lines CIL.

Fig. 28 is a diagram illustrating an equivalent
circuit of a passage for transmitting the drive vbltage'
applied to the counter electrodes CT in the liquid
crystal display device of this embodiment, and Fig. 29

15 is a diagram showing waveforms of the drive voltage at
the respective points of Fig. 28.

Since the resistance 59 of the common bus line CB
is smaller than the resistance 58 of the counter
voltage signal lines CL, the waveforms of the drive

20 voltage fed from the common voltage driver unit 60 to
the points D, E, F and G in Fig. 28 become a counter
voltaée 62 at point D, a.counter voltage 63 at.point E,
a counter voltage 64 at point F and a counter voltage
65 at point G, respectively, as shown in Fig. 29.

25 As will be understood from Fig. 29, this
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pl ate, RDR denotes the initial orientation of liquid crystal

nol ecul es, EDR denotes the direction of electric field, BMdenotes a
black matrix, FIL denotes 15 a color filter, OC denotes a flattening
film ORI1 and ORI 2 denote orientation filns, and LC denotes liquid
crystals (rod-like liquid crystal nolecul es). In the liquid
crystal display elenent, the pol ari zer plate POL2, |ight-shielding
black matrix BM 20 color filter FIL, protective filmQOC and orientation
filmORI 2 are forned on one substrate SUB2 of the two t ranspar ent

glass subst ghgaaGhBl .G SLaP: (edikle to rdidl Bk SBL Vvia the

liquid crysta
the waveform of the drive voltage fed to the counter

electrodes CT from the common voltage driver unit 60 of
the common voltage generator driver unit 103.

5 Therefore, the intensity of the electric field
between the pixel electrode PX and the counter
electrode CT becomes nearly uniform in the pixels 120,
making it possible to decrease variation in the
brightness along the counter voltage signal lines CL.

10 Even when the counter voltage signal line CL is
broken at a portion, the drive voltage is supplied to
the counter electrode CT from both ends of the counter
voltage signal line CIL, preventing the display quality
from being impaired, unlike the prior art, when the

15 drive voltage is no longer supplied to the counter
electrode CT of the pixels 120 after the broken portion
and when the liquid crystals are no longer driven.

Fig. 30A is a plan view illustrating the 
connection of the counter ﬁoltage signal line CL and

20 the common bus line CB at pbint A on the matrix
substrate of Fig. 27. Fig. 30B is a sectional view cut
along.the line I-I' in Fig. 30A, and Fig. 30C is a
sectional view cut along the line.H-H' in Fig. 30A.

At point A shown in Fig. 27, the scanning signal.

25 line GL and the counter voltage signal line CL are
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formed the polarizer plate POLI, orientation filmOR 1, 25 drain
el ectrode SD2, pixel electrode PX, counter

33 el ectrode CT, wirings and thin-filmtransistor. These
drawi ngs do not show wirings and thin-filmtransistors.

Referring to Figs. 1A and 1C, liquid crystals LC

formed on the matrix substrate by using aluminum layer
gl and are anodically oxidized so as to form aluminum
oxide AOF on the signal lines. By using a resist in
this case, it is intended not to form aluminum oxide

5 AOF at the ends of the counter voltage signél lines CL.
Next, a gate oxide film GI is formed. At this moment,
a contact hole CHL is formed in the ends of the counter
voltége signal lines CL. Then, by using a chromium
layer dl and an aluminum layer d2, the video signal

10 line DL and the common bus line CB are formed
simultaneously. The common bus line CB is formed even
on the ends of the counter voltage signalllines CL, and
the common bus line CB and the counter voltage signal
lines CL are eléctrically connected together through

15 contact holes CHL at the ends of the counter vdltage
signal lines CL. Finally, the protective film PSV is
formed fgllowed by a surface treatment.

Figs. 31A is a plan view illuétrating the

connectidn of the counter voltage signal lines CL and

20 the common bus line CB at point B on the matrix
substrate of Fig. 27, and Fig. 31B is a sectional view
cut aiong the line J-J' of Fig. 31A.

The scanning signal lines GIL, counter voltage

signal lines CL and commoh bus line CB are

25 simultaneously formed on the matrix substrate by using
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have been oriented in advance by the orientation filnm 5 ORI1 and ORI 2

in the orientation RDR that is substantially in parallel with the
surface of the substrate SUBL. In this state, the initial orientation
RDR of the liquid crystals LCis nearly in agreenent with the

pol ari zing axis MAX1 of the polarizing plate 10 POL1, the polarizing
axis MAX1 and the polarizing axis MAX2 of the other polarizing plate
PCOL2 intersect at right angles, and the pixel is in a non-display
state. Next, referring to Figs. | B and 1D, mhen a vol t age
;zrﬁgglgﬁdtﬁeyreen thggggunt r elgﬁgaggglfg'gggdlzed L& f(g)lxel el ectrode PX

aluminum oxide AOF on the signal lines. Furthermore, a
gate oxide film GI is formed thereon. By using a
resist in this case, it is intended not to form

5 aluminum oxide AOF and gate oxide film GI at the ends
of the counter voltage signal lines CL and on the
common bus line CB. Next, the video signal lines DL
are formed by using_two layers, i.e., chromium layer dl
and aluminum layer d2. At the same time, the chromium

10 layer dl and the aluminum layer d2 are formed even on
the common bus line CB. Thus, the common bus.line CB
is constituted by the aluminum layer gl, chromium layer
dl and aluminum layer d2 and possesses a small
resistance. Finally, the protective film PSV is formed

15 followed by a surface treatment.

Fig. 32A is a plan view illustrating the
_intersection of the video signal lines DL and the
‘common bus line CB at point C on the matrix substrate 8
of Fig. 27, and Fig. 32B is a sectional view cut along

20 the line K-K' in Fig. 32A. The scanning signal lines
GL and the counter voltage signal lines CL are formed
on thé matrix substrate by using aluminum layer gl, and
are anodically oxidized to form aluminum oxide AOF on
the signal lines.

25 " Then, the gate oxide film GI is formed, and the
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SUBL in order to create an electric field (having a
substantially in parallel with the
liquid crystal

20
pi xel

and

parallel with the surface of the substrate SUBL. Then,

beconmes a display state. A | arge nunber of
to constitute a display panel.
uni t (pixel

10

15

20

25

video signal 1ines.DL are formed by using two layers,
i.e., chromium layer dl1 and aluminum layer d2.
Finally, the protective film PSV is formed followed by
a surface treatment.

In Figs. 30A to 30C, the connection portions .
(contact holes CHL) between the counter voltage signal
lines CL. and the common bus line CB are formed in the
regions between the common bus line CB and the-video
signal lines DL. Not limited only thereto, however,
the contact holes CHL may be formed in the regions on
the side opposite to the video signal lines DL with
respect to the common bus line CB as shown in Figs. 33A
to 33C.

Figs. 33A is a plan view of another example of
connection of the counter voltage signal lines CL and
the common bus line CB at point A on the matrix
substrate of Fig. 27, Fig. 33B is a sectional view cut
along the line Q-Q' in Fig. 337, and Fig. 33C is a
sectional view cut along the line R-R' in Fig. 33A.

At point A shown in Fig. 27, the scanning signal
lines GL and the counter voltage signal lines CL are
formea'on the matrix substrate using the aluminum layer
gl, and are anodically oxidized to form aluminum oxide
AOF on the signal lines. By using a resist in this

case, it is intended not to form the aluminum oxide AOF
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surface of the substrate SUB1,
nol ecul es LC are twi sted on a plane substantially in

t he

pi xel s are arranged
[ Planar constitution of a matrix
unit)] 25 Fig. 2 is a plan viewillustrating a pixel



34 peripheries thereof in the active matrix-type col or l'iquid
crystal display device of a first enbodi nent of the present invention.
Referring to Fig. 2, each pixel is provided in a 5 region (surrounded by
four signal lines) where the gate signal line (gate signal |ine or

hori zontal signal line) G, counter voltage signal |ine (counter

at the ends of the counter voltage signal lines CL.
Next, the gate oxide film GI is formed. At this
moment, contact holes CHL are formed in the ends of the
counter voltage signal lines CL. Next, the video
5 signal lines DL and the common bus line CB are
simultaneously formed by using two layers, i.e.,
ch;omium layer di and aluminum layer d2.
The common bus line CB is formed even on the ends

of the counter voltage signal lines CL, and the common

10 bus line CB and the counter voltage signal lines CL are
electrically connected together through the contact
holes CHL formed in the ends of the counter voltage
signal lines CL. Finally, the protective film PSV is
formed followed by a surface treatment.

15 In the embodiment shown in Figs. 33A to 33C, the
aluminum oxide AOF is formed on the portions where the
counter voltage signal lines CL intersect the common
bus line CB.

'In general, furthermore, the aluminum oxide AOF

20 is formed even on the scanning signal lines GL and,
hence, it is necessary to form a contact hole CHL even
in thé portions where the scanhing signal lines GL are

' connected to the gate driver unit 104.
'By using a resist, furthermore, it is intended

25 not to form the aluminum oxide AOF on the portions
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el ect rode wiring) CL and two adj acent video signal | i nes (drain signal

lines or vertical signal lines) DL 10 I ntersect. Each pixel includes a
thin-filmtransistor TFT, a storage capacitor Cstg, a pixel electrode
PX and a counter electrode CT. The gate signal lines GL and t he
counter voltage signal lines CL extend in the right-and-left direction
in the drawing and are 15 arranged in a plural nunber in the up-and-down
direction. The video signal lines DL extend in the up- and- down
direction and are arranged in a plural " nunber in the right-and-1eft

?i recti ?n. Thindteothe contaHeHJ1e3eCHE h¥eCeBNBE! @8rheglhe thin-film
Aot In the embodiment shown in Figs. 30A to 30C, in
this case, it is necessary to precisely form the resist
for forming contact holes CHL through which the counter
5 voltage signal lines CL and the common bus line CB are
connected together.

In the embodiment of Fng 33; however, a resist
is formed on the periphery on the matrix substrate on
the side opposite to the video signal lines DI with |

10 respect to the common bus line CB, in order to form
contact holes CHL for connecting the counter voltage
‘signal lines CL to the common bus line CB and contact
holes CHL for cdnnecting the scanning signal lines GL
to the gate driver unit 104. Beéides, when phe resisf

15 is directlf drawn, the precision can be made loose.

As described above, the common bus line CB is
formed along the edge of the panel using the same
materials and through the same producﬁion steps as
those of the scanning signal lines GL and the video

20 signal lines DL. The common bus line CB is further
connected to both ends of the counter voltage sighal
lines.CL.

Figs. 34 and 35 are diagrams illustrating further

arrangements of the common bus line CB of the

25 embodiment.
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20 TFT, and the counter electrode CT is forned integrally wth the

counter voltage signal |line CL. The two adj acent pixels al ong

t he vi deo signal | ine DL have a planar constitution such that they
have the sane size and pattern. The reason is that the 25 counter
vol t age S|gnal line CL is used in common by the

35 :

The common bus line CB need not be extended along -
all of the edges of the panel that is shown in Fig. 27.
As shown in Fig, 34, the common bus line CB may be
extended avoiding the region where the video signal
5 lines DL are connected to the drain driver unit 102.

_ This makes it possible to decrease parasitic
capacitance produced at portions where the video signal .
lines DL intersect the common bus line CB.

As shown in Fig. 35, furthermore, the common bus

10 line CB may be divided into a plurality of common bus
lines CBA, CBB which are extended from the panel and

are connected together in the driver unit provided in

. the periphéry. This makes it possible to decrease the

length of the common bus line CB inside the panel.

15 o L
[Thickness adjustment film AD]
A liquid crystal display device of a fourth
embodiment which uses a thickness adjustment film AD as
a constituent element will be described below.
20 Fig. 36A is a plan view of a portion where the

counter voltage signal line CL at a point corresponding
to point A on the matrix substrate of Fig. 27 is
connected to the common bus line CB in the liquid
crystal display device of embodiment 3. Fig. 36B is a

25 sectional view cut along the line M-M' in Fig. 36A, and
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two vertically adjacent pixels along the video signal | ine DL,
wi dth-of the counter voltage signal ‘|ine CL is increased and,

the resi stance of the counter voltage signal line CL is decreased.
makes it easy to sufficiently feed a counter voltage to

This 5

counter electrodes CT of the pixels arranged in the

direction froman external circuit. The pi xel el ectrode
t he counter

state of

10

t he
hence,

t he

ri ght-and-Ileft

PX and

el ectrode CT are opposed to each other, and the optical

the liquid crystals LCis controlled by an electric

field bet Wee'hfgf.crkeﬁ]’é@ diag:a%%:%ﬁlﬁ%Péi@ﬂdcﬁgeaf&‘r@tﬁ{e line hCtipde CT,

thereby to con

10

15

20

25

0
Fig. 36A.

At a point corresponding to point A of Fig. 27,
as shown in Fig. 36A, the scanning signal lines GL and
the counter voltage signal lines'CL are formed on the
matrix substrate using the aluminum layer gl and, at
the same time, a thickness adjustment film AD is
formed. The thickness adjustment film AD is formed in
the form of islands at least among the scanning signal
lines GL, but are not electrically connected to the
scanning signal liﬁes GL. Then, by using the same
material as that of the video signal lines DL, the
common bus line CB is formed to pass at least over the
thickness adjustment film AD.

Figs. 37a is a plan view illustrating the
connection of the counter voltage signal lines CL and
the common bus line CB at a point corresponding to
point B on the matrix substrate of Fig. 27 in the
liquid crystal display device of embodiment 4. Fig.
37B is a sectional view cut along the line 0-0' in Fig.
37A. At a poinf corresponding to point ﬁ of Fig.'27,
as shéwn in Fig. 37a, the scanning signal lines GIL,
counter voltage signal lines CL and coﬁmon bus line CB
are simultaneously formed on the matrix éubstrate by

using the aluminum layer gl and, then, the video signal
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pi xel electrodes PX and the counter electrodes CT are formed |ike
conb teeth, and extend in a slender formin 15 the up-and-down direction.
When the pixel electrodes PX and the counter el ectrodes CT are
arranged on the surface of the same substrate, the liquid crystal

di splay elenent of this enbodi nent makes it possible to increase the
area of 20 t he openi ng portion of the pixel that transmts |ight

and to increase the width of the counter voltage signal line CL
conpared with the wiring constitution in which t he counter voltage

signal |ine Qinds Y afedHitkness adgiEeiieRY fiEm!iA® Dt efSrmpsi acent to
each other in the
via the gate oxide film AOF. The thickness adjustment
film AD is formed on the common bus line CB.
Figs. 38A is a plan view'illustrating the

5 intersection of the video signal line DL and the common
bus line CB at a point corresponding to point C of the
matrix substrate of Fig. 27 in the liquid crystal
display device of embodiment 4. Fig. 38B is a
sectional view cut along the line P-P' in Fig. 38A. At

10 a point corresponding to point C of Fig. 27, as shown
in Fig. 383, the scanning signal lines GL and counter
voltage signal lines CL are formed on the matrix
subétrate_by using the aluminum layer gl, and the video
signal lines DL and thickness adjustment film AD are

15 formed on the gate oxide film GI.

The thickness adjustment film AD is formed in the

form of iélands at least among the video signal lines
DL but are not electrically connected to the video
signal lines DL. The thickness adjustment film AD is

20 also formed on the common bus line CB. With the
thickness adjustment film AD inserted, the portion
where'the common bus line CB is formed possesses the
same sectional structure and the same thickness. This
makes it possible to uniformalize the thickness of the

25 common bus line CB formed along the edge of the
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25 direction of col um. 36

As a result, the counter voltage signal line CL has a decreased

resi stance, the conmmon signals are snoot hl y propagated, the picture
quality is inproved, and the conmmon signal generator unit consunes a
reduced

substrate, to decrease variation in the thickness of
the edges of the substrate, to maintain constant the
gap length between the two substrates and, hence, to
decrease variation in the gap length of the liquid

5 crystal display device.

Fig. 39 is a diagram illustrating another
arrangement of the common bus of embodiment 4.

In forming the common bus line CB along the edges
of the panel, dummy signal lines DMY may be formed

10 using the same material and maintaining the same
thickness as those of the common bus line CB in the
regions where no common bus line CB is arranged, as
shown in Fig. 39, in otder to decrease variation in the
thickness along the edges of the panel.

15 |
[Display panel PNL and drive circuit substrate PCBl]

Fig. 21 is a top view illustrating a state where
a video signal (drain) driver unit H and a vertical
scanning (gate driver) unit V are connected to the

20 display panel PNL shown in Fig. 10.

Symbol CHI denotes driver IC chips (the lower
five ére driver IC chips on the side of the vertical
scanning circuit, and the left ten are driver IC chips
on the side of the video signal driver circuit) for

25 driving the display panel PNL. Symbol TCP denotes tape
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5 amount of electric power.

By commonly using the counter

vol tage signal line CL, furthernore, the nunber of portions where the

vi deo

signal line DL intersects the counter voltage signal

i ne

CL is decreased by about 25% conpared with that of 10 . the conventi onal

structure,

and probability of

short-circuiting between the video
signal line DL and the counter voltage signal |line CL decreases.
Fig. 6 is a diagramof an electric equival ent

circuit of two pixels

adj acent to each other in the 15 direction of columm, constituting the

liquid crystglarrier pllckBlg@% SheiWhTEn Cdrfrdfl £ AnfiS Hrd mddritled Syst em of

10

15

20

25

by a tape-automated-bonding method (TAB), and PCBl
denbtes a driver circuit substrate on which TCPs and
capacitors are mounted, which is divided into two for
the video signal driver unit and the scanning signal
driver unit. Symbol FGP denotes a frame ground pad to

which are soldered spring-like pieces formed by cutting

.a shielding case SHD, and FC denotes a flat cable for

electrically connecting the lower driver circuit
substrate PCB1 and the left driver circuit substrate
PCB1 together. The flat cable FC has, as shown, a

plurality of lead wires (phosphor-bronze wires plated

" with tin)_éhat'are supported and sandwiched by a

polyethylene layer and a polyvinyl alcohol layer of a

striped shape: - : ' _ e

[Structure for connecting TCP]

Fig. 22 is a diagram illustrating, iﬁ cross
section, the structure of a tape carrier package TCP in
which an integrated circuit chip CHI is mounted on a
flexible wiring substrate to constitute the scanning
signai driver unit V and the video signal driver unit
H, and Fig. 23 is a sectional view illustrating
essential portions in a state where the tape carrier

package TCP is connected to a terminal GTM for a signal

N
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t he enbodi nent. In Fig. 6, reference nuneral 24 denotes a wring

fromthe video signal line DL to the drain el ectrode 20 SD2, 31 denotes
the interline capacitance between the counter voltage signal line CL
and the video signal line DL, 32 denotes the interline capacitance
bet ween the gate signal line G. and the video signal line DL,

and 33 denotes the interline capacitance between the 25 gat e -el ectrode
GI and the pixel electrode PX

circuit in the liquid crystal display panel PNL.
In the drawing, symbol TTB denotes an input
terminal/wiring unit of the integrated circuit CHI, and
TTM denotes an output terminal/wiring unit of the
5 integrated circuit CHI, which are made of, for example,
copper. To their ends (usually called inner leads) on
the inside are connected bonding pads PAD of the
. integrated circuit CHI by a so-called facedown bonding
method. The ends (usually called outer leads) on the
10 outer sides of the terminals TTB and TTM correspond to
the inputs and outputs of the semiconductor integrated |
circuit chip CHI, and are connected by soldering to a
CRT/TFT converter circuit/power source circuit SUP, and
are further connected by anisotropic conductive film
15 ACF to the liquid crystal display panel PNL. The
package TCP is connected to the panel in a manner that
the ends thereof covers the protective film PSV through
which are exposed the connection terminals GIM on the
side of the panel PNL. Therefore, the external
20 connection terminals GTM(DTM) are covered by either the
protective film PVS1l or the package TCP, and are strong
againét electrolytic corrosion.
Symbol BF1l denotes a base film made of polyimide
or the like, and SRS denotes a solder resist film for

25 masking so that the solder may not bé applied to
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- 37 - The constitution of enbodiment 1, as shown in the
drawi ngs, nekes it possible to decrease the parasitic ‘capaci tance 31
bet ween the video signal |line DL and the counter voltage signal line
CL, and to snmoothly 5 propagate liquid crystal drive signals to the drain
el ectrodes SD2 and to the counter electrodes CT through the active

filter wiring. According to this enbodi nent as descri-bed above,
it is possible to inprove the picture quality and to

undesired portions during the soldering. The gap
between the upper and lower glass subsirates on the
outer side of the sealing pattern SL is protected,
after washing, by an epoxy resin EPX and the like. The
5 gap between the package TCP and the upper substréte
SUB2 is filled with a silicone resin SIL to provide

multiple protection.

[Driver unit substrate PCB2]

10 On the driver unit substrate PCB2 are mounted
electronic parts such as ICs, capacitors and resistors.
on the driver unit substrate PCB2 are mounted a circuit
SUP inclusive of a power source circuit for producing a
plurality of stable voltages by dividing a voltage from

15 a voltage source and a circui£ that converts the data
for CRT (cathode-ray tube) from the host (higher
arithmetic unit) into the data for the TFT liquid
‘crystal display device. Symbol CJ denotes a connector
connection unit, to which is connected a connector that

20 is connected to an external unit but that is not shown.

The driver unit substrate PCBl is connected to

the driver unit board PCB2 through the flat cable FC.

[Whole constitution of the liquid crystal display
25 module]
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10 decrease the consunption of electric power by the si gnal
generator unit. As shown in Fig. 2, furthernore, the gate

el ectrodes GI, gate signal lines GL and thin-film transi stors TFT are
devi ded by the two pixel s adjacent 15 to each other in the direction of
columm, the drain el ectrode SD2 is used in comon, and the wiring 24
from the comonly used drain electrode SD2 to the video - si gnal
line DL is provided between the opposing gate signal lines G. The
constitution of this enbodi ment 20 makes it possible to decrease the

Zagat\ghere the drgig. 24 ischfCkkpUSasDpérégscenis iargate signal line G
illustrating the constituent parts of the liquid
crystal display module MDL.
Symbol SHD denotes a frame-like shielding case
5 (metal frame) made of a metal plate, LCW denotes a
display window thereof, PNL denotes the liquid crystal
display panel, SPB denotes a light diffusion plate, LCB
denotes a 1ight conductor, RM denotes a reflector
plate, BL denotes a backlight fluorescent tube, and LCA
10 denotes a backlight case, which are stacked vertically.
as shown to assemble a module MDL.
The whole module MDL is secﬁred by pawls and
hooks provided in the shielding case SHD.
The backlight case LCA contains the backlight
15 fluorescent tube BL, light diffusion plate SPB, light
conductor LCB and reflector plate RM. fLight emitted
from the backlight fluorescent tube BL disposed on one
side of the light conductor LCB is rendered backlight
which is uniform on the display surface through the
20 light conductor LCB, reflector plate RM and light
diffusion plate SPB, and is emitted to the side of the
liquid crystal diSplay panel PNL.
To the backlight fluorescent tube BL is connected
an inverter circuit substrate PCB3 which is a power
25 source for the backlight fluorescent tube EBL. _
-
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decrease the probability of short-circuiting between the drain

el ectrode SD2 and the gate signal line G. Referring to the
equi valent circuit of Fig. 6, 25 the parasitic capacitance (interline
capaci tance) 32 38

decreases between the drain electrode SD2 and the gate

As will be obvious from the foregoing
description, the following representative effects are
obtained from the liquid crystal display device of the
present invention.

5 (1) Rise in the drive voltage is suppressed, and
so-called crosstalk (smear) decreases. There is
therefore provided a liquid crystal display device
which offers a wide angle of view like that of
cathode-ray tubes, operates on a low voltage, consumes

10 a decreased amount of electric power, and maintains a
good picture quality.
(2) The width of wiring is broadened without
deéreasing the opening areas of the pixels that
contribute to the display, the resisfance of thé Wiring

15 is . decreased to improve the picture quality, and the
driver unit consumes a decreased amount of electric
power.

Besides,‘the number of places or the areas where
the wirings intersect is decfeased, the probability of

20 short-circuiting among the wirings‘is decreased, and
the parasitic capacitances are decreased among the
wirinés, making it possible to improve the quality of
picture and to decrease the consumption of electric
power by the driver unit.

25 By utilizing the effect of using the drain
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signal line G, signals can be snoothly propagated to the gate

el ectrodes GI, the picture quality is | nproved, and a decreased
anount of electric power is 5 consuned by the signal generator unit.

The constitution of this enbodiment in which the counter voltage
signal line CL is used in common and the drain electrode SD2 is used
I n common by the two pi xel s adjacent to each other in the direction
of 10 colum, can be further applied to a conventional liquid

‘crystal display panel of vertical electric field system

The position gfedtroddl n-Sp2 int comfbal, Ofuftiet@dre, it is possible
to increase the number of thin-film transistors in a
pixel without increasing the areas where the wirings
intersect. By providing a plurality of thin-film

5 transistors for a plurality of pixel electrodes PX,
furthermore, it is possible to obtain normal display
even when a pixel electrode PX is disconnected at a
portion. Even when one of the thin-film transistors is
defecfive, normal display is obtained by cutting out

10  the defective thin-film transistor.
(3) Both ends of the counter voltage signal lines.CL
are connected to the common bus line CB, and the
resistance of the common bus line CB is éet to be
smaller than the resistance of the counter voltage

15 signal lines.CL. It is therefore made possible to
decrease distortion in the waveform of the voltage for
driving the counter electrodes CT fed from the common
voltage driver unit 52, to nearly uniformalize the
electric field intensity between the pixel electrode

20 and the counter electrode CT in the pixels in the
panel, and to decrease variation in the brightness that
occuré along'the counter voltage signal lines CL.. With
both ends of the counter voltage signal lines CL
connected to the common bus line CB, furthermore, the

25 common voltage can be supplied to both ends of the
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be noved on the gate signal line GL without increasing 15 the area of

I ntersection of the drain el ectrode SD2 and the gate el ectrode GI.
Here, the pixel electrode PXin the liquid crystal display el enent
according to the present invention is of a narrow linear form which
may cause 20 the pixel to becone defective when it is broken.

Fig. 41s aplan viewillustrating the structure of a pi xel
constituting a liquid crystal display el enent of a second enbodi nent
according to the present i nvention. As shown in Fig. 2, the thin-film

25  transi sicguntérTvaleage 8igialelliheéaiCL hendlligdid \emfstals in
the pixels can be driven even in cése any counter
voltage signal line CL is broken disconnected at a
portion. Unlike the prior art, therefore, it does not

5 happen that liquid crystals in the pixels after the
disconnected portion are not driven, and the quality of
display is not impaired.

(4) The region where'the common bus line CB is
arranged has a cross-sectional structure which is the
10 same as the cross-sectional structure of the portions
where the common bus line CB intersects the scanning
signal lines GL or the video signal lines DL. It is
therefore made possible to decrease variation in the
thickness of the edges of the substrate where the
15 common bus line CB is formed and, hence, to make
constant the gap length between the two pieces of
substrates to decrease variation in the gap of the
liquid crystal display device.
Though the present invention has been concretely
20 described above by way of embodiments, it shoﬁld be
noted that the invention is in no way limited to the
above'embodiments only but can be modified in a variety
of ways without departing from the spirit and scope of
the invention. In the above-mentioned embodiments, for
25 instance, amorphous silicon thin-film traﬁsistors TFT

/
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39 thin-filmtransistors TFT are connected to the nunber of

the pixel electrodes PX while utilizing the features of the first
enbodi ment, the drain electrode SD2 is used in common, and the wiring

fromthe drain electrode 5 SD2 to the video signal line DL is forned
bet ween t he ' _

are used as active elements. It is, however, also
allowable to use polysilicon thin-film transistors, MOS
transistors on a silicon wafer, or two-terminal
elements such as MIM (metal-intrinsic-metal) diodes.

5 The invention can be further adapted even to a liquid
érystal display device of the reflection type
constituted by a pair of substrates at least one of
which is transparent, a reflection means and a

polarizing means.
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opposing gate signal lines G.. Hence the display of pi xel is in an
al nost nornmal state even in case one of the pixel electrodes PXis
broken at a portion. When any one of the thin-filmtransistors
becones 10 defective, furthernore, the pixel electrode PX _
connected to the defective thin-filmtransistor is cut  This ShdetHad Beei Replaced

| aser correction neans or the like, and the - I mge is _ ng
other normal thin-film transistors. 15 Accor mmﬂlﬂ"
second enbodi nent as descri bed above, it is possible

active matrpxaypge liquid crystal display elenent having a high

pi cture

1. A liquid crystal display device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltage signals to change the
5 1light transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprising:
a liquid crystal layer made of twistable liquid
crystal molecules; |
10 a first substrate and a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;
at least one polarizing means; and
at least a pair of a pixel electrode and a
15 counter electrode formed in each of said pixelé between
said'§ir§t.substraté and -said 1iquid crystal layer in
order to contréi.the twisﬁing amounts of'liquid cfystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel
20 electrode and said counter electrode and has a |
component in parallel with said first substrate;
wherein the dielectric constant anisotropy Aes of
said liquid crystal layer, the effective thickness deff
of said liquid crystal layer, the width Wp of said

25 pixel'electrode in the short-side direction, the width
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quality and fabricated efficiently. Fig. 5is a plan view
illustrating a pIuraIity of 20 pixels in a Hquidcrystal display panel

of in-plane electric field systemforned b ag§:£g t he plxels of
the first enmbodinent. In Fig. 5, the counter voIY’iﬁ“‘i“et °ﬁim line CL
n

I's used in conmmon by the two pixels adj ace Iﬂm” in the

direction of colum 25 I ndi cated by arrow P
Wc of said counter electrode in the short-side

direction, and the gap L between said pixel electrode
and said counter electrode satisfy the following
relationships,
5 Ae > 0, 2.8 ym = deff S 4.5 im,
1.2 x deff < Wp S L/1.2, and 1.2 x deff < We S
L/1.2

2. A liquid crystal display device having a

10 plurality of pixels arranged in the form of a matrix
and means for applying voltage signals to change. the
light transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprising:

15 ‘a liquid crystal layer made of twistable. liquid
crystal molecules;

a first substrate and.a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

20 at least one polarizing means; and

at least a pair of a pixel electrode and a
countér electrode formed in each of said pixels between
said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal

25 molecules of said liquid crystal layer by use of an
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40 The nunber 0 of counter el ectrodes CT (nunber  of

comb teeth) in a pixel is so selected as to al ways mai ntai n the

. relationship 0 = P + 1 t.h res ect to t he nunber P of pi xel
el ectrodes PX (nunber of ced (0= 3, P= 2 in this enbodinent).
The reason is that u ctrode CT and the pixel electrode
PX are : alternately e counter electrodes CT-are

- provi ded on both sides of the video signal line DL on a pl ane. This
makes it possible to shield the lines of 10 el ectric force fromthe

vi deo S'gnale&begrié %ﬁéfdt$ﬁich is established between said pixel
electrode and said counter electrode and has a
component in parallel with said first substrate;

wherein the dielectric constant anisotropy Ae of
5 said liquid crystal layer, the effective thickness deff
of said liquid crystal layer, the width.Wp of said
pixel electrode in the short-side direction, the width
Wc of said counter electrode in the short-side
direction, and the gap L between said pixel electrode
10 and said counter electrode satisfy the following
relationships,
Ae < 0, 4.2 ym S deff < 8.0 um,
1.2 x deff < Wp < L/1.2, and 1.2 x deff = Wec =
L/1.2
15
3. A liquid crystal display device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltége signals to change the
light transmission factor or light reflection facﬁor of
20 said pixels, said liquid crystal display device
comprisings
é liquid crystal layer made of twistable liquid
crystal molecules;
a first substrate and a secohd sﬁbstrate

25 sandwiching said liquid crystal layer therebetween, at

I
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counter electrodes CT, so that the electric field betmeen t he counter

el ectrode CT and the pi xel el ectrode PX is not t he
electric field generated by the video signal I|n The counter
el ectrode CT is fed with a potential at all tines fro e“

unit, i.e., froma counter voltage signal l'ine CL

described later, and takes a stabl e potential . lum
potential of the counter el ectrode CT changes very I|tt eve

it 20 is laid close to the video signal line . This further

causes the puéagtebﬁgt5Qdﬁh£@ht£5tﬁkéﬂ§§ﬁf§ht- geonetrlcally away from
the video signal . |ine :

at least one polarizing means;
at least a pair of a pixel electrode and a
counter electrode formed in each of said pixels between
5 said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel
electrode and said counter electrode and has a
10 component in parallel with said first substrate; and
a black matrix formed between said second
substrate and said liquid crystal layer;
wherein said black matrix is made of an
insulating material.
15
4. A liquid crystal diSplay device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltage signals to change the
light transmission factor or light reflection factor of
20 said pixels, said liquid crystal display device
comprising:
e liquid crystal layer made of twistable liquid
crystal molecules;
a first substrate and a second substrate

25 sandwiching said liquid crystal layer therebetween at
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Therefore, the parasitic capacitance between the pixel

to suppress
in the pixel

and the video signal line DL, greatly 25 decreases, nmaking it possible
fluctuation 41
el ectrode potential Vs caused by the video si gnal

vol tage. Therefore, crosstal k (i nage defect

10

15

20

25

el ectrode PX

least one of which is transparent;

at least one polarizing means;

at least a pair of a pixel electrode and a
counter electrode formed in each of said pixels between
the surface of said first substrate and the surface of
said liquid ciystal layer in order to control the
twisting amounts of liquid crfstal molecules of said
1iquid crystal layer by use of an electric field which
is established between said pixel electrode and said
counter electrode and has a component in parallel with
said first substrate; and

a video signal line, a signal electrode and a
switching element provided in each of said pixels
between said first substrate and said 1i§uid cryétal
layer to feed video signals to said pixel electrode
through said video signal line, said signal electrode
and said switching element;

wherein said counter electrodes of adjacent

pixels are positioned on both sides of said video

signal line, and the widths of said counter electrodes
in the lateral direction are not smaller than one-half

the width of said video signal line.

