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7) ABSTRACT

In an active matrix LCD, a group of gate lines are formed
with input wires (31a) and drive wires (31b), both wires
being electrically connected each other. The input wires
(31a) extend in the vertical direction which is the same as
the data lines (32), while the drive wires (31b) extend in the
horizontal direction. Thus, electrical connections between
the data lines (32) and the data line IC chip (21), and
electrical connections between the gate lines (31a, 31b) and
the gate line IC chip (22) are provided at the top and the
bottom of the display device, respectively, with the liquid
crystal panel 10 being interposed therebetween. As a result,
the device can be realized in which a width in the horizontal

(51) Int. CL7 s G0IG 5/00 direction is narrower than the conventional device.
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DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display device
comprising a display portion having an array of pixels
arranged in a matrix, a group of first wires each formed for
a corresponding row of pixels of the pixel array for supply-
ing a first voltage to electrodes of the pixels of the corre-
sponding row, a group of second wires each formed for a
corresponding column of pixels of the pixel array for
supplying a second voltage to electrodes of the pixels of the
corresponding column, first voltage supplying means each
electrically connected to a corresponding one of the first
wires for permitting the first voltage to be supplied thereto,
and second voltage supplying means each electrically con-
nected to a corresponding one of the second wires for
permitting the second voltage to be supplied thereto.

[0003] 2. Description of the Related Art

[0004] Recently, electronic equipment having a flat-panel
display, such as a liquid crystal display (LCD), a plasma
display panel (PDP), a field emission display (FED) and an
organic electroluminescent display (ELD), has come into
common use as a display device. The electronic equipment
having a liquid crystal display, in particular, is becoming
widespread and has various applications.

[0005] For the liquid crystal display, one having a panel of
the transmission-type, which causes a light from a light
source (backlight) disposed behind the panel to pass through
a filter thereby to perform a display, was in the mainstream
in the past. Lately, attention is being given to the display
having a panel of the reflection-type, which carries out a
display, without the need for the backlight, by reflecting an
incident light through a surface of the panel by a reflective
electrode and then passing the reflected light through a filter.
The reflection-type liquid crystal panel has the advantages in
its higher resolution, higher brightness, lower power con-
sumption and less susceptibility to flushout by the surround-
ing light. As a result, its market expansion is expected for
applications to devices for outdoor use, such as mobile
phones or PDA (personal digital assistants), this leading to
increasing need for its miniaturization.

[0006] FIG. 1 diagrammatically shows an exemplary
structure of a conventional liquid crystal display apparatus.
FIG. 2 shows a partial structure of a driving circuit of the
liquid crystal display on an enlarged scale. The liquid crystal
display apparatus comprises a liquid crystal panel 110 with
a display portion 110z and a driving section 120 arranged
around the liquid crystal panel 110.

[0007] The liquid crystal panel 110 comprises a driving
substrate and an opposite substrate disposed opposite to the
driving substrate. The driving substrate is provided with a
plurality of pixel electrodes 113 arranged in a matrix with M
rows and N columns, thin film transistors (referred to as
“TFT” in the following description) 117 for controlling a
respective one of the pixel electrodes 113, respectively, and
so on formed thereon. The opposite substrate is provided
with a color filter, a common electrode and so on formed
thereon. A liquid crystal layer is held between these sub-
strates. The driving substrate is formed, in correspondence
with the pixel electrodes 113 of M columns by N rows, with
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M gate lines (scanning lines) 131 usually extending in the
horizontal direction and N data lines (source lines) 132
usually extending in the vertical direction. Gate electrodes
of the predetermined TFTs 117 are electrically connected to
a corresponding gate line 131, and each of the gate lines 131
is provided with a terminal 134 at its end. Source electrodes
of the predetermined TFTs 117 are electrically connected to
a corresponding data line 132. A terminal 133 is provided at
an end of each of the data lines 132 as in the case of the gate
lines 131.

[0008] The driving section 120 comprises a gate line IC
chip for driving the gate lines 131, each of terminals 122 of
the IC chip being electrically connected to a respective one
of terminals 134 of the gate lines 131. The driving section
120 also comprises a data line IC chip for driving the data
lines 132, each of terminals 121 of the IC chip being
electrically connected to a respective one of terminals 133 of
the data lines 132.

[0009] In the liquid crystal display apparatus with such a
configuration, scanning voltages are supplied sequentially
and cyclically from the terminals 122 of the gate line IC chip
to the terminals 134 of the gate lines 131. On the other hand,
signal voltages are supplied selectively in response to an
image signal from the terminals 121 of the data line IC chip
to the terminals 133 of the data lines 132. A predetermined
voltage is always supplied to the common electrode. The
signal voltages are thus supplied to the pixel electrodes 113
through the TFTs which are rendered on by the application
of the scanning voltage. Consequently, voltages are applied
to the liquid crystal layer disposed between the common
electrode and the pixel electrodes 113 to which the signal
voltages are supplied, so that a desired image display is
performed.

[0010] With the configuration described above, however,
in most cases the gate lines extend in the horizontal direction
while the data lines extend in the vertical direction as already
mentioned, when the apparatus is disposed in such a way
that the image display can be seen properly. In that case, the
voltages supplied to the terminals of the gate lines are
entered from the left or right side of the display panel while
the voltages supplied to the terminals of the data lines are
entered from the top or bottom side of the display panel.
Therefore, a gate terminal area where the terminals of the
gate lines and the gate line IC chip are present has been
provided on the left or right side of the display panel, while
a data terminal area where the terminals of the data lines and
the data line IC chips are present has been provided on the
top or bottom side of the display panel. In other words, the
gate terminal area and the data terminal area have been
provided in such directions that they intersect perpendicu-
larly to each other. This causes a problem that the apparatus
becomes larger. In particular, typical display devices are
constituted in such a way that their length in the horizontal
(right-and-left) direction is larger than that in the vertical
(up-and-down) direction and that the terminal area exists on
a side in the horizontal direction. The conventional display
device cannot thus sufficiently meet the demands that the
apparatus is miniaturized and that the width of the display
portion is expanded in the horizontal direction.

SUMMARY OF THE INVENTION

[0011] The invention has been made in view of