5. A liquid crystal display device according to

claim 4, wherein the counter electrodes are made of an

=206 = || AT NN TR
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called vertical snear) that occurs in the up-and-down direction is

suppr essed.

5 The pi xel electrode PX and the counter

CT have widths W and W which are 6 [err]m respectlverTmsmwﬂI are
very | arger than a maxi num pr edet er m ned _ t hi ckness of %ﬁ“ﬂacw
liquid crystal layer that wll be described | ater. on
during the 10 production into consideration, it is deS|r
margi n of not smaller than 20%is maintai ned. Desirably, therefore
t hese el ectrodes shoul d have wi dt hs of much larger than 5.4 pm
Therefore, theodizabteehbtht, f 4/ da CEIPRNMEA I Eilm JiFiad to the |iquid
metal covers the counter electrodes.
6. A liquid crystal display device according to
5 claim 5, wherein the counter electrodes are made of
aluminum.
7; A liquid crystai display device according to
claim 5, wherein the counter electrode is formed
10 simultaneously with the gate signal line which is
composed of a metal layer having anodized surface.
8. A liquid crystal display device having a
plurality of pixels arranged in the form of a matrix
15 and means for applying voltage signals to change the
light transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprising: |
-a liquid crystal layer made of twistable liquid
20 crystal molecules;
a first substrate and a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;
at least one polarizing means;
25 at least a pair.of a pixel electrode and a

[T
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15 crystal layer and isin parallel with the surface of t he
substrate becomes |arger than the electric field ————Tonponent.in the
di rection perpendicular to the surface ThlsSheeoﬁasHiaaxl&ny&Hrat e, making it

possible to | ower the vol t age for rystals. 20
It is further desirable that the nBX|nun1 u; and W of the
pi xel el ectrode PX and the counter re small er than the

gap L between the pi xel el ectrode PX and the counter electrode CT
The reason i s that when the gap between the electrodes is 25 t oo

smal |, the |igseal ghBetbie! PoFRed  fn %53 |¥e said pizels between

said first subétrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
5 electric field which is established between said pixel
electrode and said counter eleétrode and has a
component in parallel with said first substrate; and
a video signal line, a drain electrode, a gate
signal line, a gate electrode, a counter voltage signal
10 1line and a thin-film transistor element formed in each
of said pixel elements between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
to feed videO'signals to said pixel electrode through
15 said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signéls to said counter electrode through said
counter voltage signal line;
wherein said gate signal line is made of a metal
20 layer having an anodized surface, and said counter
voltage signal line is made of the same material as

that of said gate signal line.

9. A liquid crystal display device according to

25 claim 8, wherein the counter signal line is made of
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42 curved whereby the area increases where the electric field
conponent perpendicular to the surface of the substrate becones
greater than the electric field conponent in parallel with the surface
of the 5 substrate, making it difficult to efficiently apply the
electric field conponent in paraltTel  with the surface
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10. A liquid crystal display device according to

aluminum.

claim 8, wherein the counter voltage signal line and

5 the gate signal line are formed through the same'step.

11. A liquid crystal display .device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltagé signals to change the

10 light transmission factor or light reflection factor of
said pizels, said liquid crystal display device
comprising:

a liquid crystal layer made of twistable liquid
' crystal molecules}

15 a first substrate and a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

at least one polarizing means;
at least a pair of a pixel electrode and a

20 counter electrode formed in each of said pixels between
said first substrate and said liquid crystal layer in
order.to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel

25 electrode and said counter electrode and has component

D




of the substrate to the liquid crystal_layer. Therefore, when the
margin is 20% the gap L between the plxel el ectrode PX and the

counter electrode CT .10 nust be greatef'1 laced. The
enbodi nents 1 and 2 have a resol ution of mﬁ:"ﬁﬁw dots, a diagonal
V|d|ng the pi xel s

15

of 10.4 inches, and a pi xel pitch, o
by four, the gap L becones greater than 7.2 pm That is,

dividing the pixels by not nore than eight, a gap L > 7.2 pn1is
satisfied. Wien the pixels are divided by 10 or a | arger nunber,
hovever, the jgapadralaednwithnBhliar first substratderaddn which does not

satisfy the required
a video signal line, a drain electrode, a gate
signal line, a gate electrode, a counter voltage signal
line, a thin-film transistor element and a capacitor .
5 element formed by superposing part of éaid‘pixel
electrode on part of said counter voltage signal line
via an interlayer insulating film, which are formed in
each of said pixels between said first éubstrate and
said liquid crystal layer, thereby to feed gate signals
10 to said gate electrode through said gate signal line,
to feed video signals to said pizxel electrode through
said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electrode through said .
15 counter voltage signal line;
" wherein said counter voltage signal line is made

of aluminum having anodized surface.

12. A liquid crystal display device having a -

20 plurality of pixels arranged in the form of 5 matrix
and means for appiying voltage signals to change the
light.transmission factor orllight'reflection factor of
said pixels, said liquid crystal display device
comprisings

25 a liquid crystal layer made of twistable liquid
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condition. 20 Furt hernore, the vi deo signal line DL has a width

of 8 pmso that it will not be broken, which is slightly larger than
that of the pixel electrode PX and ___ the counter—etectrode CT. In order
to prevent short- circuiting, a gap of 1

R

crystal molecules;

oy med between the
. Here, the

a first substrate and a_second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

5 at least one polarizing means;

" at least a pair of a pixel-electfode and a
counter electrode formed in each of said pixels between
said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal

10 molecules of said liquid Crystai layer by use of an
electric field which is established between said pixzel
electrode and said counter electrode and has a
component in parallel with said first subsfrate; and

a video signal line, a drain electrode, a gate.

15 signal -line, a gate electrode, a counter voltage signai; -
line, "a thin-tilm transistor élement;and'a cagéciéor'f-
elément'fofﬁgd by sﬁbeféosihg part of said pizel
electrode on part of said counter vdltage signal line
via an interlayer insulating film, which are formed in

20 eacﬂ-of said pixels between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
to feed video signals to said pixel electrode through
said video signal line, said drain electrode and said

25 thin-£film transistor element, and to feed counter

TR O - -




video signal line DL has a MLQLD_M@LED_L§_EEL_L$Vger than twce the
wi.dth of the counter el ectrodes CT:that are | ocated on both sides
thereof. O, when the width “BS'G#tHahBeeulRekﬂ@e@l gnal line DL is determ ned
based on the 5 producti on y| of the counter el ectrodes

CT | ocated on both sides of the ,ﬂlne DL is determned to
be not smaller than one-half the mﬁdt the video signal |ine DL. -

The reason is that the lines of electrlc force generated fromthe
video signal line 10 DL is absorbed by the counter el ectrodes CT on both

voltage signals to said counter electrode through said
counter voltage signal line;
wherein a common bus line is provided to connect
in common the counter voltage signal lines of the
5 plurality of pikels, and the common bus line has a

multilayer structure of two or more conductive layers.

13. A liquid crﬁstal display device according to
claim 12, wherein the common bus line is made up of a
10 conductive layer of the same material as the gate
electrode and a conductive layer of the same material
as the video signal line, these conductive layers being
formed simultaheously with the formation of the gate
electrode and the video signal line.
15 |
14. a llquld crystal display dev1ce hav1ng a
plurallty of pixels arranged in “the form of a matrlx
and means for applying voltage signals to change the
light transmission factor or light reflection factor of
20 said pixels, said liquid crystal display device:
comprlslng-
a liquid crystal layer made of twistable liquid
crystal molecules;
a first substrate énd a second substrate

25 sandwiching said liquid crystal layer therebetween, at

A




sides thereof. To absorb the lines of electric force generated from

the signal |ine having a given wdth, . the lines that absorb the |ines
of electric force nust have a width which is not smatter thamthe ———
wi dth of the 15 | ine generating the lines of electric fqmggmalhsB“quimxd

Therefore, the lines of electric force generated from

each) the width of the video signal line DL need to bﬂmwmﬂmmg 'r
t he counter el ectrodes CT on both sides thereof, resp :

this 20 pur pose, the counter electrodes CT | ocated on both si des

of the video radelond ¥E Rileds iz wWrdhBpakefel smal | er than one-half
thereof. This nakes it possible -
at least one polarizing means;
at least a pair of a pixel electrode and a
counter electrode formed in each of said pixels between
5 .said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel
electrode and said counter electrode and has a
10 component ‘in parallel with said first substrate; and
a video signal line, a drain electfode, a gate
signal line, a gate electrode, a counter voltage signal
line, a thin-film transistor element and a capacitor
element formed by superposing part of said pixel
15 electrode on part of said counter voltage signal line
via an inteilayeriinsulating.film, which are formed in
each of said pixels between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
20 to feed video signals to said pixel electrode through
said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electrode through said
counter voltage signal line;

25 wherein said gate signal line connected to said

ey




to prevent crosstalk (particularly, crosstalk in the up- and- down
(vert_gng_dLLecLLgn}—eaused by video 25 si gnal s.
at ¢ signal line G. has a width that satisfies a

reS|staﬂ@§ pplylng a sufficient gate voltage to the gate
el ectrode l at the

gate electrode and said counter voltage signal line

connected to said counter electrode are arranged in
parallel in a first direction of the plurality of
pixels that are arranged in the form of a matrix, and

5 the video signal connected to said drain electrode is
arranged in parallel in a second direction, and

wherein said counter voltage signal line is used

in common by the two pixels adjacent to eadh'other in
said second direction.

10
15. A liquid crystal display device according to
claim 14, wherein the gate electrodes, gate signal
lines and thin-film transistor elements of the two
pixels adjacent to eéch.other in said second direction .

15 are so arranged'as to be oppqsed to each other, said
drain electrodes are used in common by said two pixels, -
and the wirings from said drain electrodes to said
video signal lines are arranged between the opposing
gate signal lines.

20
16. A liquid crystal display device according to
claimnls, wherein said thin-film transistors are formed
along said gate signal line in such a way that the
plurality of said thin-film transistors are connected

25 to said pixel electrodes in a pizxel.

* c L m s %
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termnals (on the side opposite to the gate el ectrode 5 termnals GIM

that will be described later). Furt hernore, the counter voltage
sighal line CL has a— wdtt, 7. €., has a resistance capabl e of
applying a suf fi gi; a@gy@*gkqﬁQMtage to the counter electrodes CT
of pixels at the termn e opposite to the 10 conmon bus
line CB that will be deT“ On the other hand, the
gap between the pixel PX and the counter electrode CT is

changed according to the I|qU|d crystal material that is used.
The reason is that the electric field intensity for 15 acconplishing a
maxi mum transm ssion factor differs

17. A liquid crystal display device having a
plurality of pixels a#ranged in the form of a matrix
and means for applying voltage signals to change the
5 1light transmission factor or light reflection factor of

said pixels, said liquid crystal display device
comprisings:

a liquid crystal layer made of twistable liquid
crystal molecules; '

10 a first substrate and a second substrate
sandwiching said'liquid crystal layer therebetween, at
least one of which is transparent;

at least one pblarizing means;
at least a pair of a pixel electrode and a

15 counter electrode formed in each of said pixels between
said first.gubstrate.and said liquid crystal -layer in
order to control the twisting amounts of liquid crystal -
molecules of said liquid crystal layer by use of an
electric field which is established-ﬁetween said pixel

20 electrode and said counter electrodé and has a
component in parallel with said first'sﬁbstrate; and

é video signal line, a drain electrode, a gate
signal line, a gaﬁe electrode, a counter voltage signal
line, a thin-film transistor element and a capacitdr

25 element formed by superposing part of said pixel

* [+ L M S *




with the liquid crystal material. Therefore, the gap bet ween t he

el ectrodes is determ ned dependi ng upon the
such that a maxi num

(driver of the signal side) that is used. The gap bet

el ectrodes becones

| at er

25

10

15

20

25

wi |l be used.

electrode on part of said counter voltage signal line
via an interlayer insulating film, which are formed in
each of said pixels between said first substrate and
said liquid crystal layer thereby to feed gate signals
to said gate electrode through said gate signai line,
to feed video signals to said pixel electrode through
_said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electréde through said
counter voltage signal line;

wherein the ends on both sides of said counter
voltage signal line are connected to a common bus line
and are, further, connected to a common voltage

generating and driving means.

18. A liquid crystal display device according to
claim 17, wherein thickness adjustment patterns are
formed on the non-display area of said first substrate,
said thickness adjustment patterns being made of the
same material and having the same thickness as those of

the common bus line.

19. A liquid crystal display device according to
claim 17 or 18, wherein a thickness adjustment film

made of the same material and having the same thickness

AR

l'i qui d crystat HuLEIidl
transm ssion factor is obtai nedmsﬁyemaaBgea

20 maxi mum anplitude of a signal voltage that is det
dependi ng upon the breakdown voltage of the vi deo si M’MIMM

i

16 pmwhen a liquid crystal material described



- 45 [ Cross-sectional constitution of the matrix unit (pixel

unit)] Fig. 7 is a sectional V|em/cuf—a+eﬁg-Phe—LLneh3_3 5in
Fig. 2, Fig. 8 is a sectional view of a thin-filmy r el ement
TFT cut along the line 4-4 in Fig. 2, and F”gszeahm;ea, al view
o a storage LT

as those of the gate electrode is provided over or
under said common bus line in the non-intersecting
areas except the areas where said common bus line
intersects said gate signal line or said video signal

5 1line and except the areas where said common bus line is

connected to said counter voltage signal line.

20. A liquid crystal display device according to
claim 17 or 18, wherein a thickness adjustment film

10 made of the same material and having the same thickness
as those of the drain electrode is provided over or
under said common bus line in the non-intersecting
areas except the areas where said commoﬁ bus line
intersects said gate signal line or said video signal.

15 line and except the areas where said common bus line is

connected to said counter voltage signal line.

A
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capacitor Cstg cut along the line 5-5in Fig. 2. As shown in Figs. 7
to 9, on the side of the lower 10 .transparent glass substrate SUBL are

formed a thin-film transi stor- TFT, a storage capacitor Cstg and a
group of el ectrodes, and on the side of the upper transparent

gl ass substrate SUB2 are forned-a color filter FIL and a black matrix
pattern BM for blocking light, with 15 respect to a liquid crystal |ayer
LC. Furthernore, orientation films ORIl and ORI 2 for

controlling the initial orientation of liquid crystals are provided
on the '”5'dﬁs%&kéégeéF(ghﬁ“bﬁséﬁd§ﬁﬁﬂ LC side) of the transparent -~
gl ass substrat

A liquid crystal display device has a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

5 substrates, a video signal line, a drain electrode, a
pixel electrode which receives a video signal from the
video signal line through the drain electrode and a
thin-film transistor, a gate electrode for turning the
thin-film transistor on, a counter electrode to which a

'10 counter voltage is applied through a counter voltage
signal'line, and a storage capacitor formed by
superpoSing part of said pixel electrode on part of
said counter voltage signai line via an interlayer
insulating film. In the liquid display device are
15 formed pixels where the light transmission factor of .
the liquid crystal is changed by use of an electric |
field which is established between the pixel electrode
and the counter electrode and has the component in
parallel with the surface of the substrate, the
20 dielectric constant anisotropy Ae, the effective
thickness deff of the liquid crystal layer, the width
Wp of.the pixel electrode in the short-side direction,
the width Wc of the counter electrode in the short-side
~ direction, and the gap L between the pixel electrode
25 and the counter electrode satisfy the following
4’-,*_—_—_—__—_,_,,,—
This en Replaced
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20 SUB2, and pol arizer plates are provided with their pol ari zi ng axes

intersecting at right angles (cross- ni col arrangenent) on the

out si de surfaces of the transparent glass substrates SUBL and SUB2.

25 (TFT substrate] 46
relationships,

Ase > 0, 2.8 ym < deff < 4.5 um, and
1.2 x deff < Wp S L/1.2, 1.2 x deff < We =
L/1.2, or Ae < 0, 4.2 ym = deff S 8.0 ym, and
5 1.2 x deff < Wp < L/1.2, 1.2 x deff S We S
L/1.2. |
When the scanning signal lines connected to the
gate electrodes and the counter voltage signal lines .
connected to the counter electrodes are arranged in
10 parallel in the direction of row of a plurality of
pixels arranged in the form of a matrix and when the
video signal lines connected to the drain electrodes
are arranged in parallel in the direction of column,
the counter voltage signal line is used in common by
15 +the two pixels adjacent to each other in the direction
of column. _
Alternatively, both ends of the counter voltage
signal lines are connected tb the common bus line and
are further connected to the counter electrode driver

20 means.
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Constitution of the | ower transparent gl ass substrate SUB1 (TFT
substrate) will now be described in detail . [Thin-filmtransistor
TFT] 5 The thin-filmtransistor TFT so operates that the

channel resistance decreases between the source and the drain when a
positive bias is applied to the gate el ectrode GT thereof, and that

t he channel resistance I ncreases when a zero bias is applied thereto.
10 Referring to Fig. 8, the thin-filmtransistor TFT i ncl udes
the gate electrode GI, a gate insulating film

FIG.TA FIG.1B

POL? POL2
SUB2 BM 1~—SUB2
BM AR N N NN FIL\ ?ﬁ‘-'r‘?’ ) "'.a-:f:f:f:r:/:f:f:x:f:z:f:lj — FIL
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oL — . PX
CT— £ ; '
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N
\ N
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§ N
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N
N N
\ N "
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MAX1
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G, an i-type sem conductor |ayer AS nmade of i-type anor phous silicon
(a-Si)(w thout doped with intrinsic conductivity-type-determ ning
impurities), a pair of 15 . source electrode SD1 and drain el ectrode SD2.
The source and drain are usually determ ned: by the bias

polarity therebetween. In the circuit of the liquid crystal display
device, the polarity is inverted during the operation. It should

. therefore be noted that the 20 source .and drain are interchanged during
t he operati on. In the foll ow ng description, however, either of them
Is fixedly expressed as a source an her as a drain only for
conveni ence of description. ﬁi("f %

T 1] 72}"&\ I I —H 1 L
CLCT _AS
PL1 A ‘—i‘r 1 £ ! - A
Cstg
Se [ > sPL2
(g1) v /
— \\ / [ |
Ny 4 '
5
T [
/1 IC C1
4 N \:\
px| [PX] |
DL,SD2 T T LIMATTHELL PX,SD1
(d1,d2) (d1,d2)
3 3
A 1|l NIy
1 ]
“ [T+ BM
Wi ] L |
| | ™4 U
GL,GT»——{/ hl<—TFT O | =
(g1) ANl L’i :
) = -
ot = O | =
// SD2
1~
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25 [ Gate el ectrode GT] ' ' 47
The gate electrode GI is continuous to the gate signal line G, and

is formed by part of the region of the gate signal line G.. The gate
el ectrode GT is a

_|_|:|_7_) H 11 ) 2 -
CL,CT,
PL1 — TAS | |
(g1) Cstg p 5
\ g Y % \ —
= '\ \
NANONN
NRERRR
P ey C]
A - ;\
B P |
pL,spz | LLT][ ] LT pxcspr
(d1,d2) (d1,d2)
L] \\\
T~ BM
! sofi
-
|| L L |_ || | | | n
GL,GT,_'<VI = P =
(o) A _/_' '
7 \ 1
/ e (o] sp2 OO0 (=
V//
AS AL—"
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portion which extends over the active region of the 5 thin-film

transistor TFT, and is so forned as to conpletely cover the i-type
sem conductor |ayer AS (as viewed frombelow). Therefore, in addition
toits role, the gate el ectrode GI works to .shield the i-type

sem conductor |ayer AS fromexternal l[ight or 10 backlight. 1In this
enbodi nent, the gate el ectrode GI i s conposed of a single conductive
filmgl. As the conductive filmgl,:there can be used an al um num
film formed by, for exanple, sputtering and an anodically

oxidized filmAOF of alum numis forned ?ﬁfreon. 15

—lEFf \T B =
CLCT,
| A
PL1 - —<‘J . _ : L,
(91) \ 5< CSt9 _PL2
i NijiiZg L C |
) (~ ) —
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48 portion that intersects the video signal line DL is f ormed

narrow to decrease the probability of short- circuiting relative to
the video signal line, and is branched into two so that it can be
separated by laser 5 trimmng in case it has short-circuited.

[ Counter el ectrode CT] The counter electrode CT is constituted

by the

FIG.6
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conductive filmgl of the sane |layer as the gate 10 el ectrode GT and the

scanning signal line G.. On the counter electrode CT is fornmed an
anodi cal |y oxidi zed filmAOF of alum num too. The counter el ectrode
CTis conpletely covered with the anodically oxidized film AOF
and prevents short-circuit even when it is laid.as 15 <close to the video
signal line as possible. Moreover, they can be so arranged as to

i ntersect. A counter voltage Vcomis applied to the counter el ectrode
CT In this enbodi nent, the counter voltage Vcomis set to a

potential which is |ower than an internediate 20 potential between a drive
vol tage Vdm n of a m ni num

FIG.7
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| evel applied to the video signal line DL and a drive vol t age Vdmax
of a maximum | evel by a field-through voltage [err]Vs that generates
when the thin-film transistor elenment TFT is turned off. Wen it is

25 necessary to nearly hal ve the power source voltage of
49

SD2

'’
NN AN,
/Gﬁ’;&ﬁ&&&&ﬂ&&&&a&&a&&.
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the integrated circuit used in the video signal driver unit, an AC

vol tage shoul d be appli ed. [ Counter voltage signal line CL] 5

The counter voltage signal line CL is constituted by a conductive film
gl. The conductive film gl form ng the counter voltage signal |line CL
s formed t hrough the same step as that of formng the conductive
filmgl of the gate electrode GI, scanning signal line 10 GL and counter
el ectrode CT, and as a unitary structure. Through the counter

vol tage signal line CL, t he counter voltage Vcomis fed to the

count er

FIG.9

Cstg
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el ectrode CT froman external circuit. On the counter vol t age si gnal
line CL is formed an anodically oxidized 15 filmAOF of alum num too.

A portion that intersects the video signal line DL is formed narrow
to decrease the probability of short-circuiting relative to the

video signal line like the case of the scanning signal line &, and
I's branched into two so that it can be 20 separated by | aser trlnn1ng I n
case it has short- circuited. [Insulating filmd]

The insulating film@ is used as a gate

PNL
7

FIG.10
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25
50

insulating filmfor
gate electrode GI and to the sem conductor

imparting an electric field to the

thin-filmtransistor TFT. The gate insulating film

gate el ectrode GI and on the

insulating film

FIG.11
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5 G, a silicon nitride filmforned by, for exanple, pl asma CVD

havi ng a thickness of 1200 to 2700 A (about 2400 Ain this

enbodi ment) is used. The gate insulating filmQd@ is so fornmed as to
surround the whole matrix unit AR and the periphery is renoved so
10 that external connection termnals DIM GIM are exposed. The
insulating filmQ@ contributes to electrically insulating the
scanning signal line G, counter voltage signal |ine CL and video
signal line DL. 15 [i-Type sem conductor |ayer AS]

n SUB1

d1,d2
AT A AR A E T A A AR R R R ®

AR AR AR A AR AR A LA AR AR A L A LA AN YA R E e

AR AR AR AR R R R R R R A A R R A R AL A R R R A R R R A
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The i-type sem conductor |ayer AS is nmade of anmor phous silicon and

has a thickness of from 200 to 2200 [err] (about 2000 [err] in this
enbodinment). A layer dO 20 is an N(+)-type anorphous silicon
sem conductor | ayer doped wi th phosphorus (P) for ohmc contact, and
S left only on a portion where the i-type sem conductor | ayer
AS exi sts thereunder and conductive |ayers di (d2) exist thereover.
25 - The i-type sem conductor layer AS is also
N o0
T n
= £ oo 3
) ?\1, <
|
(]
- Ll y - - il il - i e -\;:1 o
o §‘\‘
NN
7)) BN
< Z RN
Pty \ X\

A T
A Y
\

Y
N

VI/I/I/I/I/IJ’!IIIII;/;J)JI;II/I/I;’I/I/I/I/I/!IlJIII!I/I?I{}'/I/I/I/I/I/I/lll

PSV

AL TL TESH A A A A A

TSQ

A Y
A )

~
A Y

Y

FIG.13A
FIG.13B

DTM

[(sal o

This Sheet Has Been Replaced

A



51 provi ded at the portions (cross-over portion) where the
scanning signal line G, the counter voltage signal line CL and the
video signal line DL intersect. The i -type sem conductor |ayer AS at
the intersecting 5 portion decreases the probability of short-circuiting
at the portions where the scanning signal line G, the counter voltage
signal. line CL and the video signal line DL intersect.

FIG.14A
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10 [ Source el ectrode SD1, drain el ectrode SD2] The source

el ectrode SD1 and the drain el ectrode SD2 are, respectively, conposed
of the conductive film dl that is in contact with the N(+)-type
sem conduct or | ayer dO and the conductive filmd2 fornmed thereon. 15
The conductive filmdl is conposed of a chrom um (Cr) filmformed by
"sputtering and has a thickness of 500 to 1000 A (about 600 Ain this
enbodi ment). The C filmis so formegbas to have a thickness of not
| ar ger ~ than about gOOO A, since stre% I's produced as i 20
t hi ckness increases. Tl C filmis used order to w
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i mprove the adhesiveness to the N(+)-type sem conduct or

to prevent alum num conductive film d2

N(+)-type sem conduct or

| ayer).
52

| ayer dO and

fromdiffusing into the

used as a so-called barrier
there may be used a filmof a

Ta or W and a filmof a

do (i.e.
(Mo,

| ayer
conductive filmdl,

25
hi gh-nel ti ng net al
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drain

WSi 2)

t hi ckness,

source el ectrode SD1,
and to reliably extend over

caused by the gate electrode GI and the i-type

| ayer AS (to inprove step coverage).

conductive filns dl and d2 ar eE

After the

or
in this enbodi nment)

TaSi[err]
by Al sputtering. The Al filmcauses . |ess stress than

TiSi[err],
The conductive filmd2 having a

line DL,-

(about 4000 [err]

si gnal

be so forned as to have a | arge
10

order to decrease the resistances of the

el ectrode SD2 and vi deo

the steps

silicide (MdSi[err],

in addition to Cr film
t hi ckness of 3000
is forned

5 to 5000 [err]

hence,

hi gh-nel ti ng net al
Cr filmand can,

sem conduct or

Lans__| Buiyols NIS

1
(NIS 403)030yd Y29 ~

1 .1
Asdan -ns| IR

4l
H do18 Las
~ ~
N\Sd N\Sd
B
.M.II‘..
Y, i—
m m——
_83@:_;80+c_ =
(1p)Buyorz i =
I § —
s (zp)Buiyorz]| LEANS m\l.ﬂu
“ .

(2p‘Lp Joj)oroyd G| |
ANEmctwﬁz% %

ELE el

NN

e N R . - R ; 2as
(1p)Buieninds J) Las\eP ] ; P
o dels SV

2 1°Old




patterned using the sanme mask pattern, the N(+)-type 15 sem conduct or

| ayer dO is renoved by using the sane "mask or by using the conductive
films dl and d2 as masks. That is, the N(+)-type sem conductor |ayer-
do remai ning on the i-type sem conductor |ayer AS is removed in
a self-alignnent manner except the portions 20 of the conductive filns dl
and d2. In this case, the N(+)-type sem conductor |ayer dO is renoved
the surface of the i-type sem conduct or

by et ching and, hence,
| ayer AS is etched to sonme extent, which, however, can be controlled
by changing the etching tine. 25
FIG.18
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53 [ Video signal |ine DL] The video signal tine DL is
constituted by the first conductive filmdl and the second conductive
film d2 of the sane |layers as the source electrode SD1 and 5 t he
drain el ectrode SD2. Moreover, the video signal

FIG.19
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line DL is forned integrally with the drain el ectrode

[ Pi xel el ectrode PX] 10 The pixel electrode PX is constituted by

SD2.

t he first conductive filmdl and the second conductive film

of the same | ayers as the source el ectrode SD1 and-

the drain

d2

~ electrode SD2. Moreover, the pixel electrode PXis forned integrally
- wWith the source electrode SD1. 15 [ St orage capacitor Cst(g]

The pixel electrode PXis so fornmed as to be

FIG.20
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superposed on the counter voltage signal line CL at an end on the
side opposite to the end that is connected 20 to the thin-film
‘transistor TFT. As will be obvious fromFig. 9, this superposition
constitutes a storage capacitor (capacitance elenent) Cstg having the
pi xel el ectrode PX as one el ectrode PL2 and having the count er
voltage signal line CL as the other electrode 25 PL1. The dielectric
filmof this storage capacitor

FIG.21
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54 Cstg is conposed of the insulating filmGT that is used as

the gate insulating filmof the thin-filmtransistor TFT and the
anodi-cally oxidized film ACF. As shown in Fig. 2, the storage
capacitor Cstgis 5 formed, when viewed from above, on an expanded
portion of the conductive filmgl of the counter voltage signal
line CL. In this case, the el ectrode | ocated under the

insulative filmd@ of the storage capacitor Cstg is

FIG.22
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10 made of al umi num havi ng anodi zed surface. Therefore, t he storage

capacitor hardly causes defect (short- circuiting to the el ectrode of
t he upper side) that is - caused by so-called whiskers of alum num

15 [ Protective film PSV1] A protective filmPSV1 is provided
on the thin- filmtransistor TFT. The protective filmPSV1 is

formed chiefly for protecting the thin-filmtransistor TFT from

noi sture and the |ike and nust have a high 20 transparency and a good
resi stance agai nst humdity. The protective filmPSV1 is conposed of,

for exanple, a

ACF

-_—
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silicon oxide filmor a silicon nitride filmfornmed by a plasma CVD

devi ce, and has a thickness of about 1 pm The protective film
PSV1 is so forned as to 25 surround the whole matrix unit AR and its
periphery is 55 renoved so
that the external connection term nals DTM and GIM are exposed. As for

the thicknesses of the

FIG.24
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protective filmPSV1l and the gate insulative filmd, the former film
is formed so as to have a large 5 t hi ckness in consideration of the

effect of protection and the latter filmis formed so as to have a
smal | t hi ckness in consideration of the nutual conductance gm to
the transistor. Therefore, the protective film PSV1 that exhibits a
hi gh protection effect is forned.in a 10 size larger than the gate .
insulative film@ in order . to protect even the peripheral portioons
as w de as possi bl e. [Color filter substrate]

FIG.25 .
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15 Referring to Figs. 2 and 7 again, the constitution of the
upper transparent glass substrate SUB2 (color filter substrate) wll
now be described in detail . 20 [ Li ght-shielding fil mBM

On the upper transparent glass substrate SUB2 is formed a

|'i ght-shielding BM (so-called black matrix), so that undesired |ight
transmtted through the gaps (gaps other than the gap between the

pi xel electrode PX 25 and the counter electrode CT) does not go to the
si de

FIG.26
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56 of the display surface to deteriorate the contrast and t he
like. The light-shielding filmBM also serves to

| ight or backlight fromfalling on the
5 sem conduct or

That is, the i-type

prevent external

i -type sem conductor |ayer AS.
| ayer AS of the thin-filmtransistor

TFT I s sandwi ched by the |light-shielding filmBMand the

FIG.27
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gate el ectrode GT of a large size |located on the upper and | ower

sides, and so does not receive natural |ight or backlight fromthe
external side. 10 A pol ygonal contour line of the l|ight-shielding
filmBMshown in Fig. 2 represents an opening inside whi ch no
light-shielding filmBMis formed. This is only an exanple of the
contour |line. The pattern may be the one shown in Fig. 3 when it is
desirable to form 15 a large opening portion. 1In the region A of Fig.
3, the direction of the electric field is disordered and t he
di splay of this portion corresponds to the video data in the pixel

such a 1-to-1 nmanner that the

FIG.28
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display is black when this portion is black, and is 20 white when this
portion is white. Therefore, this portion can be utilized as part of
t he di spl ay. Furthernore, the boundary in the up-and-down direction
of the drawing is determ ned by the precision of regi stration of the
upper and | ower substrates. When 25 the precision registration is better
than the w dth of 57

FIG.29
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the counter electrodes CT |ocated on both sides of the vi deo signal
| ine DL, the opening portion can be w dened by setting the boundary
line within the width of the counter electrode. 5 The

i ght-shielding filmBMhas |ight-shielding .property against |ight,
and is conposed of a highly insulating filmso as not to affect the
electric field bet ween the pixel electrode PX and the counter

el ectrode CT. This enables the electric fleld 10 conponent in parall el
with the surface of the substrate

FIG.30A FIG.30C
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to be effectively applied to the liquid crystal |ayer, and nmakes it
possible to I ower the voltage for driving liquid crystals. The
light-shielding filmBMis nade ‘of a material obtained by mxing a
bl ack pignent into a 15 resist material, and has a thickness of about
1.2 [err]m As anot her enbodi nent, there can be used a materi al
obt ai ned by m xi ng pal | adi um and el ectrol ess-pl at ed ni ckel  into the
resist material . ~In this case, the gap can be increased to sone
20 extent between the pixel electrode PX and the counter el ectrode

CT, making it possibFEI EBd]éﬂke t he aperture ratio.

CB (g1,d1,d2)
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The light-shielding filmBMis fornmed |ike a | attice surrounding the

pi xel s. The lattice partitions 25 the effective display area of each
pi xel . Therefore, 58 t he

contour of each pixel is clearly shown by the l'i ght-shielding. film
BM That is, the light-shielding

FIG.32A
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filmBMhas the two functions, i.e., a black matrix and shi el di ng
against light that falls on the i-type 5 sem conduct or | ayer AS.

The light-shielding filmBMis formed like a frame even on the

peri pheral portions, and has a pattern that is continuous to the
pattern of the matrix “unit that has a plurality of dot-1ike openings.
The 10 l'ight-shielding filmBMon the peripheral portions

outwardly extends over the sealing portion SL to prevent the | eakage
of light such as light reflected by a device on which the display is
nount ed, such as a personal conputer, fromentering the matrix unit.

The

FIG.33A FIG.33C
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15 Iight-shielding'filnlBM I's short of the edges of the Substrate

SUB2 by about 0.3 to 1.0 nm and does not extend to the cut regions

of the substrate SUB2. [Color filter FIL] 20 The col or
filter FIL fornms stripes of a repetition of red, green and blue |ines
at positions facing the pixels. The color filter FIL is so forned

as to be superposed on the edge portions of the light- shielding film

BM 25 The color filter FIL is formed as descri bed

FIG.34
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59 bel ow. First, a dyeable nmenber such as acrylic resin S
formed on the surface of the upper transparent gl ass substrate SUB2,
and is then renoved by photolitho- graphi c technol ogy, leaving it on
the red filter- 5 form ng regions. Then, the dyeable nmenber is dyed
wth ared dye and is fixed to forma red filter R Next, a

FIG.35
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green filter Gand a blue filter B are forned succeésively t hr ough

t he sane steps. 10 [ Overcoat film QC] The overcoat film OC
is provided to prevent the dye of the color filter FIL from| eaking
tothe liquid crystals LC and to flatten the steps produced by the
color filter FIL and light-shielding filmBM The 15 overcoat filmQOCis
formed by using a transparent resin material such as acrylic resin,
epoxy resin or the like resins. ;
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(Liquid crystal |ayer and polarizer plate] 20 The liquid crystal

| ayer, orientation film and pol ari zer plate will be described bel ow.
[Liquid crystal |ayer] As the liquid crystal materials LC, there
are 25 used nematic liquid crystals having a positive

60

FIG.37A
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di el ectric constant anisotropy [err] of 13.2 and a refractive index

ani sotropy [err]n of 0.081 (589 nm at 20[err]C), and nematic liquid
crystal s having a negative di el ectric constant anisotropy [err] of
-7.3 and a 5 refractive index anisotropy An of 0.053 (589 nm at

20[err]). The liquid crystal -l ayer has a thickness (gap) of not

smal ler than 2.8 pmbut not |arger than 4.5 pm when it has a positive
di el ectric constant ani sotropy. - [err]. 10 In this case, there
i's obtained a transm ssion factor that does not al nost change with

t he wavel engt hs

FIG.38A
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within a range of visible light mhen the retardation [err]n.d is not

smal l er than 0.25 pm but is not Iérger t han : 0.32 pm and nost of the
liquid crystals having a 15 positive di el ectric constant ani sot r opy
[err] have a birefringence anisotropy [err]n which is not smaller

t han 0.07 but -is not larger than 0.09. On the ot her hand,
the liquid crystal |ayer has a t hi ckness (gap) which is not smaller
than 4.2 [errlmbut is 20 not larger than 8.0 [err]mwhen it has a
negative di el ectric constant anisotropy [err]. The reason is that

It Is necessary to determne the retardation [err]n.d W thin a range

of not smaller than 0.25 pm but not

FIG.39

102

MY DMY DMY DMY DMY DMY /J 101
/ /[ /] | \
Y :
\\100

104\ ~103

- DMY

»)

T~

1/ )

suB2 suB1 ©L DL CL

Sheet Has Been Replaced

T



larger than 0.32 [err]m like the case of the liquid 25
a positive dielectric constant

ani sotropy [err]. In this case, ppst of the |iqdid'
negati ve dielectric -constant "' ani sotropy [€rn
api sotropy [err]n of “not ' 1 .

10

15

20

25

TITLE OF THE INVENTION
LIQUID CRYSTAL DISPLAY DEVICE WITH WIDE VIEWING

ANGLE CHARACTERISTICS

4

' BACKGROUND OF THE INVENTION

(1) Field of the Inventipn

| The present inventisﬁ relates to a liquid crystal
display device and, morelpérticularly, to a liquid
crystal display device witﬂ wide viéwing angle
characteristics of the active matrix system using

thin-film transistors.

(2) bescription of the Priof Art

Active matrix liquid crystal display devices
using active elements as represented by thin-film
transistbrs (TFT) ﬁave now been widely ﬁsed as display
terminals of OA equipment since they are light in | .
weight and have a high picture quality equivélent to
that of cathode-ray tubes.

The display system of the liquid crystal display
devices can be roughly divided into two. One is a
systeﬁ in which liquid crystals are sandwiched by two‘
substrates having transparent electrodes and are driven
by a voltage applieq to the transparent electrodes, and

light incident upon the liquid crystals and transmitted



smal l er than 0.04 but not larger than 0.06. 5 A conbi nation of the

orientation filnms and the pol ari zer plates that will be described

| at er makes it possi ble to obtain a maxi numtransm ssi.on factor when
the liquid crystal nolecules are turned by about 45[err] toward the
direction of the electric field EDR fremthe 10 rubbi ng direction RDR
The thickness (gap) of the liquid crystal |ayer Is control |l ed by
usi ng pol ymer beads. There is no particular limtation on the
l'iquid crystal material LCso long as it is a nematic liquid 15
crystal material. The drive voltage can be decreased

through the transparent electrodes is modulated to
achieve display. All of the products that are now
available are based upon this system. Another one is a
| system in which liquid crystals are driven by an

5 electric field which is nearly in parallel with the
surface of a substrate between two electrodes that are
formed on the same substrate, and light incident upon
the liquid crystals through a gap between the two
electrodes is modulated to provide display. Though no

10 product which is based upon this system has yet been
provided, it has é feature of a very wide viewing angle
and a promising art in connection with active matrix
liquid érystal display.devices.
| Features o0f the latter system have been disclosed

15 in,'for_example, Japanese Patent Laid-Open No.
505247/1993; Japanese Patent Publication No. 21907/1988

and Japanese Patent Laid-Open No. 160878/1994.

SUMMARY OF THE INVENTION
20 A first problem that is to be solved by the
present invention will be described below. |
in a conventional liquid crystal display device
of the latter system, an electric field which is
 substantially in parallel with the surface of the

25 substrate is generated via thin-film electrodes having



wWith an increase in the value of the dielectric constant ani sotropy

[err]. The thickness (gap) of the liquid crystal |ayer can be

i ncreased with a decrease in the refractive index anisotropy An, in
order to 20 shorten the tine to pour the liquid crystals and to
decrease variation in the gap. [Oientation film The

orientation filmOR is nmade of a pol y&#mde. 25 The upper and | ower
substrat es have rubbi ng directions

thicknesses of about several thousand angstroms, making
it difficult to effectively generate the electric field
in thé liquid crystal 1ayer'compared with the former
system.

5 - Therefore, an electfic field stronger than that
of the former system must be generated between the
electrodes, resulting in an increase in the consumption
of electric power and making it necessary to employ, as
a driver unit, an LSI having an increased breakdown

10 voltage.

A second problem is that in the former system, a
metai material having good light-shielding property has,
been used as a black matrix (light-shielding £film) that
covers the portions where undesired light passes

15 through. When this metal material is used for the
latter systém, however, the electric field between the
electrodes is absorbed by the black matrix, making it
difficult to generate an effective electric fieid
between the electrodes.

20 - A third problem is that in the former system, the
electric field from a video signal line is absorbed by
a couﬁter electrode that is formed on nearly the whole
surface of a substrate opposed to the substrate on
which the video signal line is formed, and the electric

25 field formed by the video signal line does not affect



62 RDR which are in paralfel wi th each ot her and-forn1an angl e

of 75[err] with respect to the direction of the applied electric field
EDR Fig. 18 illustrates their rel ati onships. 5 The angl e
formed by the rubbing direction RDR and the direction of the applied
electric field EDR may be | arger ghan 45 but is smaller than 90[err]
when the liquid crystal material 4as a positive dielectric constant

the electric field established between the electrodes.
In the latter system in which no electrode exists on
the substrate opposed to the substrate on which the
%ideo signal line is formed, however, the electric

5 field formed by the video signal line affects the
electric field established between the electrodes,
giving rise to the occurrence of crosstalk
(particularly in the vertical direction of the screen)
in which video information of other rows affect the

10 display and, hence, appearanée of striped image called
vertical smear.

A fourth problem is that in the latter system in
which the counter electrode can be formed linearly, the
resistance of fhe counter electrode from the input end

15 to the other end thereof becomes very larger than that
of when the counter electrode is formed in a planar
shape in the former system. Therefore, the counter
voltage is not sufficiently fed to the terminal.pixels;
and the counter voltage is distorted by the video

20 signals due to the capacitance at a portion where the
counter voltage signal line intersects the video signal
1ine,.resu1ting in the occurrence of crosstalk
(particularly, in the horizontal direction of the
screen) and appearance of striped image called lateral

25 smear.



ani sotropy [err],

and may be larger than O but smaller 10 than 45[err]

when the liquid crystal material has a negative dielectric constant
ani sotropy [err]. [ Pol ari zer plate] Fig. 18 illustrates
the relationships of the 15 direction of the applied electric field,
rubbi ng direction and transm ssign axes of the polarizer

pl at es. The pol arizer plates—PCOL that are used are GL220DU

manuf actured by Nitto Denko Co. The 20 transm ssion axis MAX1 of the
| ower pol arizer plate '

10

15

20

25

A fifth problem is that in the latter
conventional system in which the pixel electrode PX and
the counter electrode CT are arranged on the same
substrate, the opening area that contributes to the
display decreases by the amount corresponding to the
arrangement of the counter voltage signal line CL
compared with that of the former conventional system.

Moreover, an increase in the number of
intersecting points of the wirings arranged in the form

of a matrix results in increased chances of short-

circuiting among the wirings and in an increase in the

parasitic capacitance among the signal lines, hindering -

smooth transfer of signals. |

Besides, while the pixel electrode PX in the
former system has a planar shape, the pixei electrode
PX of the latter system has a narrow strip shape or a
line shape, often causing pixels to become defective
due to disconnection of the line.

A sixth problem is that the latter conventional
system may employ an AC driving method to apply an AC
voltage to the liquid crystal layer, e.g., an AC
driviﬁg method which inverts a drive voltage applied to
the liquid crystal layer after every horizontal

scanning interval. 1In this case, when a pulse voltage

is applied to the counter voltage signal line CL having



POL1 is appproxi mately parallel with the rubbing direction RDR, and

I ntersect the transm ssion axis MAX2 of the upper polarizer plate
PCOL2 at approximate right angles. Fig. 18 illustrates their
relationships. 25 There are thus obtained normally-closed
characteristics 6 ‘ - 63

a resistance R and a capacitance C, the pulse voltage
is distorted. Hereinafter,lthe sixth problem will be
described with reference to Figs._25 and 26.

Fig. 25 is a diagram of an equivalent circuit of

5 a transmission passage for transmitting a drive voltage
applied to the counter voltage signal line CL in a
liquid crystal display device of the latter system, and
Fig. 26 is a diagram showing waveforms of a drive
voitage applied to the counter electrode CT at each of

10 the points.

The transmission passage for transmitting a drive
voltége applied to the counter electrode CT includes
chiefly resistors 50 of the counter voltage signal line
CL, a resistor 51 of a common bus line CB between a

15 common voltage driver unit 52 and the counter voltage
signal line CL, and storage capacitors 53 in the
pixels. Therefore, ﬁhen a liquid crystal layer is
driven by an AC drive voltage, the waveform of the
drive voltage (pulse voltage) fed to the counter

20 - electrode CT from the common voltage driver'unit 52 of
a common voltage generator and driver unit 103 is
distofted.

As will be understood from a counter voltage
waveférm 54 at point D, a counter voltage wavéform 55

25 at point E, a counter voltage waveform 56 at point F



such that the transmi ssion factor increases with an i ncrease in the

vol tage (between the pixel electrode PX and the counter el ectrode CT)
applied to the pixels. 5 [Constitution of the peripheries of the matrix]
Fig. 10 is a plan view illustrating essenti al portions of the
peripheries of the matrix (AR) of a 7 di spl ay panel PNL that includes

t he upper and | ower gl ass substrafes SUBL and SUB2. Fig. 11 is a
sectional 10 viewillustrating on the left side the external

connection termnal GTMto be connected to the scanning circuit and
its vicinity, and illustrating on the right

and a counter voltage waveform 57 at point G shown in
Fig. 26, the distortion of waveform of the drive
voltage fed to the counter electrode CT increases with
an increase in the distance, from point D, to point G.
5 : As'a result, the electric field between the pixel
electrode PX and the counter electfode CT in the pixels
differs, -irregular brightness (irregular display)
- occurs along the counter voltage signai line CL, and
the display quality of the liquid crystal display panel

10 is impaired. |

This becomes a serious problem particularly when
there is employed an AC drive system which inverts the
drive voltage applied to the liquid crystal layer after
every horizontal scanning interval; '

15 - When the counter voltage signal line CL is bfoken
even at one place, furthermore, it is impossible to
drlve the liquid crystals since the drive voltage is no -
longer fed to the counter electrode CT of the plxels
after the broken portion, impairing the display quality

20 of the liqﬁid crystal display panel.

According to the constitution of the prior art,
furthermore, the thickness differs by a thickness of
the signal line depending upon the portions where the
video signal line DL and the scanning signal line GL

25 are led out and the portions where such signal lines



side the sealing portion where there is no external connection

termnal and its vicinity. . 15 When the panel that is to be produced
is of a smal |l size, a plurality of devices are fabricated on a

sheet of glass, and are divided in order to inprove the t hr oughput .
When the panel is of a large size, a glgass pl ate of standard size for
common use of the production 20 fac lity is worked and divided into a
size that may . "nmeet the type. In either case, the glass is cut after
havi ng been processed through predeterm ned steps. Figs. 10 and 11
illustrate the latter exanple, and Il lustrate the upper and | ower

substrates SUB1L and SUB2
are not led out. Therefore, the gap becomes irregular

in the whole panel impairing the display quality of the
liquid crystal display panel.
The object of the present invention is to provide
5 a liquid crystal display device of high picture quality
that can be efficiently fabricated, that is powered on
a low voltage and consumes small amounts of electric
péwer, and has wide viewing characteristics as a result
5f solving the above-mentioned problems inherent in the
10 prior art.
Description of representatives of the invention
disclosed.in this specification is as follows.
Means for solving the above-mentioned first to
féurth problems will be described below.
15 Means 1. |
A liquid crystal display device having a pair of
substrates at least one of which is transparént, a
liquid crystal layer sandwiched by the pair of
substrates, a pixel electrode and a counter electrode
20 ﬁérmed between one of the substrates and the liquid
crystal layer, in order to change the light
transﬁission factor or the light reflection factor of
the liquid crystals by use of an electric field which
is established between the pixel electrode and the

25 counter electrode and has a component in parallel with



25 after they have been cut, wherein LN represents edges

64 of the two substrates before being cut. In the finished
state in either case, the upper substrate SUB2 is smaller than the
| ower substrate SUB1l, so that the portions where there exi st external
connection term nal " g

a———

the one substrate, wherein the dielectric constant
anisotropy Ae and the effective thickness deff of the
liquid crystal layer, the width Wp of the pixel
electrode in the lateral direction, the width Wc of the

5 éounter electrode in the lateral direction, and the gap
L between the pixel electrode and the counter electrode
satisfy. the following relationships,

As > 0, 2.8 um < deff < 4.5 im,

1.2 x deff < Wp < L/1.2, and 1.2 x deff < Wec <

10 L/1.2
Means 2.

A liquid crystal display device having a pair of
sﬁbstrates at least one of which is trahsparent, a
liquid crystal layer sandwiched by the pair of

15 substrates, a pixel electrode and a counter electrode
formed between the.one of the sﬁbstrates and the liquid
crystal léye:, in order to change thellight
transmission factor or the light reflection factor of
'the liquid crystals by use of an electric field whiéh

20 is established between the pizel electrode and the -
counter eleétrode and has a component in parallel with
the oﬁe substrate, wherein the dielectric constant
anisotropy As and the effective thickness deff of the
liquid crystal layer, fhe width Wp of the pixel

25 electrode in the lateral direction, the width Wc -of the



5 groups Tg, Td and term nal CTM (upper side and |eft side in the

drawi ngs) are exposed. The term nal groups Tg, Td are naned for -
pluralities of termnals GIM for connection to the scanning circuit,
termnals DIMfor connection to the video signal circuit, and

| ead-out 10 wrings thereof in unitslgf tape carrier package TCP

(6, 7) on which the integrated circuit_chip CH is nmount ed. The

| ead-out wirings fromthe matri x unit of each group to the external
connection termnal unit are slanted toward both sides. The reason is

that the 15 termnals DTM GIM of the display panel PNL are in
agreenent with the pitch of arrangenent of the packages
counter electrode in the lateral direction, and the gap
L between the pixel electrode and the counter electrode
, satisfy the following relationships,
Ae < 0, 4.2 ym < deff < 8.0 mm
5 - 1.2 x deff < Wp < L/1.2, and 1.2 x deff < Wc <
L/1.2
Means 3.
A liquid crystal display device having a pair of
substrates at least one of which is transparent, a

10 liquid crystal layer sandwiched by the pair of
substrates, a pixel electrode and a counter electrode
formed between one of the substrates and the liquid
crystal layer, whereby pixels are formed such that the
light transmission factor or the light reflection -

15 facéor of the liquid crystals is changed by an electric
field which is established between the pixel electrode
and the counter electrode and has a component in
parallel with the one substrate, and forming a black
matrix surrounding the pizels on a plane, wherein the

20 black matrix is made of an insulating material.

Means 4.

A liquid crystal disélay device having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

25 substrates, a video signal line, a drain electrode, a



TCP and the pitch of connection termnals in the packages TCP. The
counter electrode termnal CTMis for applying a counter voltage to
the counter electrode 20 CT fromthe external circuit. The counter

el ectrode signal lines CL of the matrix unit are led out to the
opposite side (right side of the drawiqg) of the termnal GIMfor the
scanning circuit, and the counter "—= Vol tage signal lines are collected
t oget her through the 25 common bus line CB.and are connected to the
count er '

pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, and a counter electrode, that are’
formed between one of the substrates and the liquid

5 crystal layer, whereby pixels'are formed such that the
light transmission factor or the light reflection
factor of the liquid crystals is changed by an electric
field which is established between the pixel electrode
and the counter éleqtrode and has a component in

10 parallel with the one substrate, wherein the counter
electrodes of adjacent pixels are positioned on both
sides of the video signal line, and the widths of the
counter electrodes_aré not smaller than one-half the
width of the video signal line.

15 Means 5.
' Iﬁ £hé means 4, the counter electrode is made of
an anodizable metal, and a self-anodized film of this
metal covers the counter electrode.
Means 6.

20. In the means 5, the counter electrode is méde of
aluminum.
Means.7.

In the means 5, the counter electrode is formed

simultaneously with the gate signal line which is made

25 of a metal layer having anodized surface.



65  electrode termnal's CTM Bet ween the transparent

gl ass substrates SUBl1 and SUB2 is fornmed a sealing pattern SL except
aliquid crystal filling port INJ in order to pour the liquid 5
crystals LC. The sealing material is, for exanple, an epoxy resin
The orientation films ORI1 and ORI 2 arfzforned on t he inside of the

sealing pattern SL. The pol ari zer

nm——

Means 8.

A liquid crystal display device héving a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

5 substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, a gate signal line connected to a
gate electrode which turns the thin film transistor on,

10 and a counter electrode to which a counter voltage is
applied via a counter voitage Signal line, which are
formed between one of the substrates and the liquid
ciystal layer, wherebf pixels are formed such that the
light transmission factor of the liquid crystals is

15 changed bf an electric field which is established
between the pixel electrode and thé couhtef electrode
and ﬁas a component in parallel with the surface of the
one substrate, wherein the gate signal line is made of
‘a metal layer having anodized surface, and the counter

20 voltége signal line is made of the same material as
that of the gate signal line.
Means-9.

In the means 8, the counter voltage signal line
is made of aluminum.

25 Means 10.



pl ates PCLI and POL2 are formed on the outer surfaces 10 of the |ower

transparent gl ass substrate SUBl1 and the upper transparent gl ass
substrate SUB2. The liquid crystals LC are sealed in the regions
partitioned by the sealing pattern SL between the |lower orientation
filmORI1 and the upper orientation fiJ4n ORI2 that 15 deternine the
orientation of the liquid crystal —0| ecul es. The | ower orientation
filmORI1l is formed on the protective filmPSV1 on the side of the

| ower transparent gl ass substrate SUBI. In the liquid
crystal display device, various 20 | ayers are stacked separately on the

| ower transparent
In the means 8, the counter voltage signal line

and the gate signal line are formed through the same .
step.
Means 11.

5 A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of
substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from

10  the video signal line via the drain electrode and a
thin film transistor, a gate electrode for turning the
thin film transistor on, a counter electrode to which a
counter voltaée is applied_via a counter voltage signal
line, and.a storage capacitor formed by superposing

15 part of the pixel electrode on part of the counter
voltage'signai line via an iﬂterlayer insulating £ilm,
which are formed between one of the substrate and the
liquid crystal layer, whereby pixels are formed such
that the light transmission factor of the liquid

20 crystals is changed by an electric field which is

| established between the pixel electrode and the counter
electfode and has a component in parallel with the
surface of the substrate, wherein the counter voltage
signal line is made of aluminum having anodized

25 surface.



gl ass substrate SUB1L and on the upper transparent gl ass substrate

SuUB2, the sealing pattern SL is fornmed on the substrate SUB2, the

| ower transparent glass substrate SUB1 and t he upper transparent

gl ass substrate SUB2 are 25 super posed one upon the other, the liquid
crystals LC 66 are poured

t hrough the opening INJ fornmed in the ff_

Means 12.

A liquid crystal display device having a pair of
substrateé at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

5 substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, a gate electrode for turning the
thin film transistor on, and a counter electrode to

10 which a counter voltage is applied via a counter
voltage signal line, which are formed between the one
substrate and the liquid crystal layer, whereby pixels
are formed such that the light transmission factor of
the liquid crystals is changed by an electric field

15 which is established between the pixel electrode and
the counter electrode and has a component in parallel
with the substrate, wherein a common bus line is
provided to connect in common the counter voltage
signal lines of the plurality of pixels, and the common

20 bus line has a multilayer structure of two or more
conductive layers.
Means'13.

In the means 12, the common bus line is made up
of a conductive layer of the same material as that of

25 the gate electrode and a conductive layer of the same



sealing nenber SL, and the filling port INJ is seal ed w th an epoxy

resin or the like resin. The upper and | ower substrates are then cut
to obtain the liquid 5 crystal display device. [Gate term na

unit] Figs. 12A and 12B are views illustrating the

connection structure fromthe scanning,signal l[ines GL 10 of the display
matrix to the external connection rmnals GIMthereof, wherein Fig.
12A is a plan view and Fig. 12B is a sectional view cut along- the line
B-B in Fig. 12A. A slant wiring is represented by a '

matérial as that of the video signal line, and these
conductive layers are formed simultaneously with the
formation of the gate electrode and the video signal
line.

5 - In order to solve the above-mentioned fifth
problem according to the present invention, the counter
voltage. signal line and the drain electrode are used in
common by two pixels adjacent to each other in the
direction of colﬁmn, and the storage capacitor is

10 formed in a part of the counter voltage signal line.
Means 14.

A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liquid cr&stal layer sandwiched by the pair of

15 substrates, a video signal line, é-drain electrode, a
pixel eiectrode to which ié applied a video signal from
the video signal line via the drain electrode and a
thin film transistor, a gate electrode for turning the
thin film transistor on, a counter electrode to which a

20 counter voltage is applied via a counter voltage signal
line, and a storage capacitor formed by superposing
part éf the pixel electrode on part of the counter
voltage signal line via an interlayer insulating film,
which are formed between the one of the substrates and

25 the liquid crystal layer, whereby pixels are formed



straight line only for convenience of illustration. 15 Synmbol AO

denotes the boundary |line of the direct phot oresi st drawing or, in

ot her words, a photoresi st pattern of selective anodi c oxidation.
Therefore, the photoresist is renoved after the anodic oxidation and
the pattern AO that is shown does not gemain in the 20 finished product.
As shown in the sectional view, ver, the oxide filmAOF is

sel ectively fornmed on the gate wiring GL, and its trace renmairns. In
t he plan ~view, the left side with respect to the boundary |ine

AO of photoresist is covered with a resist so as not to 25 undergo
anodi ¢ oxidation, and the right side is not
such that the light transmission factor of the liquid
crystals is changed by an electric field which is
established between the pixel electrode and the counter
electrode and has a component in parallel with the
5 substrate, wherein the scanning signal lines connected
to the gate electrodes and the counter voltage signal
lines connected to the counter electrodes are arranged
in parallel in a first direction of the plurality of
pixels that are arranged in the form of a matrix, and
10 the video signals connected to the drain electrodes are
arranged in parallel in a second direction, and wherein
the counter voltage signal line is used in common by
two pixels adjacent to each other in the second
direction. |
.15 Means 15.

In the means 14, fhe gate electrodes, scanning
signal lines and thin-film transistor elements of the
two pixels adjacent to each other in the direction of
column are so arranged as to be opposed to each other,

20  the drain electrodes are used in common by the two -
pixels, and the wirings from the drain electrodes to
the video signal lines are arranged between the
opposing scanning signal lines. |
Means 16.

25 In the means 15, the thin-film transistors are



67 covered with the resist and undergoes the anodic oxi dati on.

The anodically oxidized Al layer gl has an oxi de A1203 fil m ACF forned
on the surface thereof, and t he conductive portion of the | ower side
thereof has a 5 decreased volunme. The anodic oxidation is carried out
17
’—‘

formed along the scanning signal line in such a way
that the plurality of the thin-film transistors are
connected to the pixel electrodes in a pixel.

Means for solving the above-mentioned sixth

5 problem will be described below.
Means 17.

A liquid crystal display device having a pair of
substrates at least one of which is transparent, a
liquid crystal layer sandwiched by the pair of

10 substrates, a video signal line, a drain electrode, a
pixel electrode to which is applied a video signal from
the video signal line wvia the drain electrode and a
thin film transistor, a gate'signal line connecﬁed to a
gate electrode for turning the thin film transistor on;

15 ' and a counter electrode to which a counter wvoltage is
applied via a counter voltage signal line, which are
formed between one of the substrates and the liquid
crystal layer, whereby pixels are formed such that the
light transmission factor of the liquid crystals is

20 changed by an electric field which is established
between the pixel electrode and the counter electrode
and hés a component in parallel with the substrate,
wherein the ends on both sides of the counter voltage
signal line are connected to a common bus line and are,

25 further, connected to a common voltage generating and



by determining a suitable period of tine and a vol tage so that the
conductive portion nmay renain. In the drawi ng, the al um num

| ayer gl is hatched for easy conprehension but the region that is not
10 anodically oxidized is patterned Iike conb teeth. The reason is
t hat whi skers devel op on the surface m@gn t he al um num | ayer has a

| arge width. Therefore, each line _“pattern is fornmed narrow, and a
plurality of Iine patterns are bundled in parallel to mnimze the

15 probability of breakage and the decrease of electric conductivity
whi | e preventing the devel opnent of whi skers.

driving means.
Means 18.
In the means 17, thickness adjustment patterns
are provided on the non-display area of one of the
5 substrates, and the thickness adjustment patterns are
made of the same material and have the same thickness
as that  of the common bus line.
Means 19.
In the means 17 or 18, a thickness adjustment
10 film made of the same material and having the same
thickness as that of the gate electrode is provided
over or under the common bus line in the non-
intersecting areas except the areas where the common
bus line intersects the gate signal line or the video
15 signal line and except the areas where the common bus
line is connected to the counter voltage signal line.
Means 20.
In the means 17 or 18, a thickness adjustment
film made of the same material and having the same
20  thickness as that of the drain electrode is provided
over or under the common bus line in the non-
interéecting areas except the areas where the common
bus line intersects the gate signal liné or the video
signal line and except the areas where the common bus

25 line is connected to the counter voltage signal line.



The gate term nal GIM conprises the alum num | ayer gl and a
transparent conductive |ayer g2 that 20 protects the surface thereof and
i mproves the reliability of connection to the TCP (tape carrier
package). The transparent conductive filmg2 is a film

(indiumtin-oxide ITO Nesa film for 9 by sputtering and has a

t hi ckness of 1000 to 2000 A (about 14 in 25 this enbodinent). The
conductive layers dl and d2

According to the constitution of means 1, when a
liquid crystal composition having positive dielectric
constant anisotropy is used, it is possible to obtain a
transmission characteristic little depending upon the

S wavelength in the birefringence mode, i.e., to obtain
good white display, and to apply an electric field
component to the liquid crystal layer in parallel with
the substrate, which is much stronger than the
component of the electric field in the direction

10 perpendicular to the substrate. It is therefore
possible to utilize the most efficient transmission
state éhabling the voltage between the pixel electrode
and the counter eléctrode to be efficiently converted
into the component in the direction in parallel with

15 the substrate without raising the volﬁage for driving
the liquid crystal.

According to the constitution.of means 2, when a
liquid crystal compoéition ﬁaving negative dielectric
constant anisotropy is used, it is possibie to obtain a

20 transmission characteristic little depending upon the
wavelength in £he birefringence mode, i.e., to obtain
good ﬁhite display, and to apply an electric field
component to the liquid crystal layer in parallel with
the substrate, which is much stronger than an electric

25 field component in the direction perpendicular to the



68 formed on the alum num |l ayer gl and on the side surfaces

t hereof, connect a chromum |l ayer dl to both the al um num | ayer and

t he transparent conductive |ayer g2 in order to conpensate poor
connection between the 5 alum numlayer and the transparent conductive

| ayer g2 and to decrease the conpection resistance. The

conductive |layer d2 remains since it is—formed using the same mask as
the one for form ng the.conductive | ayer dlI.

substrate. It is therefore possible to utilize the
most efficient transmission state enabling the voltage
between the pixel electrode and the counter electrode
to be efficiently converted into the one in the

5 direction in parallel with the substrate without
raising the voltage for driving the liquid crystal.

According to the constitution of means 3, it is

possible ﬁo eliminate the effect upon the electric
field between the pixel electrode and the counter

10 electrode because the black matrix is constituted by an
insulating material. The black matrix cuts off the
effect upon the electric field between the pixel
electrode and the counter eiectrode enabling the
distance to be decreased among the electrodes. It is

15 therefore allowed to increase the aperture ratio, and
to effectively apply an electric field component in
parallel with the surface of the substréte to' the
liquid drystal layer without raising the voltage for
driving the liquid crystals.

20 According to the constitution of means 4, the -
lines of electric force from the wvideo signal line can
be abéorbed by the counter electrodes that are lécated
on both sides thereof, making it possible to prevent
the occurrence of so-called crosstalk. In this case,

25 the lines of electric force from the video signal line



10 In the plan view, the gate insulative filmQ@ is formed on

the right side of the boundary line, the protective filmPSVL is _
formed on the right side of the baundary line, and the term nal unit
GIM | ocated at the left end is exposed so that it can be in ohmc
contact 15 wth an external circuit.o1The drawing illustrates only

a pair of gate line G. and gate termnred= |n practice, however, pairs
are arranged on the upper and | ower sides as shown in Figs. 12A and
12B, constituting a termnal group Tg (Fig. 10). In the production

20 process, the left end of the gate term nal extends beyond t he

region for cutting the substrates and is
are equally divided by the counter electrodes on both

sides eéch by 50%; i.e., 100% of the lines of electric
forcé are absorbed in total.

According to the constitution of means 5, short-

5 circuiting is prevented from occurring even when the
counter'electrodes on both sides are brought as close
to each. other as possible or even when they are
arranged to intersect with the video signal line. This
makes it possible to increase the aperture ratio.

10 ' According to the constitution of means_6, the
counter electrodes have a small resistance. Therefore,
a nearly uniform and stable current flows through the
counter electrodes, and the counter voltage is .
sufficiently transmitted even to the pixels at the

15 términals, making it'possible to further heighten the
effect of means 4.

According to the constitution of means 7, it is
possible to obtain the effect of means 5 without
increasing the number of steps of production.

20 Accgrding to the constitution of means 8, it is
possible to decrease the probability of short-
circuiting at the areas where the counter voltage
signal line intersects the video signal line.

According to the constitﬁtion of means 9, the

25 counter voltage signal line has a small resistance and



short-circuited by the wiring SHg (not shown). In the producti on

process, this short-circuiting |ine SHg serves to feed electric power
during the anodic 25 oxi dation and to prevent the electrostatic
br eakdown at 69 _ the tinme
of rubbing the orientation film ORI 1. .

emp——

a nearly uniform and stable current flows through each

of the counter electrodes. Therefore, a counter

voltage is sufficiently transmitted to the pixels even

at the terminals making it possible to achieve uniform
5 pixel display..

According to the constitution of means 10, the
effect of means 7 is gained without increasing the
number of production steps.

Acéording to the constitution of means 11, the

10 electrode of the lower side formed via an igterlayer
insulating film is made of aluminum having an anodized.
surface, making it possible to form a storage capacitor
little permitting the occurrence of troubles that are
caused by point defects due to so-called whiskers.

15 | According to the constitution of means 12, it is
possible to decrease the resistance without increasing
the width of the common bus line and to apply a
sufficiently large voltage up to the ends of the
counter electrodes. This makes it possible to decrease

20 crosstalk (particularly, crosstalk in the horizontal
direction of the screen) that is caused by distortion
of thé counter voltage according tb the video signals.

According to the constitution of means 13, it is
possible to obtain the effect of means 12 without

25 increasing the number of steps of production.



[Drain term nal DITM Figs. 13A and 13B are views illustrating
the 5 connection of the video signal |line DL to the external
connection termnal DTM wherein Fig. 13Ais a plan view and Fig. 13B
is a sectional view cut along the line B-Bin Fig. 13A. These draw ngs
correspond to the upper portion of ,Fig: 19. Since the directions of
the 10 draw ngs are changed for convgﬁ_gnce, the direction of | ef t
end corresponds to the upper end of the substrate SUBL.
Synbol TSTd denotes a check terminal to which no
According to the constitution of means 14, the
gate signal lines GL connected to the gate electrodes
GT and the counter voltage signal lines CL connected to
" the counter electrodes CT are arranged in parallel in
5 the direction of row of a plurality of pixels arranged
in the form of a matrix, the counter voltage signal
line CL.is used in common by the two pixels adjacent to
each other in the direction of column, and the video
signal lines DL connected to the drain electrodes SD2
10 are arranged in parallel in the direction of column, in
order to decrease the parasitic capacitance among the
wirings, to increase the production yield, to ensure
the openings in the pixels and to decrease the
resistances of the counter voltage signal lines CL.
15 According to the constitution of means 15, the
gate electrodes GT, gata signal lines GL and thin-film
transistor elements of two pixels adjacent to each
other in the direction of column in the constitution of
means 14 are so arranged as to be opposed to each
20 other, the drain electrode SD2 is used in common by the
two pixels, and the wiring from the drain electrode SD2
to tha video signal line DL is arranged between the
opposing gate signal lines GL, in order to decrease the

parasitic capacitance among the wirings, to increase

25 the production yield, to ensure the openings in the



external circuit is connected but which is broadened to 15 be w der than
the wiring so that it can be touched by a probe needl e or the like.
Simlarly, the drain termnal DIMis broadened to be w der than the
Wi ring so that it can be connected to an external circuit. The
drain termnals DTMfor connection to extgqrnal 20 circuit are arranged in
the up-and-down direction, constidute a terminal group Td (subscri pt
is omtted) as shown in Fig. 10,7extend beyond the cutting |line of
the substrate SUB1, and are all short-circuited by a Wi ring SHd (not
shown) to prevent the electrostatic 25 breakdown during the production
process. The check )
pixels and to decrease the resistances of the counter
voltage signal lines CL.
According to the constitution of means 16, the
thin-film transistors are formed along the gate signal
5 line GL in such a way that the plurality of thin-film
transistors are connected to the pixel electrodes PX in
one pixel of the constitution of means 15, in order to
decrease the parasitic capacitances among the wirings,
to increase the production yield, to ensure the
10 openings in the pixels and to decrease the resistances
of the counter voltage signal lines ClL.
According to the constitution of means 17 to 20,
both ends of the counter voltage signal lines CL are
connected to the common bus line CB which has a
15 resistance smaller than the resistances of the counter
voltage signal lines CL. It is therefore possible to
decrease distortion in the waveform of the drive
voltage applied to the counter electrodes CT from the
common voltage driver unit 52, to uniformalize the
20 electric field intensity between the pixel electrode PX
and the counter electrode CT in each pixel in the
panel, and to decrease irreqularity in the brightness
that occurs along the counter voltage signal line CL.

Even in case the counter voltage signal line CL

25 is broken at a portion, the common voltage is supplied



70 termnal TSTd is fornmed on every other video signal l'i nes

DL as shown in Figs. 13A and 13B. The drain connection term nal
DIMis formed by a singl e transparent conductive layer g2 and is
connected 5 to the video signal line DL at a portion where the gate
25
’

from both ends of the counter voltage signal line CL to
drive liquid crystal of the pixels. Unlike the prior
art, therefore, the liquid crystal of pixels after the
broken portion can be driven, and the quality'of
5 display is not impaired.

Furthermore, the area where the common bus line
CB is arranged has the same cross-sectional structure
as that of an area where the common bus line CB
intersects the gate signal line GL or the video signal

10 line DL, making it possible to decrease irregularity in
the film thickness at the edges of the substrate where
the common bus line CB is formed, to uniform the gap
length between two éubstrates, and to decrease gap
irregularity of the liquid crystal display device.

15 . The foregoing and other objects, advantages,
manner of operation and novel features of the present
invention willlbe understood from the following
detailed description when read in connection with the
accompanying drawings.

20
BRIEF DESCRIPTION OF THE DRAWINGS
fig. 1 is a diagram schematically illustrating a
pixel for explaining the basic operation of a liquid
crystal display element of the present invention;

25 Fig. 2 is a plan view of essential portions



insulative filmQ@ is removed. The seni conduct or | ayer AS fornmed on
the end of the gate insulative filmQ serves to etch the edge of the
gate insulative filmaQ@ in a tapered form On the term nal DIM the
protective 10 filmPSV has been renoved as a matter of course so that
connection to the external circuit can be jmde. The | ead- out
wring fromthe matrix unit to the 28rain ternminal DIM has |ayers dl,
d2 of the same |evel as that of the video signal line DL, that are
15 constituted in the protective filmPSV and are connected to the
transparent conductive filmg2 in the protective filmPSV. The reason
Is that it is
illustrating a pixel and peripheries thereof in a
liguid crystal display unit of an active matrix-type
color liquid crystal display device of an embodiment 1;
Fig. 3 is a diagram illustrating a pattern of a
5 black matrix of embodiment 1;
Fig. 4 is a plan view of essential portions
illustrating a pixel and peripheries thereof in a
liquid crystal display unit of an active matrix-type
color liquid crystal display device of embodiment 2;
10 Fig. 5 is a plan view of a plurality of pixels on
a liquid crystal display panel formed by arranging the
pixels of embodiment 1;
Fig. 6 is a diagram of an electrically equivalent
circuit of two pixels adjacent to each other in the
15 direction of column of embodiment 1;
Fig. 7 is a sectional view of a pixel cut along
the line 3-3 in Fig. 2;
Fig. 8 is a sectional view of a thin-film
transistor element TFT cut along the line 4-4 in Fig.
20 2;
Fig. 9 is a sectional view of a storage capacitor
Cstg cut along the line 5-5 in Fig. 2;
Fig. 10 is a plan view for explaining the

constitution of the peripheries of a matrix of the

25 display panel;



necessary to protect the alumnumlayer d2 that easily under go
el ectrolytic corrosion, as nuch as possible 20 wusing the protective film

PSV and the sealing pattern SL. [ Counter el ectrode term nal
CT™M _ Figs. 14A and 14B are views illustrating the 25
connection fromthe counter el ectrode aggnal line CL to

Fig. 11 is a sectional view illustrating panel
edge portions with gate signal terminals on the left
side but without external connection terminals on the
right side; |

5 © Figs. 12A and 12B are a plan view and a sectional
view illustrating the area where a gate terminal GTM is
connecﬁed to a gate wiring GL;

Figs. 13A and 13B are a plan view and a sectional
view illustrating the area where a drain terminal DTM

10 is connected to a video signal line DL; _

Figs. 14A and 14B are a plan view and a sectional
view illustrating the area where a common electrode
terminal CTM, a common bus iine CB and a common voltage

' signal line CL are connected together;

15 Fig. 15 is a flow chart of a sectional-view of a
pixel and a gate terminal illustrating the steps A to C
of fabricating a substrate SUBL;

Fig. 16 is a flow chart of a sectional view of
the pixel and the gate terminal illustrating the steps

20 D to F of fabricating the_substrate SUB1;

Fig. 17 is a flow pharf of a sectional view of -
the pixel and the gate terminal, illustrating the steps
G to H of fabricating the substrate SUBI1;

Fig. 18 is a diagram illustrating the |

25 relationships among the direction in which the electric



71 the external connection termnal CTM wherein Fig. 14A s a

plan view and Fig. 14B is a sectional view cut along the Iine B-B of
Fig. 14A. These draw ngs correspond to the | eft upper portion of Fig.
19. 5 The counter voltage signal Fines CL are collected

t oget her by the common bus Iine CB and g&e;led out to t he counter
electrode termnals CTM The comon bust= line CB has a structure in
whi ch the conductive | ayer dl and the conductive |ayer d2 are forned
on the 10 conductive layer gl. The reason is that the resistance

field is applied, the direction of rubbing and the
transmission axis of a polarizer plate;

Fig. 19 is a diagram of a circuit illustrating a
-matrix unit and the peripheries thereof of a active

5 matrix—tjpe color liquid crystal display device of the

present invention; |

Fig. 20 is a diagram illustrating waveforms for
driving the active matrix-type color liquid crystal
display device of the present invention;

10 . Fig. 21 is a top view iilustrating the state
where the peripheral driver units are mounted on a
liquid crystal display panel;

Fig. 22 is a diagram illustrating, in cross
section, the structure of a tape carrier package TCP in

15 .whiéh an integrated circuit chip CHI constituting the
driver unit is mounted on a flexible wiring substraté;

Fig. 23 is a sectional view illustrating
'essential'portions in a state where the tape carrier
package TCP is éonnected to a terminal GIM for a gate

20 signal circuit in the liquid crystal display panel PNL;

Fig. 24 is an exploded perspective view
illusérating a liquid crystal display module;

Fig. 25 is a diagram illustrating an equivalent
circuit of a passage for transmitting a drive voltage

25 to the counter electrodes CT in the liquid crystal



of the common bus line CB is decreased so that the counter voltage is
sufficiently fed to the counter vol tage signal lines CL fromthe
external circuit. Accordi ngly, the counter voltage is
sufficiently 15 transmtted even to the termnal pixels, nmaking it
possi bl e to reduce the occurrence of crgsstalk (particularly,
crosstalk in the right-and-Ieft ection on the screen) caused by
di stortion of the vol tage of the counter electrodes CT in response to
the 20 video signals fed to the video signal lines DL. This
structure has a feature that the resistance of the common bus line is
decreased wi thout additionally
display device of Fig. 19;
Fig. 26 is a diagram of characteristics
illustrating waveforms of the drive voltage at each of
the points shown in Fig. 25;
5 . Fig. 27 is a block diagram schematically
illustrating the constitution of the liquid crystal
display. device of embodiment 3;
Fig. 28 is a diagram illustrating an equivalent
cifcuit of a passage for transmitting a drive voltage
10 to the counter electrodes CT in the liquid crystal
display device of embodiment 3;
Fig. 29 is a diagram of characteristics
illustrating waveforms of the drive voltage at each of
the points shown in Fig. 28; |
15 Figs. 30A to 30C are a plan view and sectional
views illustrating the connection of the counter
voltage signal line CL and the common bus line CB at
point A on the matrix substrate of Fig. 27;
Figs. 312 and 31B are a plan view and a sectional
20  view illustrating the connection of the counter voltage
signal line CL and the common bus line CB at point B on
the matrix substrate of Fig. 27;
' Figs. 32A and 32B are a plan view and a sectional

view illustrating the intersection of the video signal

25 line DL and the common bus line CB at point C on the



provi di ng conductive |ayers. The conductive |ayer gl of the common
bus line CB is not anodized so that it 25 can be electrically connected

to the conductive |ayer 72
dl and to the conductive |ayer d2. Besides, the conductive layer gl is
exposed through the gate

30 -

matrix substrate of Fig. 27;

Figs. 33A to 33C are a plan view and sectional -
views illustrating another example of connection of the
counter voltage signal line CL and the common bus line

-5 CB at point A on the matrix substrate of Fig. 27;

Fig. 34 is a plan view illustrating another
arrangement of the common bus line CB of embodiment 3;

Fig. 35 is a plan view illustrating a further
arrangement of the common bus line CB of embodiment 3;

10 Figs. 36A to 36C are a plan view and sectional
views illustrating the connection of the counter
voltage signal line CL and the common bus line CB at a
point corresponding to point A on the matrix substrate
of Fig. 27 in the liquid crystal display device of |

.15 embodiment 4;

.Figs.;37A and 37B are a plan view and a sectional
view illustrating the-conngction of the counter voltage -
signal line CL and the coﬁmon bus line CB at é point-
correspon&ing to point B on the matrix substrate of

20 Fig. 27 in the liquid crystal display device of
embodiment 4;

figs. 38A and 38B are é plan view and a sectional
view illustrating the intersection of the video signal
line DL and the common bus line CB at a point

25 corresponding to point C of the matrix substrate of



insulative filmd3d. The counter electrode termnal CTMhas a 5

structure in which the transparent conductive |ayer g2 Is fornmed on

t he conductive |layer gl. The surface is protected by the transparent
conductive | ayer g2, and t he conductive |ayer gl is covered wth the
t ransparent conductive | ayer g2 hq¥£ng a good durability in order 10
to prevent electrolytic corrosion. — In the above-nenti oned
enbodi ment, the conductive | ayer dl and the conductive |ayer d2 are
formed on the common bus |ine CB. The invention, however, is in no

way |imted to these conductive |ayers only. Even in

Fig. 27 in the liquid crystal display device of
embodiment 4; and
Fig. 39 is a plan view illustrating another

arrangement of the common bus line CB of embodiment 4.

5
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Further objects and features of the present
invention will become obvious from the following
description in conjunction with the drawings.
10

[Active matrix liquid crystal display device]

An embodiment in which the present invention is
adapted to a color liquid crystal displéy device of the
active matrix system will be described below. In the

15 drawings, those portions having the same functions are.
denoted by the same reference nuﬁerals and their
description will not be repeated.

First, prior to illustrating embodiments of the
present invention, the basic operation of the liquid

20 crystal display element to which the present invention
is applied will be explained. |

figs. 1A to 1D are schema;ic diagrams of a pixel
for explaining the operation of a liquid crystal
display element to which the present invention is

25 applied, wherein Fig. 1A is a sectional view of when no



15 this case, it is possible to decrease the resistance of t he
common bus |ine CB. [ Met hod of fabrication]’ A net hod of
fabricating the substrate SUBl1 of the 20 above-nentioned liquid crystal
di spl ay device will now be described with reference to Figs. 15 to
17. In - t hese draw ngs, characters at the center represent
abbrevi ati ons of the nanes of the stedﬁi_mherein t he | eft side

represents the portion of the thin-film 25 transi stor shown in Fig. 8,
and the right side '

voltage is applied, Fig. 1B is a sectional view of when
a voltage is applied, Fig. 1C is a plan view of when no
voltage is applied, and Fig. 1D is a plan view of when
a voltage is applied. In these drawings, SUBl and SUB2
5 denote transparent glass substrates (hereinafter often
referred to simply as substrates), CT denotes a counter
electrode, GI denotes an insulating film, DL denotes a
video signal 1ine, PX denotes a pixel electrode, POLl
and POL2 denote polarizer plates, MAX1 denotes the
10 polarizing axis of the lower polérizer plate, MAX2
denotes the polarizing axis of the upper polarizer
plate,.RDR denotes the initial orientation of liquid
crystal molecules, EDR denotes the difection of
.electric field, BM denotes a black matrix, FIL denotes
15° a color filter, OC denotes a flattening film, ORIl and
ORI2 denote orientation films, and LC denotes liquid
crystals (rod-like liquid crystal molecules).
In the liquid crystal display element, the
polarizer plate POL2, light-shielding black matrix BM,
20 color filter FIL, protective film OC and orientation
film ORI2 are formed on one substrate SUB2 of the two
transﬁarent glass substrates SUBl1 and SUB2. On the
other substrate SUBl, via the liquid crystals LC, are
formed the polarizer plate POLl1l, orientation film ORIi,

25 drain electrode SD2, pixel electrode PX, counter



73 : Illustrates the fl ow of process near the gate term nal

shown in cross sections of Figs. 12A and 12B. Except steps B and D,
steps Ato | are divided according to t he photographic treatnment. The
sectional view of each 5 step represents:a stage after the photographic
treatnment is finished and the photoresi;ﬁ I S renoved. The phot ogr aphi c
treatnent in this enbodi nent neans a _=

electrode CT, wirings and thin-film transistor. These
drawings do not show wirings and thin-film transistors.
Referring to Figs. 1A and 1C, liquid crystals LC -
have been oriented in advance by the orientation films
5 ORI1 and ORI2 in the orientation RDR that is
substantially in parallel with the surface of the
‘'substrate SUB1. In this state, the initial orientation
RDR of the liquid crystals LC is nearly in agreement
with the polarizing axis MAX1 of the polarizing plate
10 poLl, thé polarizing axis MAX1 and the polarizing axis
MAX2 of the ofher polarizing plate POL2 intersedt_at
right angles, and the pixel is in a non-display state.
Next, referring to Figs. 1B and 1D} when a
voltage is applied between the counter electrode CT and
15 the pixel electrode PX formed on the glass substrate
SUB1 in order to create an electric field (having a
direction EDR) subsfantially in parallel with the
surface of the substrate SUBl, the liquid cryst&l
molecules IC are twisted on a plane substantially in
20 parallel with the surface of the substrate SUBL. Then,
the pixel becomes a display state. A large number of

pixels are arranged to donstitute a display panel.

[Planar constitution of a matrix unit (pixel unit)]

25 Fig. 2 is a plan view illustrating a pixel and



series of operations fromthe application of the photoresist to the
devel opi ng thereof through selective 10 exposure by using a mask. The
treatment will now be descri bed for each of the sectionalized steps.
Step A, Fig. 15. A conductive filmgl nade of Al -Pd, Al -Si
Al-Ta, 15 A -Ti-Ta or the like having,a thickness of 3000 Ais

formed by sputtering on the | ower tréngparent gl ass substrate SUBL
made of the AN635 gl ass (trade nane). After the photographic

treatment, the conductive film gl is selectively etched by using a
m xed acid sol ution

peripheries thereof in the active matrix-type color
liquid crystal display device of a first embodiment of
the present invention. |
Referring to Fig. 2, each pixel is provided in a
5 region (surrounded by four signal lines) where the gate
signal line (gate signal line or horizontal signal
line) GL, counter voltage signal line (counter
electrode wiring) CL and two adjacent video signal
lines (drain signal lines or vertical signal lines) DL
10 intersect. Each pixel includes a thin-film transistof
TFT, a storage capacitor Cstg, a pixel electrode PX and
a counter electrode CT. The gaté signal lines GL and
the counter voltage signal lines CL extend in the
right-and-left direction in the drawing and are
15 arranged in a plural number in the up-and-down
.direction. The video signal lines DL extend in the
up-and-down direction and are arranged in a plural
number in the right-and-left direction. The pixel
electrode PX is connected to the thin-film transistor
20 TFT, and.the couﬁter electrode CT is formed integrally
with the counter voltage signal line CL.
fhe two adjacent pixels along the video signal
line DL have a planar constitﬁtion such that they have
the same size and pattern. The reason is that the

25 - counter voltage signal line CL is used in common by the



20 of phosphoric acid, nitric acid and gl acial acetic acid. There
are thus forned gate el ectrodes GT, scanni ng signal lines G, counter
el ectrodes CT, counter voltage signal lines CL, electrodes PL1, gate
termnals GIM a first conductive |ayer of conmon bus 25 line CB, a
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first conductive |ayer of counter elecggode

a—

two vertically adjacent pixels along the video signal
line DI, the width of the counter voltage signal line
CL. is increased and, hence,.the resistance of the
counter voltage signal line CL is decreased. This
makes it easy to sufficiently feed a counter voltage to
the counter eleétrodes CT of the pixels arranged in the
right-and-left direction from an external circuit.

The pixel electrode PX and the counter electrode
CT are opposed to each other, and the optical state of
the liquid crystals LC is. controlled by an electric
field between each pixel electrode PX and the counter
electrode CT, thereby to control the display. The

pixel electrodes PX and the counter electrodes CT are

formed like comb teeth, and extend in a slender form in

the up-and-down direction.

When the pixei electrodes PX and the counter

.electrodes CT are arranged on the surface of the same

substrate,.the liquid crystal display element of this
embodiment makes it possible to increase the area of
the opening portion of the pixel that transmits light
and to increase the width of the counter voltage signai
line éL compared with the wiring constitution in which
the counter voltage signal line CL is not used in

common by the two pixels adjacent to each other in the

. direction of column.



termnals CTM an anodically oxidized bus |line SHg (not shown) for

connecting the gate termnals GIM and anodi cal | y oxi di zed pads (not
shown) connected to the anodically oxidized bus line SHyg. 5

Step B. Fig. 15. After the anodically oxidized nmask AOis forned
by direct drawi ng, the substrate SUB1 'g di pped in an anodi cal |l y
oxi di zi ng solution which is obtained 10 diluting a solution
containing 3% of tartaric acid of whi ch the pH value is adjusted with

amonia to 6.25 [err]

As a result, the counter voltage signal line CL
has a decreased resistance, the common signals are
smoothly propagated, the picture quality is improved,
and the common signal generator unit consumes a reduced

5 amount of electric power.

By commonly using the counter voltage signal line
CL, furthermore, the number of portions where the video
signal line DL intersects the counter voltage signal
line CL is decreased by about 25% compared with that of

10 the conventional structure, and probability of
short-circuiting between the video signal line DL and
the counter voltage signal line CL decreases.

Fig. 6 is a diagram of an electric equivalent
circuit of two pixels adjacent to each other in the

15 direction of column, constituting the liquid crystal
display element of a lateral electric field system of
the embodiment. |

In Fig. 6, reference numeral 24 denotes a wiring
from the video signal line DL to the drain electrode

20 SD2, 31 denotes the interline capacitanee between the
counter voltage signal line CL and the video signal
line bL, 32 denotes the interline capacitance between

~the gate signal line GL and the video signal'line DL,
and 33 denetes the interline capacitance between the

25 gate electrode GT and the pixel electrode PX.



0.05, with an ethylene glycol solution into 1:9, and t he anodi zi ng
current density is adjusted to 0.5 mA/cn® (constant-current

anodi zation). The anodi c oxidation 15 is carried out until an anodi zi ng
voltage of 125 Vis : reached, which is necessary for obtaining an
A1203 film havi ng a predeternineg t hi ckness. Desirably, this

state is then held for several tens of>finutes (constant-vol t age
anodi zation). This is inportant in 20 view of form ng a uniform A1203
film Thus, the conductive filmgl is anodically oxidized, and
anodi cal |y oxidized filmACF having a thickness of 1800 [err] is
formed on the gate el ectrodes GI, scanning signa

The constitution of embodiment 1, as shown in the
drawings, makes it possible to decrease the parasitic
capacitance 31 between the video signal line DL and the
counter voltage signal line CL, and to smoothly

5 propagate liquid crystal drive signals to the drain
electrodes SD2 and to the counter electrodes CT through
the active filter wiring.

According to this embodiment as describéd above,
it is possible to improve the picture quality and to

10 decrease the consumption of electric power by the
signal generator unit.

As shown in Fig. 2, furthermore, the gate
electrodes GT, gate signal lines GL and thin-film
transistors TFT are devided by the two pixels adjacent

15 to each other in the direction of column, the drain
electrode SD2-is used in common, and the wiring 24 from
the commonly used drain electrode SD2 to the video
signal line DI. is provided between the opposing gate
‘signal lines GL. The constitution of this embodiment

20 makes it possible to decrease the area where the drain '
electrode SD2 intersects the gate signal line GL and to
decreése the probability of short-circuiting between
the drain electrode SD2 and the gate signal line GL.

Referring to the equivalent circuit of Fig. 6,

25 the parasitic capacitance (interline capacitance) 32



lines G, counter electrodes CT, counter voltage signal 25 lines CL and

el ectrodes PLL. 75 Step
C, Fig. 15. The transparent conductive filmg2 of the ITO
filmhaving a thickness of 1400 [err] is formed by

38

decreases between the drain electrode SD2 and the gate

signal line GL, signals can be smoothly propagated to

the gate electrodes GT, the picture quality is

improved, and a decreased amount of electric power is
5 consumed by the signél generator unit.

The constitution of this embodiment in which the
counter-voltagé signal: 1line CL is used in common and -
the drain electrode SD2 is used in common by the two
pixels adjacent to each other in the direction of

10 column, can be further applied to a conventional liguid
crystal display panel of vertical electric field
system.

The position of the thin-film transistor TFT can
be moved on the gate signal line GL without increasing

15 the area of intersection of the drain electrode SD2 and
the gate electrode GT.

Here, the bixel electrode PX in the liquid
crystal display element according to the present
invention is of a narrow linear form, which may cause

20 the pixel to become defective when it is broken.

Fig. 4 is a plan view illustrating the structure
of a bixel constituting a liquid crystal display
element of a second embodiment according to the present
invention.' As shown in Fig. 2, the thin-film

25 transistors TFT are so provided that the plurality of



5 sputtering. After the photographic treatnent, the t ransparent

conductive filmg2 is etched with a m xed acid solution of
hydrochloric acid and nitric acid as an etching solution, in order to
form t he upper nost | ayer of the gate term nal GIM and second
conductive 10 | ayers of the drain t §nina| DTM and t he counter

el ectrode term nal CTM Step Fig. 16. Amoni a gas,
silane gas and nitrogen gas are 15 i ntroduced into a plasnma CVD
?ppa{atus to forma silicon nitride filmhaving a thickness of 2200
err].

thin-film transistors TFT are connected to the number
of the pixel electrodes PX while utilizing the features
of the first embodiment, the drain electrode SD2 is
used in common, and the wiring from the drain electrode
5 SD2 to the wvideo signal line DI is formed between the
opposing gate signal lines GL. Hence the display of
pixel is-in an almost normal state even in case one of
the pixel electrodes PX is broken at a portion. :
When any one of the thin-fiim transistors becomes
10 defective, furthermore, the pixel electrode PX
connected to the defective thin-film transistor is cut
by using a laser correction means or the like, and the
image is displayed using other normal thin-film
- transistors. _
15 According to the second embodiment as described
' above, it is possible to obtain an active mat;ix—type
liquid crystal display element having a high picture
quality and fabricated efficiently-
Fig. 5 is a plan view illustrating a plurality 6f
20 pixels in a liquid'cfystal display panel of in-plane
electric field system formed by arraﬁging the pixels of
the first embodiment. In Fig. 5, the counter voltage
signal line CL is used in common by the two pixels
- adjacent to each other in the direction of column

25 indicated by arrow P.



Then, silane gas and hydrogen gas are introduced into t he plasma CVD

apparatus to forman i-type anorphous silicon film having a thickness
of 2000 A. Thereafter, 20 hydr ogen gas and phosphi ne gas are introduced
into the pl asma CVD apparatus to forman N(+)-type anorphous

silicon filmhaving a thickness of 300 [err]. Step E, Fig. 16. 25

After the photographic treatnent, the +)-type

The number O of counter electrodes CT (number of
comb teeth) in a pixel is so selected as to always
maintain the relationship 0 = P + 1 with respect to the
number P of pixel electrodes PX (number of comb teeth)

5 (0.=3, P =2 in this embodiment). The reason is that
the counter electrode CT and the pixel electrode PX are
alternately arranged and the counter electrodes CT are -
provided on both sides of the video signal line DL on a
plane. This makes it possible to shield the lines of

10 electric force from the video signal line DL with the
counter electrodes CT, so that the electric field
between the-counter electrode CT and the pixel
‘electrode PX is not affected by the electric field
generated by the video signal line DL. The counter

15 electrode CT is fed with a potential at all times from
an external unit, i.e., from a counter voltage signal
line CL that will be described later, and takes a
stable potential. Therefore, the poteniial of the
counter electrode CT changes very little even when it

20 is laid close to the video signal line DL. This
further causes the pixel electrode PX to be located
geomeﬁrically away from the video signal line DL.
Therefore, the parasitic capacitance between the pixel
electrode PX and the video signal line DL, greatly

25 decreases, making it possible to suppress fluctuation



76 anor phous silicon filmand i-type anorphous silicon film
are selectively etched by using SF[err] and CCl[err] as dry etching
gases, in order to formislands of the i -type sem conductor |ayer AS.
5_|_ Step F, Fig. 16. After the photographic treatnent, the
silicon

10

15

20

25

nitride filmis selectivgiy etched by using SF6 as a

ap—

in the pixel electrode potential Vs caused by the video
signai;voltage. Therefore, crosstalk (image defect
called vertical smear) that occurs in the up-and-down
direction is suppiessed.

The pixel electrode PX and the counter electrode
CT have widths Wp and Wc which are 6 um, respectively,
and are very larger than a maximum predetermined
thickness of 4.5 uym of a liquid crystal layer that will
be described later. By taking variation during the

production into consideration, it is desired that a

.margin of not smaller than 20% is maintained.

Desirably, therefore, these electrodes should have

widths of much larger than 5.4 um. Therefore, the

electric field componeﬁt which is applied to the liquid

crystal layer and is in parallel with the surface of

the substrate becomes larger than the electric field

component in the direction perpendicular to the surface -

of the substrate, making it possible to lower the
voltage for driving liquid crystals.

It is further desirable that the maximum widths
Wp and Wc of the pixel electrode PX and the counter
electfode CT are smaller than the gap L between the
pixel electrode PX and the counter electrode CT. The
reason is that when the gap between the electrodes is

too small, the lines of electric force are greatly



dry etching gas. 10 Step G Fig. 17. The conductive filmd
made of chrom um and havi ng a thickness of 600 [err] is formed by
sputtering, and the conductive filmd2 nade of Al-Pd, A -Si, A -Ta,

Al -Ti-Ta or the |ike having a thickness of 4000 Ais 15 forned by
sputtering. After the photographic treatnment, the conductive filmd2
I s etched using the sane solutiﬁﬂias the one used in step A and the
conductive filmdl is etched using a ceric amoni um nitrate sol ution,

in order to formvideo signal lines 20 DL, source electrodes SD1, drain
el ectrodes SD2, pi xel :

curved whereby the area increases where the electric
fieid component perpendicular £o the surface of the
substrate becomes greater than the electric field
component in parallel with the surface of the

5 substrate, making it difficult to efficiently apply the
electric field component in parallel with the surface
of the substrate to the liquid crystal layer.
Therefore, when the margin is 20%, the gap L between
the pixel electrode PX and the counter electrode CT

10 must be greater than 7.2 pm.

The embodiments 1 and 2 have a resolution of 640

x 480 dots, a diagonal of 10.4 inches, and a pixel
pitch of 110 ym. By dividing the pixels by four, the
gap L becomes greater than 7.2 pym. That is, by

15 dividing the pixels by not more than eight, a gap L >
7.2 im is satisfied. When the pixels are divided by 10
or a larger number, however, the gap L becomes smaller
than 7 pm, which does not satisfy the required
condition. |

20 ' Furthermore, the video signal line DL has a width
of 8 um so that it will not be broken, which is
slighfly 1ar§er than that of the pixel electrode PX and
the counter electrode CT. In order to prevent short-
circuiting, a gap of 1 uym is formed between the video

25 signal line DL and the counter electrode CT. Here, the



el ectrodes PX, electrodes PL2, second and third conductive | ayers of

common bus line CB, and bus |ine _ SHd (not shown) for short-circuiting
the drain termnals DTM Next, CCl[err] and SF[err] gases are

i ntroduced 25 into the dry etching device in order to etch the

77 N(+) -type anor phous silicoquiln1and, hence, to

a—

video signal line DL has a width which is not larger
than twice the width of the counter electrodes CT that
are located on both sides thereof. Or, when the width
of the video signal line DL is determined based on the
5 production yield, the width of the counter electrodes
CT located on both sides of the video signal line DL is
determined to be not smaller than one-half the width of
the video signal line DL. The reason is ﬁhat the lines
of electric force generated from the video signal line
10 DL is absorbed by the counter electrodes CT on both
sides thereof. To absorb the lines of electric force
generated from the signal line having a given width,
the lines that absorb the lines of electric force must
have a width which is not smaller than the width of the .
15 line generating the lines of electric force.

Therefore, the lines of electric force generated
from half (4 uym each) the width of the video signal
line DL need to be absorbed by the counter electrodes
CT on both sides thereof, respectively. For this

20 purpose, the counter electrodes CT located on both-
sides of the video signal line DL has a width of not
smaller than one-half thereof. This makes it possible
to prevent crosstalk (particularly, crosstalk in the
up-and-down (vertical) direction) caused by video

25 signals.



selectively renove the N(+)-type sem conductor |ayer dO bet ween t he

source and the drain. 5 Step H, Fig. 17. Amoni a gas,
silane gas and nitrogen gas are i ntroduced into the plasnma CVD
apparatus to provide a silicon nitride filmhaving a thickness of 1
pm After t he photographic treatggent, the silicon nitride filmis 10
sel ectively etched by a phot oengravi ng—technol ogy by using SF6 as a
dry etching gas, in order to formthe protective film PSV.

The gate signal line GL has a width that
satisfies a resistance capable of applying a sufficient
gate voltage to the gate electrodeé GT of pixels-at the
terminals (on the side opposite to the gate electrode

5 terminals GTM that will be described later).
Furthermore, the counter voltage signal line CL has a
width, i.e., has a resistance capable of applying a
sﬁfficient counter voltage to the counter electrodes CT
of pixels at the terminals (on the side opposite to the

10 common bus line CB that will be described later).

Oon the other hand, the gap between the pixel
electrode PX and the counter electrode CT is changed
accordihg to the liquid crystal material that is used.
The reason is that the electric field intensity for

15 .acéomplishing a maximum transmission factor differs
with the liquid crystal material. Therefore, the gap
between the electrodes is determined depending upon the
liquid crystal material, such that a maximum
transmission factor is obtained within a range of

20 maximum amplitude of a signal voltage that is
determined depending upon the breakdown voltage of the
video‘signal driver unit (driver of the signal side)
that is used. The gap between the electrodes becomes
16 ym when a liquid qrystal material described later

25 will be used.



[ Equivalent circuit of the whole display device] 15 Fig. 19 is a
di agram of connection of an equi valent circuit of the display matrix
unit and of . t he peripheral circuits thereof. This circuit diagram
Is so drawn as to correspond to the practi cal geonetrica
arrangenent, wherein AR denotes a matr 20 array in which a plurality
of pixels are arranged in a t wo-"t nensi onal confi gurati on.

In the drawi ng, symbol X represents video signal lines DL, and’
subscripts G B and R are added to green, bl ue and red pixels,
respectively. Synbol Y denotes 25 scanning signal lines G, and
subscripts 1, 2, 3, ---

[{Cross-sectional constitution of the matrix unit (pixel
unit)]

Fig. 7 is a sectional view cut along the line 3-3

5 in Fig. 2, Fig. 8 is a sectional view of a thin-film

transistor element TFT cut along the line 4-4 in Fig.
2, and Fig. 9 is a sectional view of a storage
capacitor Cstg cut along the line 5-5 in Fig. 2. As
shown in Figs. 7 to 9, on the side of the lower

10 transparent glass substrate SUBl are formed a thin-film
transistor TFT, a storage capacitor Cstg and a group of
electrodes, and on the side of the upper ttansparent
glass substrate SUB2 are formed a color filter FIL and
a blaék matrix pattern BM for blocking light, with

15 respect to a liquid crystal layer ILC.

Furthermore, orientation films ORIl and ORI2 for
controlling the initial orientation of liquid crystals
are provided on the inside surfaces (liquid crystal LC
side) of the transparent glass substrates SUBl and

20 SUB2, and polarizer plates are provided with their -
polarizing axes intersecting at right angles (cross-
nicol.arrangement) on the outside surfaces of the

transparent glass substrates SUBl and SUB2.

25 [TFT substrate]



78 end are added in the order of scanning tim ngs. The

scanning signal lines Y (subscript is omtted) are connected to a
vertical scanning circuit V, and the video signal lines X (subscript
is omtted) 5 are connected to a video signal driver unit H

46

Sme——

Constitution of the lower transparent glass
substrate SUBl1 (TFT substrate) will now be described in
detail.

[Thin-film transistor TFT]

5 The thin-film transistor TFT so operates that the
channel resistance decreases between the source and the
drain when a positive bias is applied to the gate
electrode GT thereof, and that the channel resistance
increases when a zero bias is applied théreto.

10 Referfing to Fig. 8, the thin-film transistor TFT
includes the gate electrode GT, a gate insulating film
GI, an i-type semiconductor 1ayér AS made of i-type
amorphous silicon (a-Si)(without doped with intrinsic
conductivity-~type-determining impurities), a pair of

15 = source electrode SD1 and drain electrode SD2. The

source and drain are usually determined by the bias
polarity therebetween. 1In the circuit of the liquid
crysfal display device, the'polarity is inverted during
the operation. It should therefore be noted that the

20 source and drain are interchanged during the operation.
In the following description, however, either of them
is fikedly expressed as a source and the other as a

drain only for convenience of description.

. 25 [Gate electrode GT]



SUP denotes a circuit inclusive of a power-source circuit for

producing a plurality of voltages that are produced by dividing the
vol tage of a voltage source and stabilized, and a circuit for
converting the 10 i nformati on for CRT (cathode-ray tube) from a host
(higher order arithmetic unit) into information for TFT liquid
crystal display device. [Drivinig nethod] 15 Fig. 20
illustrates waveforns for driving the liquid crystal display device
of the present invention. The counter voltage has an AC rectangul ar

wavef or m and

The gate electrode GT is continuous to the gate
signal line GL, and is formed by part of the region of
the gate signal line GL. The gate electrode GT is é
portion which extends over the active region of the
5 thin-film transistor TFT, and is so formed as to
completely cover the i-type semiconductor layer AS (as
viewed from below). Therefore, in addition to its
role, the gate electrode GT works to shield the i-type
~ semiconductor layer AS from external light or
10 backlight. 1In this embodiment, the gate electrode GT
is composed of a single conductive film gl. As the
conductive film gl, there can be used an aluminum film
formed by, for example, sputterin§ and an anodically
oxidized film AOF of aluminum is formed thereon;
15 |
[Scanning (gate) signal line GL] .
The scanning (gate) signal line GL is ‘constituted
by a conductive film gl. The conductive film gl
§9fmihg'thé'scannihg $ignal line GL is formed through . -
20 the éame step as that of forming the conductive film gl
of the gate electréde GT and as a unitary structure.
Throuéh the scanning signal line GL, the gate voltage
Vg is fed to the gate electrode GT from an external
circuit. On the scanning signal line GL is formed an

25 anodically oxidized film AOF of aluminum, too. A



has two va
non-sel ecti
changed i nt
period. The
the anmplitu
has a val ue
the anmplitu

ues, i.e., Vch and Vcl. In synchroni sm therewi th,

t he

on vol tage of the scanning 20 signals Vg(i-1) and Vg(i) is

vol t age

o two val ues, i.e., Vglh and Vgll for every scanning
anplitude of the counter voltage is set to be equal to
de of the non-selection vo%é?ge. The vi deo si gnal
dmhi?h Ls the remai nder 2 obt ai ned by subtracting one-half .
e of the

portion that intersects the video signal line DL is

formed narrow to decrease the probability of short-

circuiting relative to the video signal line, and is

10

branched into two so that it can be separated by laser

trimming in case it has short-circuited.

[Counter electrode CT]
The counter electfode CT is constituted by the
conductive film gl of the same layer as the gate

electrode GT and the scanning signal line GL. On the

. counter electrode CT is formed an anodically oxidized

15

20

25

film AOF of aluminum, too. The counter electrode CT is
completely covered with the anodically oxidized film
ADF and prevents short-circuit even when it is laid as
close to the video signal line as possible. Moreover,
they can be so arranged as to intersect. A counter
voltage Vcom is applied to the counter electrode CT.
In this embodiment, the counter voltage Vcom is set to
a potential which is lower than an'intermediate.
potential between a drive voltage Vdmin of a minimum
level applied to the video signal line DL and a drive
voltaée Vdmax of a maximum level by a field-through
voltage AVs that generates when the thin-film
transistor element TFT is turned off. When it is

necessary to nearly halve the power source voltage of
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the liquid crystal |ayer.

vol t age.

Cst g]

10

20

25

By

15

counter voltage froma voltage that is to be applied to
The counter voltage nay be a DC
enpl oyi ng an AC voltage; however, it is possible to
| ower the maxi mum anplitude of the video signal voltage - and,

to enploy a video signal driver unit 9 (signal side driver) having a
decreased breakdown vol t age. fie

the integrated circuit used in the video signal driver

unit, an AC voltage should be applied.

[Counter voltage signal line CL]

The counter voltage signal line CL is comnstituted
by a conductive film gl. The conductive film gl
forming.the counter voltage sighal line CL is formed
through the same step as that of forming the conductive
£film gi of the gate electrode GT, scanning signal line
GL and counter electrode CT, and as a unitary
structure. Through the counter voltage signa} line CL,
the counter voltage Vcom is fed to the counter
electrode CT from an external circuit. On the counter
voltage signal line CL is formed an anodically oxidized
film AOF of aluminum, too. A portion that intersects-
the video signal line DL is formed narrow to decrease

the probability of short-circuiting relative to the

v1deo 51gna1 line like the case of the scanning s1gnal ’

line GL, and is branched 1nto two so that it can be

separated by laser trimming in case it has short-

circuited.

[Insulating film GI]
The insulating film GI is used as a gate

insulating film for imparting an electric field to the

5

hence,

[ Operation of storage capacitor



The storage capacitor Cstg is provided in order to store video data
witten into a pixel (after the thin-filmtransistor TFT is turned
off) for a extended period of tinme. According to the systemin which
the 15 welectric field is applied in parallel with the surface of
the substrate enployed by the present invention unli ke the systemin
which the electric field is appligg vertically to the surface of the
substrate, there exists al nbst no capacitance (so-called liquid 20
crystal capacitance) that is created by the pixel el ectrode and the
counter electrode. Nanely, the liquid crystal capacitance is

I ncapabl e of storing _

gate electrode GT and to the semiconductor layer AS in
the thin-film transistor TFT. The gate insulating film
GI.is formed on the gate electrode GT and on the
scanning signal line GL. As the gate insulating film
5 GI, a silicon nitride f£ilm formed by, for example,
plasma CVD having a thickness of 1200 to 2700 & (about
2400 & in this embodiment) is used. .The gate
insulatiﬁg film GI is so formed as to surround the
whole matrix unit AR, and the periphery is removed so
10 that external connection terminals DTM, GTM are
.expoéed; The insulating film GI contributes to
electrically insulating the scanning signal 1ine GL,
_ céunter voltage signal line CL and video signal line
DL. -
15
[i-Type semiconductor layer AS]
The i-type semiconductor lgyer AS is made of
amorphous silicon and has a thickness of from 200 to
2200 & (about 2000 A in_ this ‘embodiment). A layer do
20  is an N(+)-type amorphous silicon semiconductor layer
doped with phosphorus (P) for ohmic contact, and is
left 6nly on a portion where the i-type semiconductor
layer AS exists thereunder and conductive layers dl
(d2) exist thereover.

25 The i-type semiconductor layer AS is also



video data in the pixel. In the systemin which the electric field is
applied in parallel with the surface 25 of the substrate, therefore, the

storage capacitor Cstg 80
is an essential constituent el enent. When the thin-film
transi stor TFT undergoes the 51

,

provided-at the portions (cross-over portion) where the
scanning signal line GL, the counter voltage signal
line CL and the video signal liné DL intersect. The
i-type semiconductor layer AS at the intersecting

5 portioh decreases the probability of short-circuiting
at the portions where the scanning signal line GL, the
counter  voltage signal line CL and the video signal

line DL intersect.

10 [Source electrode SD1, drain electrode SD2]
The source electrode SD1 and the drain electrode

SD2 are, respectively, composed of the conductive film
dil that is in contact with the N(+)-type semiconductor
1aye£ do and.the conductive film d2 formed thereon.

15 The conductive film dl i$ composed of a cﬁromium
(Cr) film formed by sputtering and has a thickness of
500 to 1000 i (about 600 A in this embodiment). The Cr
film is so formed as to have a thickness of not larger-
than about_2060 &, since stress is broduced as its

20 thickﬁess increases. The Cr film is used in order to
improve.the adhesiveness to the N(+j-type semiconductor
layer.do and to prevent aluminum conductive film d2
from diffusing into the N(+)-type semiconductor layer
do (i.e., used as a so-called barrier layer); As the

25 conductive film dl, there may be used a film of a



swi tching operation, furthernore, the storage capacitor

to lower the effect of a change [err]Vg in the 5 gate potential
el ectrode potential Vs. This is expressed by the foll ow ng

pi xel

f ormul a,
where Cgs is the parasitic capacitancegégrned bet ween the gate

el ectrode GI and the source el ectrode
transi stor,
el ectrode PX and the counter
i n the pixel

f eed-

10

15

20

25

[err]Vs = {Cgs/(Cgs + Cstg + Cpix)} x [err]\Vg

of 10 the thin-film
Cpi x is the capacitance formed between the pixel

Cstg serves

upon the

el ectrode CT, and [err]Vs is the change

el ectrode potential caused by [err]Vg, i.e., is the
t hrough voltage. This change [err]Vs is a cause of the DC

high-melting metal (Mo, Ti, Ta or W) and a film of a
high-melting metal silicide (MoSi,, TiSi,, TaSi, or.
WSi,) in addition to Cr film.

The conduct%ve film d2 having a thickness of 3006
to 5000 A (about 4000 & in this embodiment) is formed
by Al sputtering. The Al film causes less stress than
Cr film and can, hence, be so formed as to have a large
thickness, in order to decrease the resistances of the
source electrode SD1; drain electrode SD2 and video
signal line DI, and to reliably extend over the steps
caused by the gate electrode GT and the i-type
semiconductor layer AS (to improve step coverage).

After the conductive films dl and d2 are
patterned using the same mask patterﬁ, the N(+)-type
semiconductor layer 40 is rémoved by using the same
mask or by using the conductive films dl1 and d2 as
masks. That is, the N(+)-type semiconductor layer d0
remaining on the i-type semiconductor layer AS is
removed in a self-élignment manner except the portions
of the conductive films dl and d2. 1In this case, the
N(+)-type semiconductor layer d0 is removed by etching
and, ﬁende, the surface of the i-type semiconductor
layer AS is etched to some extent, which, however, can

be controlled by changing the etching time.



15 conponent applied to the liquid crystal LC, but can be decr eased

with an increase in the storage capacity Cstg. A decrease in the DC
conponent applied to the liquid crystals LC leads to a long |ife of
the liquid crystals LC and reduces the so-called printing image in
20  which the preceding picture remnai when the picture on t he

|l irquid crystal display screen is chan : As descri bed earlier,
since the size of the gate - electrode GI is increased so as to

conpl etely cover the | -type sem conductor |ayer AS, the area where

the gate 25 el ectrode GI and the source el ectrode SD1 overl ap one
[{Video signal line DL]
The video signal line DL is constituted by the
first conductive film dl and the second conductive film
d2 pf the same layers as the source electrode SD1 and
5 the drain electrode SD2. Moreover, the video signal
line DL is formed integrally with the drain electrode

SDZ L Z

[Pixel electrode PX]
10 The pixel electrode PX is constituted by the
first conductive film dl and the second conductive film
d2 of the same layers as the source eléctrode SD1 and
the drain electrode SD2. Moreover, the pixel electrode
PX is formed intégrally with the source electrode SDI1.
15
[Storage capacitor Cstg]

The pixel. electrode PX is so formed as to be
superposed on the counter voitage signal line CL at an
end on the side opposite to the end that is connected

20 to the thin-film transistor TFT. As will be obvious
from Fig. 9, this superposition constitutes a storage
capacitor (capacitance element) Cstg having the pixel

. electrode PX as one electrode PL2 and having the
counter voltage signal line CL as the other electrode

25 PL1. The dielectric film of this storage capacitor



upon the other is accordingly increased and, hence, the parasitic
capacitance Cgs is increased, giving an adverse effect that the pixel
el ectrode potential Vs is easily affected by the gate (scanning)
signal Vvg. 5 However, the provision of the storage capacitor Cstg
elimnates this denerit. 54

—

Cstg is composed of the insulating film GT that is used
as the gate insulating film of the thin-film transistor
TFT and the anodically oxidized film AOF. .
As shown in Fig. 2, the storage capacitor Cétg is
5 formed, when viewed from above, on an expanded portion
of the conductive film gl of the counter voltage signal
line CL.
In this case, the electrode located under the
insulative film GI of the storage capacitor Cstg is
10 made of aluminum having anodized surface. Therefore,
the storage capacitor hardly causes defect (short-
‘circuiting to the electrode of the upper side) that is

caused by so-called whiskers of aluminum.

.15 [Protective film PSV1]
A protective film PSV1 is provided on the thin-
_fiim transistor TFT. The pfotective film PSV1 is
formed chiefly for protecting the thin-film transisto;
TFT from moisture and the like and must have a high
20 transparency and a good resistance against humidity;
The protective film PSV1 is composed of, for example, a
silicon oxide film or a silicon nitride film formed by
a plasma CVD device, and has a thickness of about 1 um.
The protective film PSV1 is so fofmed as to

25 surround the whole matrix unit AR, and its periphery is



[ Met hod of connecting counter voltage signal lines CL
line CB] 10 Fig. 27 is a block diagram schemati
illustrating the constitution of the liquid crystal

to common bus
cally

di spl ay devi ce of

a third enmbodi nent according to the present invention.

liquid crystal display device of this 5 enbodinment is conposed of a
matrix substrate SUBL in whi ch t pi xel s 120 are arranged in the
formof a matri x, a counter substrate SUB2, a timng controller

100, a drain driver unit 102, a gate driver unit 104, a
vol t age generator and driver unit 103, and

common

removed so that the external connection terminals DTM

and GTM are exposed. As for the thicknesses of the

protective film PSV1 and the gate insulative film GI,

the former film is formed so as to have a 1arge'.

5 thickness in consideration of the effect of protection

and the latter film is formed so as to have a small

thickness in consideration of the mutual conductance gm

to the transistor. Therefore, the protective film PSV1

that exhibits a high protection effect is formed in a

10 size larger than the gate insulative film GI in order

to protect even the peripheral portions as
possible.
[Coloxr filter sﬁbstrate]

15 Referring to Figs. 2 and 7 again, the

wide as

constitution of the upper transparent glass substrate

SUB2 (color filter substrate) will now be described in

detail.

20 [Light-shielding f£ilm BM]

Oon the upper transparent glass substrate SUB2 is

formed a light-shielding BM (so-called black matrix),.

so that undesired light transmitted through the gaps

(gaps other than the gap between the pixel

electrode PX

25 and the counter electrode CT) does not go to the side

The



20 liquid crystals (not shown) seal ed between the matrix substrate
SUB1 and the counter substrate SUB2. ' On the matrix substrate
SUB1 are arranged the video signal lines DL for feeding a drive

vol t age necessary for driving the pixels 120 and the scanning 25
signal lines G.. The video signal |ines DL and the

82 —

of the display surface to deteriorate the contrast and
the like. The light-shielding film BM also serves to
prevent external light or backlight from falling on the
i-type semiconductor layer AS. That is, the i—type

5 semiconductor layer AS of the thin-film transistor TFT
is sandwiched by the light-shielding film BM and the
gate electrode GT of a large size located on the upper
and lower sides, and so does not receive natural light
or backlight from the external side.

10 A polygonal contour line of the light-shielding
film BM shown in Fig. 2 represents an opening inside
which ho light-shielding film BM is formed. This is
only an example of the contour line. The pattern may
be the one shown in Fig. 3 when it is desirable to form:

15 a large opening portien. In the region A of Fig. 3,
the direction of the electric field is disordered and
the display of this portion corresponds to the video
data in the pixel in such a 1l-to-1l manner that the
display is black when this portion is black, and is

20 white when this portion is white. Therefore, this -
portion can be utilized as part of the display.
Furthermore, the boundary in the up-ahd-down direction
of the drawing is determined by the precision of
registration of the upper and lower substrates. When

25 the precision registration is better than the width of



scanning signal lines G are perpendicular to each ot her and surround -

the pixels 120, the video signal | ines DL being connected to the
drain driver unit 102 and the scanning signal |lines G being
connected to the 5 gate driver unit 104. The counter voltage
signal lines CL connected to t he gounter el ectrodes CT in the pixels
120 are arranged in parallel mﬁtﬁuxhe scanni ng signal lines G.

The counter voltage signal lines CL are further 10 connected at their
both ends to the comopn vol tage . generator and driver unit 103 via the
common bus |ine ' CB. '

the counter elecﬁrodes CT located on both sides of the
video signal line DL, the opening portion can be
widened by setting the boundary line within the width
of the counter electrode. '

.5 - The light-shielding film BM has light-shielding
property against light, and is composed of a highly
insulating film so as not to affect the electric field
between the pixel electrode PX and the counter
electrode CT. This enables the electric field

10 component in parallel with the surface of the substrate
to be effectiQely applied to the liquid cryétal layer,
and makes it possible to lower the voltage for driving
liquid crystals. The light-shielding f£ilm BM is made
-of a material obtained by mixing a black pigment into'a

15 resist material, ‘and has a thickness of about 1.2 um.
As another embodiment, there can be used a materiai
obtained by mixing palladium and electroiess-plated
nickel into the resist material.

In this case, the gap can be increased to some

20 extent between the pixel electrode PX and the counter
electrode CT, making it possible to increase the
aperture ratio. |

The light-shielding film BM is formed like a
lattice surrounding the pixels. The lattice partitions

25 the effective display area of each pixel. Therefore,



The gate driver unit 104 and the drain driver unit 102 are connected
to the timng controller 100. 15 The timng controller 100 receives

vi deo signals and timng signals fromthe external host 101, and the
drain driver unit 102 generates a drive voltage corresponding to the
video signal and feeds it to the video signal lines DL in response to
atimng signal. 20 The gate &8 ver unit 104 receives timng

signal s fed fromthe timng contT®ll er 100, generates a gate

drive voltage corresponding to the video signal, and feeds it to the
scanning signal lines GL in response to a timng signal. '

the contour of each pixel is clearly shown by the
light-shielding film BM. That is, the light-shielding
film BM has the two functions, i.e., a black matrix and
shielding against:light that falls on the i-type '

5 -semiconductor layer AS.

The light-shielding film BM is formed like a

frame even on the peripheral portions, and has a
pattern that is continuous to the pattern of the matrix
unit that has a plurality of dot-like openings. The

10 light-shielding film BM on the peripheral portions
outwardly extends over the sealing portion SL to
prevent the.leakage of light such as light reflected by
a device.og which the display ié mounted, such as a
personal .computer, from entering the matrix unit. The

15 light-shielding film BM is short éf'the edges of the
' substrate SUB2 by about 0.3 to 1.0 mm, and does not

extend to the cut regions of the substrate SUB2.

[Color filter FIL]

20 . The color filter FIL forms sfripes of a
repetition of red, green and blue lines at poéitions
facing the pixels. The color filter FIL is so formed °
as to be superposed on the edge portions of the light-
shielding film BM.

25 The color filter FIL is formed as described
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in the matri x substrate SUB1
vol t age signa

conmon

10

15

20

25

As a result, the drain voltage corresponding to

the video signal is successively applied to the pixels
In this enbodi nent, the counter
lines CL are connected at their both ends to the

59

am——

below. First, a dyeable member such as acrylic resin

is formed on the surface of the upper transparent glass

- substrate SUB2, and is then removed by photolitho-

graphic technology, leaving it on the red filter-

forming regions. Then, the dyeable member is dyed with

a red dye and is fixed to form a red filter R. Next, a

green filter G and a blue filter B are formed

successively through the same steps.

[Overcoat f£ilm OC]

The overcoat film OC is prbvided to prevent the
dye of the color filter FIL from.leaking to the liquid
crystals LC and to flatten the steps produced by the

color filter FIL and light-shielding film BM. The

overcoat film OC is formed by using a transparent resin:

material such as acrylic resin, epoxy resin or the like

resins.

[Liquid crystal layer and polarizer plate]
The liquid crystal layer, orientation film and

polarizer plate will be described below.

[Liquid crystal layer]
As the liquid crystal materials LC, there are

used nematic liquid crystals having a positive

120



5 bus line CB. Here, the comon bus line CBis forned on t he

non-di splay region of the matrix substrate and is all owed to have an
i ncreased width. Therefore, the resi stance of the comon bus line CB
can be set to be smal l er than the resistance of the counter voltage
10 signal lines CL. : Fig. 28ghs a diagramillustrating an

equi val ent circuit of a passage Eg; transmtting the drive voltage
applied to the counter electrodes CT in the liquid crystal display
device of this enbodinent, and Fig. 29 15 is a di agram show ng wavef or ns
of the drive voltage at . the respective points of Fig. 28.

dielectric constant anisotropy As of 13.2 and a
refractive index anisotropy An of 0.081 (589 nm at
20°C), and nematic liquid crystals having a negative
dielectric constant anisotropy Ae of -7.3 and a

5 refractive index anisotropy An of 0.053 (589 nm at
20°). The liquid crystal layer has a thickness (gap)
of not smaller than 2.8 uym but not larger than 4.5 um
when it has a positive dielectric constant anisotropf
As.

10 In this case, there is obtained a transmission
factor that does not almost change with the wavelengths
within a ﬁange of visible light when the retardation
An-d is not smaller than 0.25 pym but is not larger than
0.32 ym, and most of the liquid crystals having a

15 positive dielectric constant anisotropy As have a .
birefringeﬂce anisotropy An which is not smaller than
0.67 but is not larger than 0.09.

On the other hand, the liquid crystal layer has a
thickness (gap) which is not smaller than 4.2 uym but is

20 not larger than 8.0 ym when it has a negative
dielectric constant anisotropy Ae. The reason is that
it is'necessary to determine the retardation An-d
within a range of not smaller.than 0.25 ym but not
larger than 0.32 uym, like the case of the liquid

25 crystals having a positive dielectric constant



Since the resistance 59 of the common bus Iine CB Is smaller than the
resi stance 58 of the counter vol tage signal lines CL, the waveforns
of the drive 20 voltage fed fromthe common voltage driver unit 60 to

the points Db E, F and Gin Fig. 28 becone a counter vol tage 62 at
point D, a counter voltage 63 at pointgE, a counter voltage 64 at
point F and a counter voltage 65-at point G respectively, as shown
in Fig. 29. 25 As will be understood fromFig. 29, this,

anisotropy Ae. In this case, most of the liquid
crystals having a negative dielectric constant
anisotropy Aes have a birefringence anisotropy An of not
smaller than 0.04 but not larger than 0.06.

5 A combination of the orientation films and the
polarizer plates that will be described later makes it
possible to obtain a maximum transmission factor when
the liduid crystal molecules are turned by about 45°
toward the direction of the electric field EDR from the

10 rubbing direction RDR.
The thickness (gap) of the liquid crystal layer
is controlled by using polymer-beads}
. There is no particular limitation on the liquid
crystal material LC so long as it is a nematiclliquid
15 crystal material. The drive volfage can be decreased
with an increase in the value of the dielectric
constant anisotropy Ae. The thickness (gap) of the
liquid crystal layer can be increased with a decrease
in the refractive index anisotropy An, in order to
20 shorten the time to pour the liquid crystals and to

decrease variation in the gap.

[Orientation film]
The orientation f£ilm ORI is made of a polyimide.

25 The upper and lower substrates have rubbing directions



84 enbodi ment nmakes it possible to reduce distortion in t he

waveform of the drive voltage fed to the counter el ectrodes CT from
t he common vol tage driver unit 60 of t he conmon vol t age gener at or
driver unit 103. 5 Therefore, the intensity of the electric field
bet ween the pi xel el ectrode PX and the6§ounter el ectrode CT becones
nearly uniformin the pixels 120, —4making it possible to decrease
ziriation in the bri ght ness al ong the counter voltage signal |ines

RDR which are in parallel with each other and form an
angle of 75° with respect to the direction of the
applied electric field EDR. Fig. 18 illustrates their
relationships. |

5 The angle formed by the rubbing direction RDR and
the direction of the applied electric field EDR may be
larger .than 45° but is smaller than 90° when the liquid
crystal material has a positive dielectric constant
anisotropy As, and may be larger than 0° but smaller

10 than 45° when the liquid crystal material has a

negative dielectric constant anisotropy As.

[Polarizer plate] _
Fig. 18 illustrates the relationships of.the
15 direction of the applied electric field, rubbing
direction and transmission axes of the polarizer
plates.
The pélarizer plates POL that are used are
G1220DU manufactured by Nitto Denko Co. The
20 transmission axis MAX1 of the lower polarizer plate
POL1 is appproximately parallel with the rubbing
direc£ion RDR, and intersect the transmission axis MAX2
of the upper polarizer plate POL2 at approximate right
angles. Fig..18 illustrates their relationships.

25 There are thus obtained normally-closed characteristics



10 Even when the counter voltage signal line CL is broken at a
portion, the drive voltage is supplied to the counter el ectrode CT
from both ends of the counter vol tage signal line CL, preventing the
di splay quality « frombeing inpaired, unlike the prior art, when the
15 drive voltage is no-longer suppli g to the counter el ectrode CT
of the pixels 120 after the broken por n and when the liquid
crystals are no | onger driven. Fig. 30Ais a plan view
illustrating the connection of the counter voltage signal line CL and
20 the common bus line CB at point A on the matrix substrate of

Fig. 27. Fig. 30Bis a sectional view cut

such that the transmission factor increases with an
increase in the voltage (between the pixel electrode PX

and the counter electrode CT) applied to the pixels.

5 [Constitution of the peripheries of the matrix]
Fig. 10 is a plan view illustrating essential
portions of the peripheries of the matrix (AR) of a
display panel PNL that includes the upper and lower
glass substrates SUBl1 and SUB2. Fig. 11 is a sectional
10 view illustrating on the left side the external
connection terminal GTM to be connected tb the scanning
circuit and its vicinity, and illustrating on the right
side the sealing portion where there is no external
connection terminal and its wvicinity.
‘15 When the panel that is to be produced is of a
small size,.a plurality of devices are fabricated on a:
~ sheet of glass, and are divided in order to impfove the
throughput. _When the paﬁel is of a large size, a glass
plate of standard size for common use of the production.
20 facility is worked and divided into a size that may’
meet the type. In either case, the glass is cut after
having been processed through predetetmined steps.
Figs. 10 and 11 illustrate the latter example, and
illustrate the upper and lower substrates SUBl1 and SUB2

25 after they have been cut, wherein LN represents edges



along the line I-1" in Fig. 30A, and Fig. 30Cis a sect i onal

along the line HH in Fig. 30A

vi ew cut

At point A shown in Fig. 27,

t he scanning signal 25 line GL and the counter voltage signal line CL
are 85 formed on the
matri x substrate by using alun1nun1lawgi gl and are anodically

oxidi zed so as to form al um num

10

15

20

25

of the two substrates before being cut. In the
finished state in either case, the upper substrate SUB2
is smaller than the lower substrate SUBl, so that the
portions where there exist external connection terminal
groups Tg, Td and terminal CTM (upper side and left
side in the drawings) are exposed. The terminal groups
Tg, Td are named for pluralities of terminals GTM for
connection to the scanning circuit, terminals DTM for
connection to the video signal circuit, and lead-out
wirings thereof in units of tape carrier package TCP
(6, 7) on which the integrated ci:cuit chip CHI is
mounted. The lead-out wirings from the matrix unit of

each group to the external connection terminal unit are

slanted toward both sides. The reason is that the

terminals DTM, GTM of the display panel PNL are in
agreement with the pitch of arrangement of the packages
TCP and the pitch of connection terminals in the
packages TCP. The counter electrode terminal CTM is

for applying a counter voltage to the counter electrode

CT from the external circuit. The counter electrode

signal lines CL of the matrix unit are led out to the
opposite side (right side of the drawing) of the
terminal GTM for the scanning circuit, and the counter
voltage signal lines are collected together through the

common bus line CB and are connected to the counter



oxi de AOF on the signal lines. By using a resist in this case, it is
i ntended not to form al um num oxi de 5 ACOF at the ends of the counter

vol tage signal l|ines CL. Next, a gate oxide filmd is forned. At
this nmonent, a contact hole CHL is fornmed in the ends of the counter
vol tage signal lines CL. Then, by usimpa chrom um | ayer dl and an
al um num | ayer d2, the video signal IO~ Iline DL and the common bus |ine
- CB are forned si mul t aneously. The common bus line CB is forned even
on the ends of the counter voltage signal lines CL, and - t he conmon
bus line CB and the counter voltage signal lines CL are electrically

connect ed toget her through
electrode terminals CTM.

Between the transparént glass substrates SUBl1 and
SUB2 is formed a sealing pattern SL except a liquid
crystal filling port INJ in order to pour the liquid

5 crystals LC. The sealing material is, for example, an
epoxy resin.

The orientation films ORIl and ORI2 are formed on
the inside of the sealing pattern SL. The polarizer
plates POL1 and POL2 are formed on the outer surfaces

.10 of the lower transparent glass substrate SUB1 and the
upper transparent glass substrate SUB2. The liquid
crystals LC are sealed in the regions partitioned by
the sealing pattern SL between.the lower orientation
film ORIl and the upper orientation film ORI2 that

15 determine the orientation of the liquid crystal
molecules. The lower orientation film ORIl is formed
on the protective film PSV1 on the side of the lower
transparent gl&és substrate SUBI.

In the liquid crystal display device, various

20 layers are stacked separately on the lower transparent
glass substrate SUBl1 and on the upper transparent glass
substfate SUB2, the sealing pattern SL is formed on the
substrate SUB2, the lower transparent glass substrate
SUBL and the upper transparent glass substrate SUB2 are

25 superposed one upon the other, the liquid crystals ILC



15 contact holes CHL at the ends of the counter voltage si gnal

lines CL. Finally, the protective filmPSV is formed followed by a
surface treatnment. Figs. 31Ais a plan view illustrating the
connection of the counter voltage signal lines CL and 20 t he conmon bus
line CB at point B on the matrix géubstrate of Fig. 27, and Fig. 31B
Is a sectional view cut along tkeine J-J' of Fig. 31A

The scanning signal lines G, counter voltage signal lines CL and

comon bus line CB are 25 simul taneously formed on the matri x substrate
by using

are poured through the opening INJ formed in the
seaiing member SL, and the filling port INJ is sealed
with an'epoxy resin or the like resin. The upper and
lower substrates are then cut to obtain the liquid

5 crystal display device.

[Gate terminal unit]
Figs. 12A and 12B aré views illustrating the
connection structure from the scanning signal lines GL
10 of the display matrix'to.the external connection
terminals GTM thereof, wherein Fig. 12A is a plan view
and Fig. 12B is a sectional view cut along the line B-B
in Fig. 12A. 'A slant wiring is represented by.a
'straigh£ line only for convenience of illustration.
15 Syﬁbol A0 dénotes'the bbundary line of ﬁhe direct
. photoresist drawing or, in other words,-a photoresist
pattern of selective anodic oxidation. Therefore, the
photoresist is removed after the anodic oxidation and
~ the pattern AO that is shown does. not remain in the
20 finished product. As shown in the sectional view, -
however, the oxide film AOF is selectively formed on
the géte wiring GL, and its trace remains. In the plan
view, the left side with respect to the boundary line
A0 of photoresist is covered with a resist so as not to

25 undergo anodic oxidation, and the right side is not



86 alum num gl, and are anodically oxidized to form al um num

oxi de AOF on the signal lines. Furthernore, a gate oxide filmd is
formed thereon. By using a resist in this case, it is intended not to
form 5 al um num oxi de AOF and gate oxide filmd at the ends of
the counter voltage signal lines CL amghy on the

—

covered with the resist and undergoes the anodic
oxidation. The anodically oxidized Al layer gl has an
oxide Al,0; film AOF formed on the surface thereof, and
the conductive portion of the lower side thereof has a

5 decreased volume. The anodic oxidation is carried out
by determining a suitable period of time and a voltage
so that the conductive portion may remain.

In the drawing, the aluminum layer gl is hatched

for easy comprehension but the region that is not

10 anodically oxidized is patterned like comb teeth. The
reason is that whiskers develbp on the surface when the
aluminum layer has a large width. Therefore, each line
pattern is formed narrow, and a plurality of line
patterns are bundled in parallel to minimize the

15 probability of breakage and the decrease of electric
conductivity while preventing the development of
whiskers. |

The gate terminal GTM comprises the aluminum

layer gl_and a transparent conductive layer g2 that

20 protects the surface thereof and improves the
reliability of connection to the TCP (tépe carrier
packaée). The transparent conductive film g2 is a film
(indium-tin-oxide ITO: Nesa film) formed by sputtering
and has a thickness of 1000 to 2000 & (about 1400 & in

25 this embodiment). The conductive layers dl and d2



common bus line CB. Next, the video signal |lines DL are formed by

using two | ayers, i.e., chromumlayer dl and al um num | ayer d2. At
the sane tinme, the chromum 10 | ayer dl and the alum num | ayer d2 are
fornmed even on t he common bus |ine CB. Thus, the conmon bus |ine CB
is constituted by the alum numlayer gtg chrom um | ayer dl and

al um num | ayer d2 and possesses a snalkd— resi stance. Finally, the
protective filmPSV is formed 15 foll owed by a surface treatnent.

Fig. 32Ais a plan viewillustrating the intersection of the video
signal lines DL and the comon bus line CB at point C on the matrix

substrate 8
formed on the aluminum layer gl and on the side

surfaces thereof, connect a chromium layer dl to both
the aluminum layer and the transparent conductive layer
g2 in order to compensate poor connection between the

5 aluminum layer and the transparent conductive layer g2
and to decrease the connection reéistance. The
conductive layer d2 remains since it is formed using
the same mask as the one for forming the conductive
layer dl.

10 | In the plan view, the gate insulative film GI is
formed on the right side of the boundary line, the
protective film PSV1 is formed on the right side of the
boundary line, and the terminal unit GIM located at the
left end is exposed so that it can be in ohmic contact

15  with an external circuit. The drawing illustrates only
a pair of géte line GL and gate terminal. In practice,
however, pairs are arranged on the upper and lower
sides as shown in Figs. 12A and 12B, constituting a
terminal groﬁp Tg (Fig. 10). In the production

20 process, the left end of the gate terminal extends -
beyond the region for cutting the substrates and is
short;circuited by the wiring SHg (not shown); In the
production process, this short-circuiting line SHg
serves to feed electric power during the anodic

25 oxidation and to prevent the electrostatic breakdown at



of Fig. 27, and Fig. 32B is a sectional view cut along 20 the line K-K
in Fig. 32A. The scanning signal |ines G. and the counter voltage
signal lines CL are forned on the matrix substrate by using al um num
| ayer gl, and are anodically oxidized to form al um num oxi de ACF on

the signal lines. 25 Then, theggate oxide filmd is formed, and
t he ¢ 87

a—

the time of rubbing the orientation film ORI1.

[Drain terminal DTM]
Figs. 13A and 13B are views illustrating the
5 connection of the video. signal line DL to the external
connection terminal DTM, wherein Fig. 13A is a plan
view and Fig. 13B is a sectional view cut along the
line B-B in Fig. 13A. These drawings correspond to the
ﬁpper porﬁion of Fig. 19. Since the directions of the
10 drawings are changed for convenience, the direction of
left end corresponds to the upper end of the substrate
SUBI.

Symbol TSTd denotes a check terminal to which no
external circuit is connected but which is broadened to
15 be wider than the wiring so that it can be touched by A
probe needle or the like. Similarly, the drain

terminal DTM is broadened to be wider than the wiring

20

25

so that it can be connected
The drain terminalleTM for
circuit are arranged in the
constitute a terminal group
as shéwn in Fig. 10, extend

the substrate SUB1l, and are

to an external circuit.
connection to external
up-and-down direction, -
Td (subscript is omitted)
beyond the cutting line of

all short-circuited by a

wiring SHd (not shown) to prevent the electrostatic

breakdown during the production process.

The check



video signal lines DL are formed by using two | ayers, I.e., chrom um

| ayer dl and al um num | ayer d2. Finally, the protective filmPSV is
formed foll owed by a surface treatnent. 5 In Figs. 30A to 30C
t he connection portions (contact holes CHL) between the counter

vol t age signa

lines CL and the gomon bus line CB are fornmed in the

regi ons between the conmon bus |ine CB™and t he vi deo signal- I'ines DL.
Not [imted only thereto, however, 10 the contact holes CHL nay be forned

in the regions on

the side opposite to the video signal lines DL with

10

15

terminal TSTd is formed on every other video signal
lines DL as shown in Figs. 13A and 13B.

The drain connection terminal DTM is formed by a
single transparent conductive layer g2 and is connected
to the video signal line DL at a portion where the gate
insulative film GI is removed. The semiconductor layer
AS formed on the end of the gate insulative film GI
serves to etch the edge of the gate insulative film GI
in a tapered form. On the terminal DTM, the proteqtive
film PSV has been removed as a matter of coﬁrse so that
connection to the external circuit can be made.

The lead-out wiring from the matrix unit to the
drain terminal DTM has layers dl, d2 of the same level
as that of the video signal line DL, that are
constituted in the protective f£ilm PSV and are

connected to the transparent conductive film g2 in the

protective film PSV. The reason is that it is.

20

25

necessary to protect the aluminum layer d2 that easily
undergo electrolytic corrosion, as much as possible
using the protective film PSV and the sealing pattern

SL.

[Counter electrode terminal CTM]
Figs. 14A and 14B are views illustrating the

connection from the counter electrode signal line CL to



respect to the common bus line CB as shown in Figs. 33A

to 33C

Figs. 33A is a plan view of another exanple of 15 connection of the

counter voltage signal lines CL and the common bus

line CB at point A

on the matrix substrate of Fig. 27, Fig. 33B is a sectional view cut

along the line QQ in Fig. 33A and Fiig. 33Cis a

sectional "vi ew cut

along the line RR in Fig. 33A 20 — At point A shown in Fig. 27,
t he scanni ng si gnal lines GL and the counter voltage signal lines CL
are formed on the matrix substrate using the alum num | ayer al,

and are anodically oxidized to form al um num oxi de

the external connection terminal CTM, wherein Fig. 14A

is a plan view and Fig. 14B is a sectional view cut

along the line B-B of Fig. 14A. These drawings

correspond to the left upper portion of Fig. 19..

5 The counter voltage signal lines CL are collected

together by the common bus line CB and are led out to

the counter electrode terminals CTM. The common bus

line CB has a structure in which the conductive layer

dl and the conductive layer d2 are formed on the

10 conductive layer gl. The reason is that the resistance

of the common bus line CB is decreased so that the

counter voltage is sufficiently fed to the counter

voltage signal lines CL from the external circuit.

Accordingly, the counter voltage is sufficiently

15 transmitted even to the terminal pixels, making it.

possible to reduce the occurrence of crosstalk

(particularly, crosstalk in the right-and-left

direction on the screen) caused by distortion of the

" voltage of the counter electrodes CT in response to the

20 video signals fed to the video signal lines DL. This

structure has a feature that the resistance of the

common bus line is decreased without additionally

providing conductive layers. The conductive layer gl

of the common bus line CB is not anodized so that it

25 can be electrically connected to the conductive layer



ACF on the signal lines. By using a resist inthis 25 case, it is
i ntended not to formthe al um num oxi de ACF

88 at the ends of the counter voltage signal lines CL. Next ,
the gate oxide filmd@ is formed. At this nonent, contact holes CHL
are formed in the ends of the 72 '

dl and to the conductive layer d2. Besides, the
conductive layer gl is exposed through the gate
insulative film GI.

The counter electrode terminal CTM has a

5 structure in which the transparent conductive layer g2
is formed on the conductive layer gl. The surface is
protected by the transparent conductive layer g2, and
the conductive layer gl is covered with the transparent
conductive layer g2 having a good durability in order

10 to prevent electrolytic corrosion.

In the above-mentioned embodiment, the conductive
layer dl and the conductive layer d2 are formed on the
common bus line CB. The invention, however, is in no
way limited to these conductive layers only. Even in

15 this case, it is possible to decrease the resistance of

the common bus line CB.

[Method of fabrication]
A method of fabricating the substrate SUBl1 of the
20 above-mentioned liquid crystal display device will now
be described with reference to Figs. 15 to 17. 1In
these'drawings, characters at the center represent
abbreviations of the names of the steps, wherein the
left side represents the portion of the thin-film

25 transistor shown in Fig. 8, and the right side



counter voltage signal lines CL. Next, the video 5 signal lines DL and the
common bus line CB are simul taneously fornmed by using two | ayers,
i.e., chrom um | ayer dl and al umi num | ayer d2. . The conmon
bus line CB is forned even on the ends of the counter voltage signal
lines CL, and the common 10 bus line ,CB and the counter voltage signal
lines CL are electrically connectEﬂLtogether t hrough the contact
holes CHL forned in the ends of the counter voltage signal lines CL.
Finally, the protective filmPSV is formed foll owed by a surface
treatnment. 15 In the enbodi ment shown in Figs. 33A to 33C, the

illustrates the flow of process near the gate terminal
shown in cross sections of Figs. 12A and 12B. Except
steps B and D, steps A to I are divided according to
the photographic treatment. The sectional view of each
5 step represents a stage after the photographic
treatment is finished and the photoresist is removed.
The photographic treatment in this embodiment means a
series of operations from the application of the
photoresist to the developing thereof through selective
10 exposure by using a mask. The treatment will now be

described for each of the sectionalized steps.

Step A, Fig. 15.
A conductive film gl made of Al-Pd, Al-Si, Al-Ta,
15 Al-Ti-Ta or thé like having a thickness of 3000 & is
formed by sputtering on the lower transparent glass
substrate SUBL made of the AN635 glass (trade name).
After the photographic treatment, the conductive film
gl is selectively etched by using a mixed acid solution
20 of phosphoric acid, nitric acid and glacial acetic-
acid. There are thus formed gate electrodes GT,
scanning signal lines GL, counter electrodes CT,
counter voltage signal lines CL, electrodes PLl, gate
terminals GTM, a first conductive layer of common bus

25 line CB, a first conductive layer of counter electrode



al um num oxi de AOF is fornmed on the portions where the
vol tage signal lines CL intersect the comon bus
In general, furthernore, the al um num oxi de ACF 20

count er
| i ne CB.
is forned even on the

scanning signal lines G and, hence, it is necessary to forma
contact hole CHL even in the portions where the scanning signal |ines
G are connected to the gate drivE unit 104. By using a

resist, furthernore, it is intended 25 not to formthe al um num oxi de
ACF on the portions '

10

15

20

25

terminals CTM, an anodically oxidized bus line SHg (ﬁot
shown) for connecting the gate terminals GIM, and
anodically oxidized pads (not shown) connected to the

anodically oxidized bus line SHg.

Step B, Fig. 15.

After the anodically oxidized mask A0 is formed

'by direct drawing, the substrate SUBI is dipped in an

anodically oxidizing solution which is obtained by
diluting a solution coneaining 3% of tartaric acid of
which the pH value is adjusted with ammonia to 6.25 %
0.05, with an ethylene glycol solution into 1:9, and
the anodizing current density is adjusted to 0.5 mA/cm?
(constant-current anodization). The anodic oxidation
is carried out until an anodizing wvoltage of 125 V is
feached, which is necessary for obtaining an Al,;0; film
having a predetermined thickness. Desirably, this
state is then held for several tens of minutes
(constant-voltage anodization). This is iﬁportant in
view of forming a uniform Aqqog film. Thus, the
conductive film gl is anodically oxidized, and
anodieally oxidized film AOF having a thickness of 1800
A is formed on the gate electrodes GT, scanning signal
lines GL, counter electrodes CT, counter voltage signal

lines CL and electrodes PLl.



89 where the cont act hoIesICHL are to be forned. In the

enbodi nent shown in Figs. 30A to 30C, in this case, it is necessary to
precisely formthe resi st for form ng contact holes CHL through which
the counter 5 voltage signal |lines CL and the common bus Iine CB are
connect ed toget her. In the enbodi ment of Fig. 33, however, a
resi st Is fornmed on the peripher%son the matrix substrate on

Step C, Fig. 15.
The transparent conductive film g2 of the ITO
film having a thickness of 1400 A is formed by
5 sputtering. After the photographic treatment, the
transparent conductive film g2 is etched with a mixed
acid solution of hydrochloric acid and nitric acid as
an etching solution, in order to form the uppermost
layer of the gate terminal GTM, and second conductive
10 layers of the drain terminal DTM and the counter

electrode terminal CTM.

Step D, Fig. 16.
Ammonia gas, silane gas and nitrogen gas are
15 introduced into a plasma CVD apparatus to form a
silicon nitride film.having a thickness of 2200 A.
Then, silane gas and hydrogen gas are introduced into
the piasma-CVD apparatus to form an i-type amorphous
silicon film having a thickness of 2000 &. Thereafter,
20 hydrogen gas and phosphine gas are introduced into the
plasma CVD apparatus to form an N(+)-type amorphous

silicon film having a thickness of 300 A.

Step E, Fig. 16.

25 After the photographic treatment, the N{+)-type



t he side opposite to the video signal'lines DL with 10 respect to the

common bus line CB, in order to form contact holes CHL for connecting
t he counter voltage signal lines CL to the conmon bus |ine CB and
cont act hol es CHL for connecting the scanning signal lines G

to the gate driver unit 104. Besides, when the resist 15 is directly
drawn, the precision can be nade | oose As descri bed above, the

comon bus line CBis f or med alogglfhe edge of the panel using the
sane materials and through the same production steps as t hose
of the scanning signal lines G. and the video 20 signal lines DL. The

common bus line CB is further
amorphous silicon film and i-type amorphous silicon

film are selectively etched by using SFg and CCl, as
dry etching gases, in order to form islands of the

i-type semiconductor layer AS.

Step F, Fig. 16. |
After the.photographic treatment, the silicon
nitride film is selectively etched by using SFs as a
dry etching gas.
10 Step G, Fig. 17.
The conductive film dl made of chromium and
having a thickness of 600 A is formed by sputtering,
.and the conductive film d2 made of Al-Pd, Al-si, Al-Ta,
Al-Ti-Ta or the like having a thickness of 4000 A is
15 formed by sputtering. After the photographic
treatment, the conductive film d2 is etched using the
same soiution as.the one used in step A and the
conductive film dl is etched using a ceric ammonium
nitrate'solution,,in order to form video signal lines
20 DL, source electrodes Sbl, drain electrodes SD2, pixel
electrodes PX, electrodes PL2, second and third
conduétive layers of common bus line CB, and bus line
SHd (not shown) for short-circuiting the drain
terminals DTM. Next, CCl; and SFs gases are introduced

25 into the dry etching device in orde;'to etch the



connected to both ends of the counter voltage signal | i nes CL.
Figs. 34 and 35 are diagrans illustrating further arrangenent s of
common bus line CB of the 25 enbodi nent . ’

90
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15

20

25

N(+)~-type amorphous silicon film and, hence, to
selectively remove the N(+)-type semiconductor layer do0

between the source and the drain.

Step H, Fig. 17.

Ammonia gas, silane gas and nitrogen gas are
introduced into the plaéma CVD apparatus to provide a
silicon nitride film having a thickness of 1 uym. After
the photographic treatment, the silicon nitride film is
selectively etched by a photoengraving technology by
using SFg¢ as a dry etching gas, in order to form the

protective film PSV.

[Equivalent circuit of the whole display device]

Fig. 19 is a diégram of connection of an

equivalent circuit of the display matrix unit and of

the peripheral circuits thereof. This circuit diagram
is so drawn as to correspond to the practical
geometrical arrangement, wherein AR denotes a matrix
array in which a plurality of pixels are arranged in a
two-dimensional configuration.

in the drawing, symbol X represents video signal
lines DL, and subscripts G, B and R are added to Qreen,

blue and red pixels, respectively. Symbol Y denotes

.scanning signal lines GL, and subscripts 1, 2, 3, ---,

-t he



The common bus |ine CB need not be extended al ong all of the edges of

the panel that is shown in Fig. 27. As shown in Fig. 34, the common
bus line CB may be ext ended avoi ding the region where the video signal
5 lines DL are connected to the drain driver unit 102. Thi s
makes it possible to decrease parasitic capaci tance produced at
portions where the video signal lines DL intersect the comon bus |ine
CB. As shown in Fig. 35, fglihernnre t he common bus 10 l'ine
CB may be divided into a plurality of conmon bus | i nes CBA, CBB which
are extended fromthe panel and are connected together in the driver

unit provided in
end are added in the order of scanning timings.

The scanning signal lines Y (subscript is
omitted) are connected to a vertical scanning circuit
V, and the video signal lines X (subscript is omitted)

5 are connected to a video signal driver unit H.

SUP denotes a circuit inclusive of a power-source
circuit. for producing a plurality of voltages that are
produced by dividing the voltage of a voltage source
and stabilized, and a circuit for converting the

10 information for CRT (cathode-ray tube) from a host
(higher order arithmetic unit) into information for TFT

liquid crystal display device.

[Driving method]

15 Fig. 20 illustrates waveforms for driving the
liquid crystal display device of the present invention.
The counter voltage has an AC rectangular waveform and
has two values, i.e., Vch and Vcl. In synchronism
therewith, the non-selection voltage of the scanning

20 signals Vg(i-1) and vg(i) is chahged into two values,
i.e., Vglh and vgll for every scanning period. The
amplifude of the counter voltage is set to be equal to.
the amplitude of the non-selection voltage. The video
signal voltage has a value which is the remainder

25 obtained by subtracting one-half the amplitude of the



the periphery. This nmakes it possible to decrease the | ength of the

common bus line CB inside the panel. 15 [ Thi ckness adjustnent film
AD : A liquid crystal display device of a fourth " enbodi nment
whi ch uses a thickness adjustnment film AD as a constituent el enent

wi |l be described below 20 Fig. 36Ais a plan view of a portion
where the counter voltage signal line CL at a point corresponding

to point Aon the matrix substrate of HY. 27 is connected to the
comon bus line CB in the liquid crystal display device of enbodi nent

3. Fig. 36Bis a
counter voltage from a voltage that is to be applied to
the liquid crystal layer.
The counter voltage may be a bC voltage. By

employing an AC voltage, however, it is possible to

5 .lower the maximum amplitude of the video signal voltage
and, hence, to employ a video signal driver unit
(signal .side driver) having a decreased breakdown

voltage.

10 [Operation of storage capacitor Cstg]

The storage capacitor Cstg is provided'in order
to store video data written into a pixel (after the
thin-film transistor TFT is turned off) for a extended
period of time. _Accdrding to the system in which the

15 electric field is applied in parallel with the surface

| of the substrate employed by the present invention
unlike the system in which the electric field is
applied vertically to the surface of the substrate,
there exists almost no capacitance (so-called liquid

20 crystal capaciténce) that is created by the pixel
electrode and the counter electrode. .Namely, the
liquid crystal capacitance is incapablé of storing
video data in the pixel. In the system in which the
electric field is applied in parallel with the surface

25 of the substrate, therefore, the storage capacitor Cstg



25 sectional view cut along the line MM in Fig. 36A, and

91 Fig. 36Cis a sectional view cut along the line NN in
Fig. 36A ' At a point corresponding to point A of Fig. 27,
as shown in Fig. 36A, the scanning signal lines GL and 5 the counter
voltage signal lines CL are forned on the

80 -

—

is an essential constituent element.
When the thin-film transistor TFT undergoes the
switching operétion, furthermore, the storage capacitor
Cstg serves to lower the effect of a_change AVg in the
5 gate potential upon the pixel electrode pofential Vs.
This is expressed by £he following formula,
AVs = {Cgs/(Cgs + Cstg + Cpix)} x AVg
where Cgs is the parasitic capacitance formed between
the gate electrode GT and the source electrode SD1 of
10 the thin-film transistor, Cpix is the capacitance
formed between the pixel electrode PX and the counter
electrode CT, and AVs is the change in the pixel
electrode potential caused by AVg, i.e., is the feed-
through voltage. This change AVs is a cause of the DC
15 component applied to the liquid crjstal LC, but can be
decreased with an increase in the storage capacity
Cstg. A decrease in the DC component applied to the
1iquid crystals ILC leads to a long life of the liquid
crystals IC and reduces the so;called printing image in
20  which the preceding picture remains when the picture on
the liquid crystal display screen is changed.
As described earlier, since the size of the gate
electrode GT is increased so as to completely cover the
i-type semiconductor layer AS, the area where the gate

25 electrode GT and the source electrode SD1 overlap one



matri x substrate using the alum num | ayer gl and, at the sane tine, a

t hi ckness adjustnent filmAD s formed. The thickness adjustnent film
AD is formed in the formof islands at |east anobng the scanning

signal 10 lines G, but are not electrically connected to the

scanning signal lines G.. Then, by using the sane - material as that of
the video signal lines DL, the copmon bus line CBis forned to pass

at | east over the t hi ckness adj jLnbnt filmAD. 15 . Figs. 37A
is aplan viewillustrating the : connection of the counter voltage
signal lines CL and t he common bus |ine CB at a point correspondi ng
to

upon the other is accprdingiy increased and, hence, the
parasitic capacitance Cgs is increased, giving an
adverse effect fhat the pixel electrode potential Vs is
easily affected by the gate (scanning) signal vg.

5 However, the provision of the storage capacitor Cstg

eliminates this demerit.

[Method of connecting céunter voltage signal lines CL
to common bus line CB] |
10 Fig. 27 is a block diagram schematically
illustrating the constitution of the liquid crystal
display device of a third embodiment according to thé
present invention. |
The liquid crystal display device of this
15 embodiment is composed of a matrix substrate SUBl in
| which the pixels 120 are arranged in the form of a
matrix, a counter substrate SUB2, a timing controller
100, a drain driver unit 102, a gate driver unit 104, a
common voltage generator and driver unit 103, and
20  liquid crystals (not shown) sealed between the matrix
. substrate SUBl1 and the counter substrate SUB2.
6n the matrix substrate SUBl are arranged the
video signal lines DL for feeding a drive voltage |
necessary for driving the pixels 120 and the scanning

25 signal lines GL. The video signal lines DL and the



point B on the matrix substrate of Fig. 27 in the liquid crystal
di.spl ay device of enbodinent 4. Fig. 20 37B is a sectional view cut

along the line 0-0" in Fig. 37A. At a point corresponding to point B
of Fig. 27, as shown in Fig. 37A, the scanning signal lines G,
counter voltage signal lines CL and common bus |ine CB are

si mul t aneously forned on the matrix sqﬁftrate by 25 usi ng the al um num
| ayer gl and, then, the video signal -

scanning signal lines GL are perpendicular to each

other and surround the pixels 120, the video signal

lines DL being connected to the drain driver unit 102

and the scanning signal lines GL being connected to the
5 gate driver unit 104. /

The counter voltage signal lines CL connected to
the counter electrodes CT in the pixels 120 are
arranged in parallel with the scanning signal lines GL. -
The counter voltage signal lines CL are further

10 connected at their both ends to the common voltage
generator and driver unit 103 wvia the common bus.line
CB.

The gate driver unit 104 and the drain driver

unit 102 are"connected to thg timing controller 100.

15' The timing éontroller-loo receives video signals and

| timing sigﬁais from'the'externai host 101, and the
drain driver.unit 102 generates a drive voltaée
corresponding to the video signal and feeds it to the
video signal lines DL in response to a timing signal.

.20 : The gate driver unit 104 receives timing signals
fed from the timing controiler 100, generates a gate
drive.voltage corfesponding to the video signal, and
feeds it to the scanning signal lines GL in response to
a timing signal.

25 As a result, the drain voltage corresponding to



92 lines DL and thickness adjustnent filmAD are forned Vi a

the gate oxide film AOF. The thickness adj ust nent filmAD is formed
on the common bus |ine CB. Figs. 38Ais a plan view illustrating
t he 5 i ntersection of the video signal |line DL and the common bus
line CB at a point corresponding to point C of the matri x substrate
of Fig. 27 in the liquid crystal di spl ay device of enbodi nent 4. Fig.
38Bis a sectional view cut aloqgijhe line P-P" in Fig. 38A. At

the video signal is successively applied to the pixels
120 in the matrix substrate SUBl.
In this embodiment, the counter voltage signal
lines CL are connected at their both ends to the common
5 bus line CB. Here, the common bus line CB is formed on
thé non-display region of the matrix substrate and is
allowed to have an increased width. Therefore, the
resistance of the common bus line CB can be set to be
smaller than the resistance of the counter voltage
10 signal lines CL.

Fig. 28 is a diagram illustrating an equivalent
circuit of a passage for transmitting the drive voltage
applied to the counter electrodes CT in the liquid
crystal display device of this embodiment, and Fig. 29

15 is a diagram showing waveforms of the drive voltage at
the respective points of Fig. 28.

Since the resistance 59 of the common bus line CB
is smaller than the resistance 58 of the counter
voltage signal lines CL, the waveforms of the drive

. 20 voltage fed from the common voltage driver unit 60 to
the points D, E, F and G in Fig. 28 become a counter
voltaée 62 at point D, a counter voltage 63 at point E,
a counter voltage 64 at point F and a counter voltage
65 at point G, respectively, as shown in Fig. 29.

25 As will be understood from Fig. 29, this



10 a point corresponding to point C of Fig. 27, as shown

38A, the scanning signal lines G.L and counter vol t age si gnal

are formed on the matri x
and the video
15 formed on the gate oxide filmdQd.

in Fig.

lines CL

substrate by using the alum num | ayer gl,
signal lines DL and thickness adjustnment filmAD are
' The thi ckness adj ust nment

filmAD is forned in the form of 4,sl ands at | east anpbng the video

signal I|ines

DL but are not electrically connected to the video

signal lines BL. The thickness adjustment filmADis 20 also forned on

the common bus line CB. Wth the
the portion

i nserted,
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embodiment makes it possible to reduce distortion in
the waveform of the drive voltage fed to the counter
electrodes CT from the common voltage driver unit 60 of
the common voltage generator driver unit 103.

Therefore, the intensity of the electric field
between the pixel electrode PX and the counter
electrode CT becomes nearly uniform in the pixels 120,
making it possible to decrease variation in the
brightness along the counter voltage signal lines CI.

Even when the counter voltage signal line CL is
broken at a portion, the drive voltage is supplied to
the counter eiectrode CT from both ends of the counter
voltage signal line CL, preventing the display quality
from being impaired, unlike the prior art, when the
drive voltage is no longer supplied to the counter
electrode CT of the pixels 120 after the broken portion
and when the liquid crystals are no longer driven.

Fig. 30a is a plan view illustrating the
connection of the counter voltage signal line CL and
the common bus line CB.at point A on the matrix
substrate of Fig. 27. Fig. 30B is a sectional view cut
along‘the line I-I' in'Fig. 30A, and Fig. 30C is a
sectional view cut along the line H-H' in Fig. 30A.

At point A shown in Fig. 27, the scanning signal

line GL and the counter voltage signal line CL are

t hi ckness adjustnent film AD



where the common bus line CB is forned possesses the sanme sectional

structure and the sane thickness. This makes it possible to
uni formal i ze the thickness of the 25 comon bus line CB fornmed al ong the
edge of the | 93 substrat e,
to decrease variation in the thickness of ° the edges of the substrate,
to maintain constant the 85

—

formed on the matrix substrate by using aluminuh layer
gl and are anodically oxidized so as to form aluminum
oxide AOF on the signal lines. By using a resist in
this case, it is intended not to form aluminum oxide

5 AOF at the ends of the counter voltage signal lines CL.
Next, a gate oxide film GI is formed. At this moment,
a contact hole CHL is formed in the ends of the counter
voltage signal lines CL. Then, by using a chromium
layer dl and an aluminum layer d2, the video signal

10 line DL and the common bus line CB are formed
simultaneously. The common bus line CB is formed even
on the ends of the counter voltage signal lines CL, and
the common bus line CB and the counter voltage signal
lines CL are electrically connected together through

15 contact holes CHL at the ends of the counter voltage
signal lines CL. Finally, the protective film PSV is
formed followed by a surface treatment.

Figs. 31A is a plan view‘illustrating the

connectién of the counter voltage signal lines CL and

20 | the common bus line CB at point B on the matrix
substrate of Fig. 27, and Fig. 31B is a sectional view
cut aiong the line J-J' of Fig. 31A.

The scanning signal lines GL, counter voltage

signal lines CL and common bus line CB are

25 simultaneously formed on the matrix substrate by using



gap length between the two substrates and, hence, to decr ease
variation in the gap length of the liquid 5 crystal display device.

Fig. 39 is a diagramillustrating anot her arrangenent of the conmon
bus of enbodi nent 4. In form ng the conmon bus |ine CB along the
edges of the panel, dummy signal |ines DW nmay be forned 10 using
the sanme material and nmaintaining the sa t hi ckness as those of the
common bus line CB in the regi ons gﬁbre no common bus line CBis
arranged, as - shown in Fig. 39, in order to decrease variation in the
t hi ckness al ong the edges of the panel.

aluminum gl, and are anodically oxidized to form
aluminum oxide AOF on the signal lines. Furthermore, a
éaﬁe oxide film GI is formed thereon. By using a
resist in this case, it is intended not to form

5 aluminum oxide AOF and gate oxide film GI at the ends
of the counter voltage signal lines CL and on the
common bus line CB. Next, the video signal lines DL
are formed by using two layers, i.e,, chromium layer dl
and aluminum layer d2. At the same time, the chromium

10 layer d1 and the aluminum layer d2 are formed even on
the common bus line CB. Thus, the common bushline CB
is constituted by the aluminum layer gl, chromium layer
dl and aluminum layer.dz and possesses a small
.resistance. Finally, the protective film PSV is formed

15 foliowed by a surface treatment.

Fig. 32A is a plan view illustrating the
intersection of the video signal lines DL and the
‘common bus line CB at point C on the.matrix substrate 8
of Fig. 27, and Fig. 32B is a sectional view cut along

20 the line K-K' in Fig. 32A. The scanning signal lines
GL and the counter voltage signal lines CL are formed
on thé matrix substrate by using aluminum layer gl, and
are anodically oxidized to form aluminum oxide AOF on
the signal lines.

25 Then, the gate oxide film GI is formed, and the



15 [ Di splay panel PNL and drive circuit substrate PCB1]

Fig. 21 is atop viewillustrating a state where : a video signa
(drain) driver unit H and a vertical scanning (gate driver) unit V
are connected to the 20 display panel PNL shown in Fig. 10.

Synmbol CHI denotes driver |1C chips (the | ower five are driver IC
chips on the side of the vertical scanning circuit, and the left ten
are driver 1C chips on the sidefﬁi t he video signal driver circuit)

for 25 driving the display panel PNL. Synbol TCP denotes tape

video signal lines DL are formed by using two layers,
i.e., chromium layer dl and aluminum layer d2.
Finally, the protective film PSV is formed followed by
a surface treatment.
5 | In Figs. 30A to 30C, the connection portions
(contact holes CHL) between the counter voltage signal
 lines CL and the common bus line CB are formed in the
regions between the common bus line CB and the video
signal lines DL. Not limited only thereto, however,
10 the contact holes éHL ﬁay be formed in the regions on
the side opposite to the video signal lines DL with
respect to the common bus line CB as shown in Figs. 33A
to 33C.
Figs. 33A is a plan view of another example of
15 connection of the counter voltage signal lines CL and
the common bus line CB at point A on the matrix
substrate of Fig. 2?, Fig. 33B is a sectional view cut
along the line Q-Q' in Fig. 333, and Fig. 33C is a
sectional view cut along the line R-R' in Fig. 33A.
-20 . At point A shown in Fig. 27, the scanning signal
lines GL and the counter voltage signal lines CL are
formed on the matrix.substrate using the aluminum layer
gl, and are anodically oxidized.to form aluminum oxide
AOF on the signal lines. By using a resist in this

25 case, it is intended not to form the aluminum oxide AOF
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t ape- aut omat ed- bondi ng net hod (TAB), and PCB1 denotes a driver
substrate on which TCPs and
into two for

driver

carrier packages in which driver 1C chips are nounted

unit.

10

15

20

by a
circuit

capacitors are nmounted, which is divided

5 the video signal driver unit and the scanning signal

Synbol FGP denotes a frame ground pad to
88

om—

at the ends of the counter voltage signal lines CL.
Next, the gate oxide film GI is formed. At this
moment, contact holes CHL are formed in the ends of the
counter voltage signal lines CL.. Next, the video
signal lines DL and the common bus line CB are
simultaneously formed by using two layers, i.e.,
chromium -layer d1 and aluminum layer d2.

The common bus line CB is formed even on the ends
of the counter vbltage signal lines CL, and the common
bus line CB and the counter voltage signal lines CL are
electrically connected together through the contact |
holes CHL formed in the ends of the counter voltage
signal lines CL. Finally, the protective film PSV is
formed followed by a surface treatment.

In the embodiment shown in Figs. 33A to 33C, the
aluminum oxide AOF is formed on the portions where the
counter voltage signal lines CL intersect the common
bus line CB.

Iﬁ general, furthermore, the aluminum oxide AOF
is formed even on the scanning signal lines GL and,-
hence, it is necessary to form a contact hole CHL even

in the portions where the scanning signal lines GL are

" connected to the gate driver unit 104.

25

By using a resist, furthermore, it is intended

not to form the aluminum oxide AOF on the portions



whi ch are sol dered spring-like pieces formed by cutting a shiel ding

case SHD, and FC denotes a flat cable for electrically connecting the
| ower driver circuit 10 substrate PCB1L and the left driver circuit
substrate PCB1 together. The flat cable FC has, as shown, a
plurality of |lead wires (phosphor-bronze wires plated with tin) that
are supported and sandw ched by a pol yet hyl ene | ayer and a pol yvi nyl
al cohol layer of a 15 striped shape8? [ Structure for connecting
TCP] - Fig. 22 is a diagramiTTustrating, in cross '

where the contact holes CHL are to be formed.

In the embodiment shown in Figs. 30A to 30C, in
this case, it is necessary to precisely form the resist
for forming contact holes CHL through which the counter

5 voltage signal lines CL and the common bus line CB are
connected together. _

In the embodiment of Fig. 33, however, a resist
is formed on the periphery on the matrix substrate on
the side opposite to the video signal lines DL with

10 respect to the common bus line CB, in order to form
contact holes CHL for connecting the counter voltage
signal lines CL to the common bus line CB and contact
holes CHIL for cdnnecting the scanning signal lines GL
to the gate driver unit 104. Beéides, when the resisf

15 is directlf drawn, the precision can be made loose.

As described above, the common bus line CB is
formed along the edge of the panel using the same

" materials and through the same production steps as
those of the scanning signal lines GL and the video

20 signal lines DL. The common bus-line CB is further
connected to both ends of the counter voltage sighal
1ines.CL.

Figs. 34 and 35 are diagrams illustrating furtﬁer
arrangements of the common bus line CB of'the

25 embodiment.



section, the structure of a tape carrier package TCP in 20 which an

integrated circuit chip CH is nounted on a flexible wiring substrate
to constitute the scanning signal driver unit V and the video signal
driver unit H, and Fig. 23 is a sectional viewillustrating

essential portions in a state where the tape carrier 25 package TCP is
connected to a termnal GIMfor a sigqﬁg
95 '

p—

The common bus line CB need not be extended along
all of the edgés of the panel that is shown in Fig. 27.
As shown in Fig. 34, the common bus line CB may be
extended avoiding the region where the video signal
5 1lines DL are connected to the drain driver unit 102.
This makes it pd§sib1e to decrease parasitic
capacitance produced at portions where the video signal .
lineé DL intersect the common bus line CB.
As shown in Fig. 35, furthermore, the common bus
10 line CB hay be divided into a plurality of common bus
lines CBA, CBB which are extended from the panel and
are connected together in the driver unit provided in
. the beriphéry. .This makes it possible to decrease the

iength of the common bus line CB inside the panel.

15 S
[Thickness adjustment film AD]
A liquid crystal display device of a fourth
embodiment which uses a thickness Adjustment film AD as
a constituent element will be described below.
20 ~ Fig. 36A is a plan view of a portion where the

counter voltage signal line CL at a point corresponding
to point A on the matrix substrate of Fig. 27 is
connected to the common bus line CB in the liquid
crystal display device of embodiment 3. Fig. 36B is a

25 sectional view cut along the line M-M' in Fig. 36A, and



circuit

in the liquid crystal display panel PNL
synbol TTB denotes an i nput
circuit CH, and

integrated circuit CH, which are made of, for exanple, copper.

their ends (usually called inner |eads) on
bondi ng pads PAD of the
f acedown bondi ng

10 outer sides of the terninals TTB and TTM correspond to
I nputs and out puts of the sem conductor integrated

10

15

20

25

Fig. 36C is a sectional view cut along the line N-N' in
Fig. 36A.

At a point corresponding to point A of Fig. 27,
as shown in Fig.'36A, the scanning signal lines GL and
the counter voltage signal lines CL are formed on the
matrix substrate using the aluminum layer gl and, at
the same time, a thickness adjustment f£ilm AD is
formed. The thickness adjustment film AD is formed in
thelform of islands at least among the scanning signal
lines GL, but are not electrically connected to the

scanning signal lines GL. Then, by using the same

‘material as that of the video signal lines DL, the

common bus line CB is formed to pass at least over the

thickness adjustment film AD.

Figs. 37A is a plan view illustrating the
connection of the counter voltage signal lines CL and -
the common bus line CB at a point correspdnding to
point B on the matrix substrate of Fig. 27 in the
1iquidlcrysta1 display device of embodiment 4. Fig.
37B is a sectional view cut along the line 0-0' in Fig.
37A. At a point corresponding to point ﬁ of fig..27,
as shéwn in Fig. 37A, the séanniﬂg Signal lines GL,
counter voltage signal lines CL and comhon bus line CB
are simultaneously formed on the matrix substrate by

using the aluminum layer gl and, then, the video signal

t he

To

t he inside are connected
Integrated circuit CH by a so-called
met hod. The en@3 (usually called outer |eads) on the -

In the draw ng,
termnal/wiring unit of the integrated
TTM denotes an output termnal/wiring unit of the

5



circuit chip CH, and are connected by soldering to a CRT/ TFT

converter circuit/power source circuit SUP, and are further connected
by ani sotropic conductive film 15 ACF to the liquid crystal display panel
PNL. The package TCP is connected to the panel in a manner that

the ends thereof covers the protective film PSV through whi ch are
exposed the connection termnals GIM on the side of the panel PNL.
Therefore, the external 20 connectﬁﬁh termnals GTM DTM are covered by
ei ther the : protective filmPVSL or the package TCP, and are strong
agai nst el ectrolytic corrosion. Synbol BF1 denotes a base film

made of polyimde :
lines DL and thickness adjustment film AD are formed

via the gate oxide film AOF. The thickness adjustment
film AD is formed on the common bus line CB.
Figs. 38A is a plan view illustrating the
5 intersection of the video signal line DL and the common
bus line CB at a point corresponding to point C of the
matrix substrate of Fig. 27 in the liquid crystal
display device of embodiment 4. Fig. 38B is a
sectional view cut along the line P-P' in Fig. 38A. At
10 a point corresponding to point C-of Fig. 27, as shown
in Fig. 38A, the scanning signal lines GL and counter
vbltage signal lines CL are formed on the matrix
‘'substrate by using the aluminum layer gl, and the video
signal lines DL and thickness adjustment fiim AD are
‘15 formed on the gate oxide film GI.
The thickness adjustment film AD is formed in the
form of iélands at least among the video signal lines
DL but are not electrically connected to the video
signal lines DL. The thickness adjustment film AD is
20 also formed on the common bus line CB. With the
thickness adjustment film AD inserted, the portion
where.the common.bus line CB is formed possesses the
same sectional structure and the same thickness. This
makes it possible to uniformalize the thickness of the

25 common bus line CB formed along the edge of the



or the like, and SRS denotes a solder resist filmfor 25 maski ng so fhat
the solder nay not be applied to

96 undesi red portions during.fhe sol dering. The gap “bet ween t he
upper and | ower gl ass substrates on the outer side of the sealing
pattern SL is protected,

93
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substrate, to decrease variation in the thickness of
the edges of the substrate, to maintain constant the
gap length between the two substrates and, hence, to
decrease variation in the gap length of the liquid

5 crystal display device.

Fig. 39 is a diagram illustrating another
arrangement of the common bus of embodiment 4.

In forming the common bus line CB along the edges
of the panel, dummy signal lines DMY may be formed

10 using the same material and maintaining the same
thickness as those of the common bus line CB in the
regions where no common bus line CB is arranged, as
‘shown in Fig. 39, in order to decrease variation in the
thickness along the edges of the panel.

15 . _ |
[Display panel PNL and drive circuit substrate PCBl]

Fig. 21 is a top view illustrating a state where
a video signal (drain) driver unit H and a vertical
scanning (gate driver) uni£ V are connected to the

20 display panel PNL shown in Fig. 10.

Symbol CHI denotes driver IC chips (the lower
five ére driver IC chips on the side of the vertical
scanning circuit, and the left ten are driver IC chips
on the side of the video signal driver circuit) for

25 driving the display panel PNL. Symbol TCP denotes tape



after washing, by an epoxy resin EPX and the like. The 5 gap between the

package TCP and the upper substrate SUB2 is filled wwth a silicone
resin SIL to provide mul ti pl e protection. [Driver unit
substrate PCB2] 10 On the driver unit substrate PCB2 are nounted

el ectronic parts such as I Cs, capacitors and resistors. ‘On the driver
unit substrate PCB2 are nounted a circuit SUP i ncl usive of a power
source circuit for producing a pP4irality of stable voltages by

dividing a voltage from 15 a voltage source and a circuit that converts
t he data

carrier packages in which driver IC chips are mounted
by a tape-automated-bonding method (TAB), and PCBl
denotes a driver circuit substrate on which TCPs and
capacitors are mounted, which is divided into two for-

5 the video signal driver unit and the scanning signal
driver unit. Symbol FGP denotes a frame ground pad to
which are soldered spring-like pieces formed by cutting
a shielding case SHD, and FC denotes a flat cable for
electrically connecting the lower driver circuit

10 substrate PCBl1 and the left driver circuit substrate
PCBl1 together. The flat cable FC has, as shown, a
plurality of lead wires (phosphor-bronze wires plated

~ with tin).ﬁhat are supported and sandwiched by a

polyethylene layer and a polyvinyl alcohol layer of a

15 striped shape: - ' ' . -

[Structure for connecting TCP]
Fig. 22 is a diagram'illustrating, in cross

éection, the structure of a tape carrier package TCP in
20 which an integrated éircuit chip CHI is mounted on a

flexible wiring substrate to constitute the scanning

signai driver unit V and the video signal driver unit

H, and Fig. 23 is a sectiocnal view illustrating

essential portions in a state where the tape carrier

25 package TCP is connected to a terminal GTM for a signal



for CRT (cathode-ray tube) fromthe host (higher
into the data for the TFT liquid crystal display device. Synbol
denot es a connect or connection unit, to which is connected a

that 20 is connected to an external unit but that is not

connect or
shown.

The driver unit substrate PCBl1 is connected to

driver unit board PCB2 through the flat cable FC [ Whol e -
constitution of the liquid crystal dtéﬁaay 25  nodul e]

10

15

20

25

circuit in the liquid crystal display panel PNL.

In the drawing, symbol TTB denotes an input
terminal/wiring unit of the integrated circuit CHI, and
TTM denotes an output terminal/wiring unit of the
integrated citcuit CHI, which are made of, for example,
copper. To their ends (usually called inner leads) on
the inside are connected bénding pads PAD of the
integrated circuit CHI by a so-called facedown bonding

method. The ends (usually called outer leads) on the

outer sides of the terminals TTB and TTM correspond to

the inputs and outputs of the sémiconductor integrated
circuit chip CHI, and are connected by sbldering to a
CRT/TFT converter circuit/power source circuit SUP, and
are further connected by anisotropic conductive film
ACF to the liquid crystal display panel PNL. The
package TCP is connected to the panel'in a manner that
the ends thereof covers the protective film ésv through
which are exposed the connection terminals GTM on the
side of the panel PNL. Therefére, the external
connection terminals GTM(DTM) are covered by either the
protective film PVS1l or the package TCP, and are strong
againét électrolytic corrosion.

Symbol BFl denotes a base film made of polyimide
or the like, and SRS denotes a solder resist film for

masking so that the solder may not be applied to

arithnmetic unit)

cl

t he
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the constituent parts of the liquid crystal display nodul e MDL.

Fig. 24 is an expl oded perspective view Il lustrating

Synbol SHD denotes a frame-li ke shielding case 5 (netal frane) nade of a

netal plate, LCWdenotes a di spl ay wi ndow t hereof, PNL denotes the
liquid crystal di spl ay panel, SPB denotes a light diffusion plate,

denotes a |ight conductor, RNIdenotesé% refl ector

10
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20

25
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undesired portions during the soldering.. The gap
between the upper and lower glass substrates on the
outer side of the sealing pattern SL is protected,
afte:'washing, by an epoxy resin EPX and the like. The
gap between the package TCP and the upper substrate
SUB2 is filled with a silicone resin SIL to provide

multiple  protection.

[Driver unit substrate PCB2]
On'the driver unit substrate PCB2 are mounted
electronic parts such as ICs, capacitors and resistors.

On the driver unit substrate PCB2 are mounted a circuit

SUP inclusive of a power source circuit for producing a

plurality of stable véltages by dividing a voltage from
a voltage source and a circui£ that converts the data
for CRT (cathode-ray tube) from the host (higher
arithmetic unit) into the data for the TFT liquid
crystal display device. Symbol CJ denotes a connector
connection unit, to which is connected a connector that
is connected to an external unit but that is not shown.
The driver unit substrate PCBl is connected to

the driver unit board PCB2 through the flat cable FC.

[Whole constitution of the liquid crystal display

module]

LCB



plate, BL denotes a backlight fluorescent tube, and LCA 10 denotes a

backl i ght case, which are stacked vertically as shown to assenble a
nodul e MDL. 1 The whol e nodule MDL iis secured by paw s and

hooks provided in the shielding case SHD. The ‘backl i ght case LCA
contains the backlight 15 fluorescent tube BL, light diffusion plate
SPB, |ight conductor LCB and refd7ect.or plate RM Light emtted
fromthe backlight fluorescent tube Bl_disposed on one side of the

| i ght conductor LCB is rendered backlight which is uniformon the
dizp:ay surface through the 20 | i ght conductor LCB, reflector plate RM
an I ght

Fig. 24 is an exploded perspective view
illustrating the constituent parts of the liquid
crystal display module MDL.

Symbol SHD denotes a frame-like shielding case

5 (metal frame) made of a metal plate;.LCW denotes a
display window ﬁhereof, PNL. denotes the liquid crystal
display.panel, SPB denotes a light diffusion plate, LCB
denotes a 1ight conductor, RM denotes a reflector
plate, BL denotes a backlight fluorescent tube, and ILCA

10 denotes a backlight case, which are stacked vertically
as shown to assemble a module MDL.
The whole module MDL is secured by pawls and
hooks provided in the shielding case SHD.
| The backlight case LCA contains the backlight
15 fluorescent tube BL, light diffusion plate SPB, light
| conductor ILCB and reflector plate RM. Light emitted
from the backlight fluorescent tube BL disposed on one
side of the light conductor LCB is rendered backlight
which is uniform on the display surface through the
| 20 light conductor LCB, reflector plate RM and light
diffusion plate SPB, and is emitted to the side of the
liquia crystal diSplay panel PNL.

To the backlight fluorescent tube BL is connected

an inverter circuit substrate PCB3 which is a power

25 source for the backlight fluorescent tube BL.



l'iquid crystal

di ffusion plate SPB, and is emtted to the side of the
di spl ay panel PNL. To the backlight fluorescent tube BL is
connect ed an inverter circuit substrate PCB3 which is a power 25
source for the backlight fluorescent tube BL
98

98

i

10

15

20

25

As will be obvious from the foregoing
description, the foliowing representative effects are
obtained from the liquid crystal display device of the
present invention.

(1) Rise in the drive voltage is suppressed, and
so-called crosstalk (smear) decreases. There is
therefore provided a liquid crystal display device
which offers a wide angle of view like that of
cathode-ray tubes, operates on a low voltage, consumes

a decreased amount of electric power, and maintains a

good picture quality.

(2) - The width of wiring is broadened without

'deéreasing the opening areas of the pixels that

contribute to the display, the resistance of the wiring
is decreased to improve the picture quality, and the

driver unit consumes a decreased amount of electric

power.

Besides, the number of places or the areas where
the wirings intersect is decreased, the probability of
short-circuiting among the'wiringS'is decreased, and
the parasitic capacitances are decreased among the
wirinés, making it possible to improve the quality of
picture and to decrease the consumption of electric
power by the driver unit.

By utilizing the effect of using the drain



As will be obvious fromthe foregding description, the follow ng

representative effects are obtained fromthe liquid crystal display
devi ce of the present invention. 5 (1) Risein the drive voltage

I S suppressed, and so-call ed crosstal k (snmear) decreases. There is
therefore provided a liquid crystal display device which offers a

w de angle of view |like that of cat hode-ray tubes, operates on a | ow
vol t age, consunes 10 a decreased and¥int of el ectric power, and nmaintains
a good picture quality. (2) The width of wiring is broadened

wi t hout

electrode. SD2 in common, furthermore, it is possible
to increasé the number of thin-film transistors in a
pixel without increasing the areas where the wirings
intersect. By providing a plurality of thin-film

5 transistors for a plurality of pixel electrodes PX,
furthermore, it is possible to obtain normal display
~even vwhen a pixel electrode PX is disconnected at a
portion. Even when one of the thin-film transistors is
defective, normal displéy is obtained by cutting out

10 the defective thin-film transistor.
(3) Both ends of the counter voltage signal lines CL
are connected.to the common bus line CB, and the
resistance of the common bus line CB isnéet to be
smaller than the resistance of the counter voltage

15 signal lines CL. It is therefore made possible to
decrease distortion in the waveform of the voltage for
driving the counter electrodes CT fed from the common
voltage driver unit 52, to nearly uniformalize the
electric field intensity betwéen the pixel electrode

20 and the counter electrode CT in the pixels in the
panel, énd to decrease variation in the brightness that
occuré along the counter voltage signal lines CL{. With
both ends of the counter voltage signal lines CL
connected to the common bus iine CB, furthermore, the

25 common voltage can be supplied to both endé of the



decreasi ng the opening areas of the pixels that contribute to the

di splay, the resistance of the wiring 15 I s decreased to inprove the
picture quality, and the driver unit consunes a decreased anount of
electric power . Besi des, the number of places or the areas
wher e the wirings intersect is decreased, the probability of 20
short-circuiting anong the wrings islgscreased, and the parasitic
capaci tances are decreased anong the ___ wirings, nmaking it possible to

i nprove the quality of pi cture and to decrease the consunption of
electric power by the driver unit.

counter voltage signal lines CL and liquid crystals in
the pixels can be driven even in case any counter
voltage signal line CL is broken disconnected at a
portion. Unlike the prior art, therefbre, it does not
5 happen that liquid crystals in the pixels after the
disconnected portion are not driven, and the quality of
display. is notlimpaired.
(4) The region where the common bus line CB is
arranged has a cross-sectional structure which is the
10 same as the cross-sectional structure of the pbrtions
where the common bus line CB intersects the scanning
signal lines GL or the video signal lines DL. It is
therefore made possible to decrease variation in the
thickness of the edges of the substrate where the
15 common bus line CB is formed and, hence, to make
constant the gap length between the two pieces of
substrates to decrease variation in the gap of the
‘liquid crystal display device.
Though the present invention has been concretely
20 described above by way of embodiments, it should be
noted that the invention is in no way limited to the
above.embodiments only but can be modified in a variety
of ways without departing from the spirit and scope of
the invention. In the above-mentioned embodiments, for

25 instance, amorphous silicon thin-film transistors TFT



25 By utilizing the effect of using the drain

99 el ectrode. SD2 in conmon, furthernore, it is possible to
i ncrease the nunber of thin-filmtransistors in a pi xel w thout
i ncreasing the areas where the wirings intersect. By providing a
plurality of thin-film 5 transistors for a plurality of pixel electrodes
PX,
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are used as active elements. It is, however, also
allowable to use polysilicon thin-film transistors, MOS
transistors on a silicon wafer, or two-terminal
elements such as MIM (metal-intrinsic-metal) diodes.

5 The invention can be further adapted even to a liquid
crystal display device of the reflection type
constituted by a pair of substrates at least one of
which is transparent, a reflection means and a

polarizing means.



furthernore, it is possible to obtain normal display even when a
pi xel el ectrode PX is disconnected at a portion. Even when one of the
thin-filmtransistors is defective, normal display is obtained by
cutting out 10 the defective thin-filmtransistor. (3) Both ends
of the counter voltage signal lines CL are connected to the conmon
bus line CB, and the resi stance_of the common bus line CBis set to
be smal l er than the resistance 2{ he counter voltage 15  signal
lines CL. It is therefore made possible to decrease distortion in
t he waveform of the voltage for driving the counter el ectrodes CT fed
fromthe common -
CLAIMS

1. A liquid crystal display device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltage signals to change the
5 1ight transmission factor br light reflection factor of

said pixels, said liquid crystal display device
comprisings

a liquid crystal layer made of twistable liquid
crystal molecules;

10 a first substrate and a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

at least one polarizing means; and
at least a pair of a pixel electrode and a

15 ..counté; electrode. formed in each of'said pixelé between

| said_§ir§t.substraté and said 1iquid crystal layer in
order to contrbi.the twisﬁing amounts of liquid cfystal
moleculés of said liquid crystal layer by use of an
electric field which is established between said pixel

.20 electrode and said counter electrode and has a |
component in parallel with said first suﬁstrate}

wherein the dielecfric constant anisotropy Ae of
said liquid crystal layer, the effective thickness deff
of said liquid crystal layer, the width Wp of said

25 pizel electrode in the short-side direction, the width

A




voltage driver unit 52, to nearly unifornalize the electric field
I ntensity between the pixel electrode 20 and the counter electrode CT in

the pixels in the panel, and to decrease variation in the brightness
t hat occurs along the counter voltage signal lines CL. Wth
both ends of the counter voltage signal |lines CL connected to.the

common bus line CB, furthernore, the _25 common vol tage can be supplied
to both ends of the 103

m—

Wc of said counter electrode in the short-side
direction, and the gap L between said pixel electrode
and said counter electrode satisfy the following
relationships,
5 . Ae >0, 2.8 im = deff < 4.5 um,
1.2 x deff < Wwp < L/1.2, and 1.2 x deff S We S
L/1.2

2..' A liquid crystal display device having a

10 plurality of pixels arranged in the form of a matrix
and meaﬁs for applying voltage signals to change. the
light transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprisings |

15 -a liquid crystal layer made of twistable liquid
crystal molecules; | '

a first substrate and.a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

20 at least one polarizing means; and

at least a pair of a pixel electrode and a
countér electrode formed in each of said pixels between
said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal

25 molecules of said liquid crystal layer by use of an
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100

counter voltage signal lines CL and liquid crystals in

pi xel s can be driven even in case any counter vol t age si gnal
i s broken di sconnected at a portion. Unlike the prior art, therefore,

it does not

5 happen that liquid crystals in the pixels after t

t he
line CL

he

di sconnected portion are not driven, and the quality of di splay is not

I npai r ed.

(4) The region where the common bus line CBis

has a cross-sectional structure whichlP4 the

10

15

20

25

electric field which is established between said pixel
electrode and said counter electrode and has a
component in parallel with said first substrate;

wherein the dielectric constant anisotropy Ae of
said liquid crystal layer, the effective thickness deff
of said liquid crystal layer, the width Wp of said
pixel electrode in the short-side direction, the width
Wc of said counter electrode in the short-side
diiection, and the gap L between said pixel electrode
and said counter electrode satisfy the following
relationships,

Ae < 0, 4.2 ym S deff S 8.0 pm,

1.2 x deff < Wp < L/1.2, and 1.2 x deff = Wc =

L/1.2

3. A liquid crystal display device having a
plurality'of pixels arranged.in the form of a matrix
and means for applying voltage signals to change the
light transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprising:

; liquid crystal layer made of twistable liquid
crystal molecules;

a first substrate and a second substrate

sandwiching said liquid crystal layer therebetween, at

A

arranged



10 sane as the cross-sectional structure of the portions where the
common bus line CB intersects the scanning signal lines G. or the
video signal lines DL. It is t heref ore nade possi ble to decrease
variation in the t hi ckness of the edges of the substrate where the 15
comon bus line CB is forned and, hence, to make constant the gap
| ength between the two pieces of ubstrates to decrease variation in
the gap of the liquid crystal qF | ay devi ce. Though the
present invention has been concretely 20 described above by way of
enbodi nents, it should be noted that the invention is in no way
limted to the
least one of which is transparent;
at least one polarizing means;
at least a pair of a pixel electrode and a
counter electrode formed in each of said pixels between
5 said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel
electrode and said counter electrode and has a
10 component in parallel with said first substrate; and
a black matrix formed between said second
substrate and said liquid crystal layer;
wherein said black matrix is made 6f an
insulating material.
15
4. A liquid crystal display device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltage signals to change the
light transmission factor or light reflection factor of
20 said pixels, said liquid crystal display device
comprising:
a liquid crystal layer made of twistable liquid
crystal molecules;

a first substrate and a second substrate

25 sandwiching said liquid crystal layer therebetween at

A



above enbodi nents only but can be nodified in a variety

of ways

W t hout departing fromthe spirit and scope of the invention. In the
above-nmenti oned enbodi nents, for 25 i nstance, anorphous silicon
thin-filmtransistors TFT ' 101

are used as active elenents. It is, however, also al l owabl e to use

polysilicon thin-filmtransistors, MXS

10

15

20

25
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least one of which is transparent;

at least one polarizing means;

at least a pair of a pixel electrode and a
counter electrode formed in each of said pixels between
the surface of said first substrate and the surface of
said liquid crystal layer in order to control the
twisting .amounts of liquid crystal molecules of said
liquid crystal 1a§er by use of an electric field which
is established between said pixel electrode and said
counter electrode and has a component in parallel with
said first substrate; and

a video signal line, a signal electrode and a
switching element. provided in each of said pixels
between said first substrate and said liquid cryétal
layer to feed video-signals to said pixel electrode
through said video signal line, said signal electrode
and said switching element;

wherein said counter electrodes of adjacent

pixels are positioned on both sides of said video

signal line, and the widths of said counter electrodes
in the lateral direction are not smaller than one-half

the width of said video signal line.

5. A liquid crystal display device according to

claim 4, wherein the counter electrodes are made of an
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transistors_on_a silicon wafer; or two-term nal el ements such as MM
(nmetal-intrinsic-netal) diodes. 5 The i nvention can be further adapted

even to a liquid ~crystal display device of the reflection type
constituted by a pair of substrates at |east one of which is
transparent, a reflection neans and a pol ari zi ng neans.

107

anodizable metal, and a self-anodized film of this

metal covers the counter electrodes.

6. A liquid crystal display device according to
5 claim 5, wheréein the counter electrodes are made of

aluminum.

7. A liquid crystal display device according to
claim 5, wherein the counter electrode is formed
10 simultaneously with the gate signal line which is

composed of a metal layer having anodized surface.

8. A liquid crystal display device having a-
plurality of pixels arranged in the form of a matrix
‘15 and means for applying voltage signals to change the
| light transmission factor or light reflection factor of
said pixels, said liquid érystal display device
comprising;
a liquid crystal layer made of twistable liquid
20 crystal molecules; |
a first substrate and a second substrate
sandwicﬁing said liquid crystal layer therebetween, at
least one of which is transparent;
at least one polarizing means;

25 at least a pair of a pixel electrode and a
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102 CLAI M5 1. Aliquid crystal display device having a
plurality of pixels arranged in the formof a matrix and neans for
appl ying voltage signals to change the 5. light transm ssion factor or
light reflection factor of said pixels, said liquid crystal display
devi ce conpri si ng: a liquid crystal |ayer nade of

tw stable liquid crystal nnlecu&ga; 10 a first substrate and

a second substrate b

counter electrode formed in each of said pixels between .
said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
5 electric field which is established between said pixel
electrode and said counter electrode and has a
' component in parallel with said first substrate; and
a video signal line, a drain electrode, a gate
signal line, a gate electrode, a counter voltage signal
10 line and a thin-film transistor element formed in each
of said pixel elements between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
to feed video signals to said pixel. electrode through
15 said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electrode through said
counﬁer voltage signal line;
wherein said gate signal line is made of a metal
20 layer having an anodized surface, and said counter -
voltage signal line is made of the same material as

that of said gate signal line.

9. A liquid crystal display device according to

25 claim 8, wherein the counter signal line is made of

0 v




sandwi ching said liquid crystal |ayer therebetween, at | east one of

whi ch is transparent; at | east one polarizing neans; and
at least a pair of a pixel electrode and a 15 counter electrode forned in
each of said pixels between. said first substrate and said liquid
crystal layer in order to control the tw sting anmounts of |iquid
crystal nol ecul es of said liquid crystal |ayer by use of an
electric field which is established bE9%een said pixel 20 el ectrode and
said counter electrode and has a —conponent in parallel wth said
f;rst substrat e; wherein the dielectric constant anisotropy As
o]

aluminum.

10. A liquid crystal display device according to
‘claim 8, wherein the counter voltage signal line and

5 the gate signal line are formed through the samé'step.

11. A liquid crystal display.device having a
plurality of pixzels arranged in the form of a matrix
and means for applying voltage signals to change the

10 light transmission factor or light reflection factor of
said pixels, said liquid crystal display device |
comprising:

a liquid crystal layer made of twistable liquid
_ crystal molecules}

15 a first substrate and a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

at least one polarizing means:;
at least a pair of a pixel electrode and a

20 counter electrode formed in each of said pixels between
said first substrate and said liquid crystal layer in
order.to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel

25 electrode and said counter electrode and has component

) TR




said liquid crystal layer, the effective thickness deff of said

liquid crystal |ayer, the wwdth W of said 25 pi xel electrode in the
short-side-direction, the width

103 W of said counter electrode in the short-side direction,
and the gap L between said pixel electrode and said counter electrode
satisfy the foll ow ng 110

10

15

20

25

in parallel with said first substrate; and

a video signal line, a drain electrode, a gate
signal line, a gate electrode, a counter voltage signal
line, a thin-film transistor element and a capacitor
element formed by superposing part of said ‘pixel
electrode on part of said counter voltage signal line
via an interlayer insulating film, which are formed in
each of said pixels between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
to feed video signals to said pixel electrode through
said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electrode through said
counter voltage signal line;

" wherein said counter voltage signal line is made

of aluminum having anodized surface.

12. A liquid crystal display device having a -
plurality of pixels arranged in the form of A matrix
and means for appiying voltage signals to change the
1ight.transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprising: |

a liquid crystal layer made of twistable liquid

RN O O



rel ati onshi ps, 5 [err]s > 0, 2.8 [errIm[err] deff [err] 4.5

[err]m 1.2 x deff [err] Wb [err] L/1.2, and 1.2 x deff [err] W
[err] L/1.2 2. A liquid crystal display device having a
10 plurality of pixels arranged in the formof a matrix and neans
for applying voltage signals to change the i ght transm ssion factor
or light reflection factor of said pixels, said liquid crystal

di spl ay device conprising: 15 11l a liquid crystal |ayer nade of

twistable liquid

crystal molecules;

a first substrate and a second substrate
sandwiching said liquid crystal layer therebetween, at
least oné of which is transparent;

5 at least one polarizing means;

at least a pair of a pixel electrode and a
counter- electrode formed in each of said pixels between
said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal

10 .molecules of said liquid crystal layer by use of an
electric field which is established between said pizxel
electrode and said counter electrode and has a
component in parallel with said first subsfrate; and

a video signal line, a drain electrode, a gate

15 signal -line, a gate electrode, a counter voltage sighal
line, a thin—film transistor élement.and'a capécitor
elément'forﬁeﬁ by sﬁéerposing part of said pixel
electrode on part of said counter vdltage signal line
via an interlayer insulating f£ilm, which are formed in

20 each of said pixels between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
to feed video signals to said pixel electrode through
said video signal line, said drain electrode and said

25 thin-film transistor element, and to feed counter
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crystal nol ecul es; a first substrate and a second substrate

sandwi ching said liquid crystal |ayer therebetween, at | east one of
which is transparent; 20 at | east one polarizing nmeans; and

.at least a pair of a pixel electrode and a counter el ectrode forned
in each of said pixels between said first substrate and said liquid

crystal layer in order to contr the tw sting anmounts of liquid
crystal 25 nol ecul es of said I|qU|__ErystaI | ayer by use of an

voltage signals to said counter electrode through said
counter voltage signal line;
wherein a common bus line is provided to connect
in common the counter voltage signal lines of the
5 plurality of pikels, and the common bus line has a

multilayer structure of two or more conductive layers.

13. A liquid crystal display device according to
claim 12, wherein the common bus line is made up of a
10 conductive layer of the same material as the gate
electrode and a conductive layer of the séme material
as the video signal line, these conductive layers being
formed simultaneously with the formation of the gate
eiectrode and the video signal line.
18 o
14. a llquld crystal display dev1ce hav1ng a
plurality of pixels arranged in the form of a matrlx
and means for applying voltage signals to change the
light transmission factor or light reflection factor of
20 said pixels, said liquid crystal display device
comprising: .
é liquid crystal layer made of twistable liquid
crystal molecules;
a first substrate and a second substrate

25 sandwiching said liquid crystal layer therebetween, at

T



104 electric field which is established between said pixel

el ectrode and said counter electrode and has a conponent in parallel
with said first substrate; wherein the dielectric constant

ani sotropy [err] of 5 said liquid crystal layer, the effective thickness
def f of said liquid crystal |layer, the width W of said pi xel
el ectrode in the short-side directiondJEPe wi dt h W of said counter

electrode in the short-side
. —

least one of which is transparent;
at least one polarizing means;
at least a pair.of a pixel electrode and a
counter electrode formed in each of said pixels between
5 said first substrate and said liquid crystal layer in
order to control the twisting amounts of liquid crystal
molecules of said liquid crystal layer by use of an
electric field which is established between said pixel
electrode and said counter electrode and has a
10 component in parallel with said first substrate; and
a video signal line, a drain electfode, a gate
signal line, a gate electrode, a counter voltage signal
line, a thin-film transistor element and a capacitor
element formed by superposing part of said pixel
15 electrode on part of said counter voltage signal line
via an interlayer insﬁlating film, which are formed in
each of said pixels between said first substrate and
said liquid crystal layer, thereby to feed gate signals
to said gate electrode through said gate signal line,
20 to feed video signals to said pixel electrode through
said video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electrode through said
counter voltage signal'line;

25 wherein said gate signal line connected to said

I
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direction, and the gap L between said pixel electrode 10 and said

counter electrode satisfy the follow ng rel ati onshi ps,

[err] < O4.2 [errIm[err] deff [err] 8.0 [err]m 1.2 x deff

[err] W [err] L/1.2, and 1.2 x deff [err] W [err] L/1.2 15
A liquid crystal di spl ay device having a plurality of pixels

arranged in the formof a matrix and neans for applying voltage

signals to change the « light tradd4i ssion factor or light reflection

factor of 20 said pixels, said.liquftd crystal display device

gate electrode and said counter voltage signal line
connected to said counter electrode are arranged in
parallel in a first direction of the plurality of
pixels that are arranged in the form of a matrix, and

5 the video signal connected to said drain electrode is
arranged in parallel in a second direction, and

wherein said counter voltage signal line is used

in common by the two pixels adjacent to each other in
said second direction.

10
15. A liquid crystal display device according to
claim 14, wherein the gate electrodes, gate signal
lines and thin-film transistor elements of the two
pixels édjaqent to each other in said second direction

15 are so arranged'as to be opposed to each other, said
drain electrodes are used in common by said two pixels,
and the wirings from said drain electrodes to said |
video signal lines are arranged between the opposing
gate signal lines.

20
16. A liquid crystal display device according to
claim.ls, wherein said thin-film transistors are formed
along said gate signal line in such a waf that the
plurality of said thin-film transistors are connected

25  to said pixel electrodes in a pixel.
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conpri si ng:

a liquid crystal |layer nmade of twistable liquid

crystal nol ecul es; a first substrate and a second substrate

105

10

15

20

25

sandwi ching said liquid crystal |ayer therebetween, at

115

17. A liquid crystal display device having a
plurality of pixels arranged in the form of a matrix
and means for applying voltage signals to éhange the’
light transmission factor or light reflection factor of
said pixels, said liquid crystal display device
comprising:

a liquid crystal layer made of twistable liquid
crystal molecules;

a first substrate_and a second substrate
sandwiching said liquid crystal layer therebetween, at
least one of which is transparent;

at least one polarizing means;

at least a pair of a pixel electrode and a
counter electrode formed in each of said pixels between
said first.substrate.and said liquid crystal -layer in
order to control the twisting amounts of liquid crystal -
molecules of said 1iquid crystal layer by use of an
electric field which is established Eetween said pixel
electrode and said counter electrode and has a
component in parallel with said first éubstrate; and

é video signal line, a d;ain electrode, a gate
signal line, a gate electrode, a counter voltage signal
line, a thin-film transistor element and a capacitof

element formed by superposing part of said pixel

* [ L M s *
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| east one of which is transparent; at | east one polarizing

nmeans; at least a pair of a pixel electrode and a count er
el ectrode formed in each of said pixels between 5 said first substrate and
said liquid crystal layer in order to control the tw sting amounts of
liquid crystal nol ecul es of said liquid crystal |ayer by use of an
electric field which is established between said pixel el ectrode and
said counter electrode and has a 10 1¥%nponent in parallel with said
first substrate; and a blackTatri x forned between said second

substrate and said liquid crystal |ayer;

electrode on part of said counter voltage signal line
via an interlayer insulating film, which are formed in
each of said pixels between said first substrate and
said liquid crystal layer thereby to feed gate signals
5 to said gate electrode through said gate signal line,
to feed video signals to said pixel electrode through
_sai& video signal line, said drain electrode and said
thin-film transistor element, and to feed counter
voltage signals to said counter electrode through said
10 counter voltage signal line;
wherein the ends on both sides of said counter
voltage signal line are connected to a common bus line
and are, further, connected to a common voltage
generating and driving means.
15 | |
18. A liqﬁid crystal display device according to
claim 17, wherein thickness adjustment patterns are
formed on the non—display area of said first substrate,
éaid thickness adjustment patterns being made of the
20 same material and having the same thickness as those of

the common bus line.

19. A liquid crystal display device according to
claim 17 or 18, wherein a thickness adjustment film

25 made of the same material and having the same thickness
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wherein said black matrix is made of an insulating material. 15

4. A liquid crystal display device having a plurality of pixels
arranged in the formof a matrix and neans for applying voltage
signals to change the light transm ssion factor or light reflection
factor of 20 said pixels, said liquid crystal display device

conpri si ng: aliquid crystal |ayer nade of twistable liquid
crystal nol ecul es; a first Eﬁbstrate and a second substrate

as those of the gate electrode is provided over or
under said common bus line in the non-intersecting
areas except the areas where said common bus line
intersects said gate signal line or said video signal

5 line and except the areas where said common bus line is

connected to said counter voltage signal line.

20. A liquid crystal display device according to
claim 17 or 18, wherein a thickness adjustment film

10 ~made of the same material and having the same thickness
as those of the drain electrode is provided over or
under said common bus line in the non-intersecting
areas except the areas where said common bus line
intersects said gate signal line or said video signal

15 line and except the areas where said common bus line is

connected to said counter voltage signal line.
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25 sandwi ching said liquid crystal Iayer t her ebet we, n

| east one of- which is transparent; ~at leas
nmeans; ~at least a pair of a pixel electrode nter
el ectrode forned in each of said pixels between 5 the

first substrate: apﬂ; the sunfpce of 118

ms—

LIQUID CRYSTAL DISPLAY DEVICE WITH WIDE VIEWING ANGLE
CHARACTERISTICS

ABSTRACT OF THE DISCLOSURE

The invention concerns active matrix liquid crystal
display devices comprising a layer of liquid crystal molecules
(LC) sandwiched between two substrates (SUB1,SUB2) polarizing
means (POL1,POL2) and a pixel electrode (PX) and a
counterelectrode (CT) formed in each pixel between the first
substrate (SUB1) and the liquid crystal layer for twisting
the liquid crystal molecules (LC) through an electric field
between the pixel electrode (PX) and the counterelectrode
(CT) and having a component (EDR} in parallel with the first
substrate (SUB1l), wherein the dielectric anisotropy Ae and
the effective thickness d.; of the liquid crystal layer, the
width Wp of the pixel electrode (PX) in the short-side
direction, the width Wc of the counterelectrode (CT) in the
short-side direction, and the gap L between the pixel
electrode (PX) and the counterelectrode (CT) satisfy the
following relationships:

' Ae > 0, _ .
2.8 ym< doge < 4.5m,
1.2 x de < Wp < L/1.2,

and
1.2 x dges = W 2 L/1.2,
or
} As < 0,
4.2 ym < dege < 8.0 M,
1.2 x dee < Wp < L/1.2,
and

1.2 X Qe < We < L/1.2.
This concept leads to a wide viewing angle like that of
cathode ray tubes, improved picture quality and lower power
consumption. '

Figure 1B




said liquid crystal layer in order to control the twi sting anounts of

liquid crystal nol ecules of said liquid crystal layer by use of:an -
electric field which i s established between said pixel electrode and
said 10 counter electrode and has a conponent in parallel with sai d
first substrate; and a video signal line, a signal electrode and
a switching el enent provided in each of said pixels bet ween
said first substrate and said liquid ckystal 15 layer to feed video
signals to said pixel electrode hr ough said video signal line, said
si gnal el ectrode and said switching el enent;

FIG.TA FIG.1B

N T R R R T e T

T~ SuB2

Sl “._.Hf'f'f A AN NN N NN N NN
L] VA ST~—FIL

POL2

AN NN NN NN N NN NSNS \ORIZ

ORI
PX
DL’ |—5A1
cT1 | \G| -
suB1” | ~~poL1 POL1

FIG.1C ' FIG.1D

DL

ALY,
S

A

MAX2
MAX1



wherein said counter el ectrodes of adjacent pi xel s are positioned on

both sides of said video 20 signal line, and the widths of said counter
el ectrodes in the lateral direction are not smaller than one-half
the width of said video signal |ine. 5. Aliquid crystal display

device according to 25 claim4, wherein the counter el ectrodes are nmade of
an
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anodi zabl e netal, and a self-anodized filmof this nmet al covers the

counter el ectrodes. 6. A liquid crystal display device according to
5 claimb5, wherein the counter el ectrodes are nmade of al um num
7. A liquid crystal display device according to claimb5, wherein

the counter electrode is formed 10 sinmultaneously with the gate signal
line which is
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conposed of a netal |ayer having anodi zed surface. 8. Aliquid

crystal display device having a plurality of pixels arranged in the
formof a matrix 15 and neans for applying voltage signals to change the
light transm ssion factor or light reflection factor of sai d pixels,
said liquid crystal display device conpri si ng: aliquid
crystal layer nmade of twistable liquid 20 crystal nol ecul es;

a first substrate and a second substrqﬁg sandwi ching said liquid
crystal |ayer therebetween, at |'east one of which is transparent;

FIG.4
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| east a pair of a pixe

counter

108
said first substrate

at

25

| east one pol ari zi ng neans;

el ectrode and a

at

el ectrode formed in each of said pixels between

the tw sting amounts

| ayer in order to contro

and said liquid crystal

of

|l iquid crystal
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nol ecul es of said liquid crystal |ayer by use of an 5 electric field which
I s established between said pixel el ectrode and said counter el ectrode
and has a conponent in parallel with said first substrate; and

a video signal line, a drain electrode, a gate signal line, a gate

el ectrode, a counter voltage signal 10 line and a thin-filmtransistor

el enent forned in each of said piéel el ements between said first
substrate and said liquid crystal_layer, thereby to feed gate signals
to said gate el ectrode through said gate signal |ine, to feed video
signals to said pixel electrode through 15 said video signal line, said
drain el ectrode and said
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thin-filmtransistor elenent, and to feed counter voltage signals to

said counter el ectrode through said counter voltage signal |ine;
wherein said gate signal line is nade of a netal 20 | ayer havi ng an
anodi zed surface, and said counter voltage signal line is nmade of the
same material as that of said gate signal |ine. 9. Aliquid

crystal display device according to 25 claim8, wherein the counter
signal line is made of 7

ey
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109 al um num 10. A liquid crystal display device éccording

to claim8, wherein the counter voltage signal line and 5 the gate
signal line are forned through the sanme step. 11. Aliquid crysta
di spl ay device having a plurality of pixels arranged in the formof a
matri x

8

SD2




and neans for applying voltage signals to change the 10 l'i ght

transm ssion factor or light reflection factor of said pixels, said

liquid crystal display device conpri si ng: aliquid crysta
| ayer nmade of twi stable |iquid crystal nol ecules; 15 ' a first
substrate and a second substrate sandwi ching said liquid crystal

| ayer therebetween, at | east one of which is transparent;

at | east one polarizi ng neans; 2 at least a pair of a pixel

electrode and a 20 counter electrode Torned in each of said pixels
bet-ween

FIG.9
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said first substrate and said liquid crystal |ayer in order to

control the twi sting anounts of |iquid crystal nol ecul es of said
liquid crystal l.ayer by use of an electric field which is established
bet ween said pixel 25 el ectrode and said counter el ectrode and has
conponent 110
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in parallel wth said first substrate; and . a video signal line,

a drain electrode, a gate signal line, a gate el ectrode, a counter
vol t age si gnal line, a thin-filmtransistor elenment and a capacitor

5 el enent formed by superposing part of said pixel el ectrode on part
of said counter voltage signal line via an interlayer insulating
film which are fornmed in each of said pixels between said first
substrate and said liquid crystall¥ ayer, thereby to feed gate signals
10 to said gate el ectrode through sai'd gate signal line, to feed
video signals to said pixel electrode through said video signal |ine,

said drain el ectrode and sai d
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thin-filmtransistor elenent, and to feed counter voltage signals to

said counter electrode through said 15 counter voltage signal |ine;
wherein said counter voltage signal line is nmade of al um num havi ng
anodi zed surface. 12. A liquid crystal display device having a 20
plurality of pixels arranged in the formof a matrix and neans for
appl yi ng vol tage signals to change the |l i ght transm ssion factor or
light reflection factor of sai d pEﬁpls, said liquid crystal display
devi ce conprising: 25 a liquid crystal |ayer nade of

tw stable |iquid
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at least a pair of a pixel electrode and a counter electrode forned in
each of said pixels between said first substrate and said liquid
crystal layer in order to control the twi sting anmounts of |iquid
crystal 10 nolecules of said liquid crystal |ayer by use of an

electric field which is established between said pixel el ectrode and
said counter el ectrode and has a conponent in parallel with said
first substrate; and a videoléignal line, a drain electrode, a
gate 15 signal line, a gate electrode, a counter voltage signa

line, a thin-filmtransistor elenent and a capacitor el enment forned

by super posi ng part of said pix1t|c; 1 ‘l/\
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el ectrode on part of said counter voltage signal |ine via an
interlayer insulating film which are fornmed in 20 each of said pixels
bet ween said first substrate and said liquid crystal |ayer, thereby-
to feed gate signals to said gate el ectrode through said gate signa
i ne, to feed video signals to said pixel electrode through

said video signal line, said drain electrode and said 25 thin-film
transistor elenent, and to feed countet5
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lines of the

mul til ayer

13. Aliquid crystal

wherein the conmon bus line is

wherein a common bus line is
conductive |ayer of X%e sanme material as the gate

in common the counter voltage signa

and the common bus |ine has a

nore conductive | ayers.

voltage signals to said counter el ectrode through said
l'ine;

counter voltage signa

provi ded to connect
5 plurality of pixels,

- structure of two or
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i ne. 15
refl ection

plurality of pixels

and neans for applying voltage

|l i ght transm ssion factor or

sai d pixels, said li qutd crysta

as the video

formed simultaneously with

el ectrode and the video signal

di spl ay device having a

| i ght

di spl ay device
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crystal nol ecul es; a first substrate and a second substrate 25
sandwi ching said liquid crystal |ayer therebetween, at

113 | east one of which is transparent; at | east one
pol ari zi ng neans; at least a pair of a pixel electrode and a
18
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counter electrode forned in each of said pixels between 5 said first

substrate and said liquid crystal layer in order to control the

tw sting anounts of liquid crystal nol ecul es of said liquid crystal

| ayer by use of an electric field which is established between said
pi xel el ectrode and said counter electrode and has a 10 conponent
in parallel with said first substrate; and a video signal |ine,
a drain electrode, a gate signall®ine, a gate el ectrode, a counter
vol t age si gnal line, a thin-filmtransistor elenment and a capacitor

el ement formed by superposing part of said pixel 15 el ectrode on part of
said counter voltage signal |ine

FIG.19
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via an interlayer insulating film which are fornmed in each of said

pi xel s between said first substrate and said liquid crystal |ayer,
thereby to feed gate signals to said gate el ectrode through said gate
signal line, 20 to feed video signals to said pixel electrode through
said video signal line, said drain el ectrode and said thin-film
transistor elenent, and to feed counter vol tage signals to said
counter el ectrode through said Adfuinter voltage signal line; 25
wherein said gate signal |ine connected to said
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114 gate el ectrode and said counter voltage signal |ine

connected to said counter electrode are arranged in parallel in a
first direction of the plurality of pi xel s that are arranged in the
formof a matrix, and 5 the video signal connected to said drain el ectrode
S arranged in parallel in a second direction, and wherein
said counter voltage signal line is usgg

FIG.21
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in common by the two pixels adjacent to each other in sai d second
direction. 10 15. Aliquid crystal display device according to
claim 14, wherein the gate el ectrodes, gate signal | i nes and
thin-filmtransistor elenments of the two pi xel s adj acent to each
other in said second direction 15 are so arranged as to be opposed to
each other, said drain electrodes are used in common by said two
pi xel s, and the wirings fromsai @2drain el ectrodes to said

video signal lines are arranged between the opposing gate signal

| i nes.

FIG.22

CHi
BF1

§ SRS ,457' IS IYY lfyﬂp\mmnnnann
S - =

TTB

BF2

BIN BIN

SRS SRS ™



20 16. Aliquid crystal display device according to cl aim 15,

wherein said thin-filmtransistors-are forned al ong said gate signal
line in such a way that the plurality of said thin-filmtransistors
are connected 25 to said pixel electrodes in a pixel.
115

23

FIG.23

. - zz POL2
TCP S
e ™~-SUB2

BFI GTM(Tg) Pt e
k\/ (Te EPX : : BM

[ IV A 4 L JZ £ L7 F""

. o M4 e —— oC
'[B':'I:II o~ A= ~<SL
- | < 3 .. PSV
SRS a2 N\ | AOF
hEN ~ ~o T SUBT
POL1

ACF



17. A liquid crystal display device having a plurality of pixels

arranged in the formof a matrix and neans for applying voltage
signals to change the 5 | ight transm ssion factor or light reflection
factor of said pixels, said liquid crystal display device

conpri si ng: a liquid crystal |layer nade of twi stable |iquid
crystal nolecules; 10 a first substrate and a second substrate
sandwi ching said liquid crystal |ayer %fprebetmeen, at | east one of

whi ch is transparent;

FIG.24
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at | east one polarizing neans; . at least a pair of a pixe
el ectrode and a 15 counter electrode fornmed in each of said pixels

bet ween said first substrate and said liquid crystal |ayer in

order to control the twi sting anmounts of |iquid crystal nmol ecul es of
said liquid crystal |ayer by use of an electric field which is

est abl i shed between said pixel 20 el ectrode and said counter el ectrode
and has a component in parallel #th said first substrate; and

a video signal line, a drain electrode; a gate signal line, a gate
el ectrode, a counter voltage signal line, a thin-filmtransistor

el enent and a capacitor

FIG.25 .




25 el ement formed by superposing part of said pixel

116 el ectrode on part of said counter voltage signal |ine Vi a
an interlayer insulating film which are formed in each of said
pi xel s between said first substrate and said liquid crystal |ayer

thereby to feed gate signals

26
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5 to said gate electrode through said gate signal |ine, to feed video

signals to said pixel electrode through said video signal line, said
drain el ectrode and said thin-filmtransistor elenent, and to feed
counter voltage signals to said counter electrode through said 10
counter vol tage signal |ine; wherein the ends on both sides of
sai d counter vol tage signal line are connected to a conmon bus |ine
and are, further, connected to a conndﬁ!voltage generating and
driving neans. 15 18. Aliquid crystal display device according to
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claim17, wherein thickness adjustnent patterns are formed on the
non-di splay area of said first substrate, sai d thickness adj ustnent
patterns being made of the - 20 sanme material and having the sane

t hi ckness as those of t he conmon bus |i ne. 19. Aliquid
crystal display device according to claim17 or 18, wherein a

t hi ckness adjustnent film 25 made of the sanme material and having the
sane thi ckness 28

o




117 as those of the gate electrode is provided over or under

said common bus line in the non-intersecting areas except the areas
where said conmon bus |ine intersects said gate signal line or said
video signal 5 |l i ne and except the areas where said common bus line is
connected to said counter voltage signal |ine. 20. Aliquid crysta
di spl ay device according to claim17 or 18, wherein a thickness

adj ustnment film 29

n——

FIG.29
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10 made of the same materia
of the drain electrode is provided over or
in the non-intersecting

i ne

and except the areas where said common bus line is

i ntersects-said gate signal line or said video signal 15

counter voltage signal |ine.
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//ﬂ SEARCH REPORT [Appiaion o 96064605

TEXT OF THE ABSTRACT

LIQUID CRYSTAL DISPLAY DEVICE WITH WIDE VIEWING AN: GLE
CHARACTERISTICS

The invention concerns dctive matrix liquid crystal display devices comprising a layer of
liquid crystal molecules (LC) sandwiched between two substrates (SUB1, SUB2) polazizing -
means (POL1, POL2) and a pixel electrode (PX) and a counterelectrode (CT) formed in each
pixel between the first substrate (SUB1) and the liquid crystal layer for twisting the liquid

crystal molecules (LC) through and electric field between the pixel electrode (PX) and the

counterelectrode (CT) and having a component (DER) in parallel with the first substrate =

(SUB1), wherein the dielectric anisotropy Ae and the effective- thickness degr of the liquid
crystal layer, the width Wp of the pixel electrode (PX) in the short-side direction, the width
We fo the counterelectrode (CT)in the short-side direction, and the gap L between the plxel

i . electrode (PX) and the counterelectrode €D satlsfy the following relat10nsh1ps

Ae > 0
2.8 ym < dege X 4.5 pm,
1.2 x dgge < Wp 2 L/1.2,

and .
- 1.2 x dge < We 2 L/1.2,
. o _ B | .
_ -Ae <0,
4. Zymﬁ des 2 8. Ollm
'12xdeff5WpsL/12 ,
and -

© 1.2 x dge £ We x L/1.2.

Th'Isconcept leads to a wide viewing ahglé charécterisﬁc like that of cathode ray mbes,
improved picture quality and lower power consumption.

Figure 1B
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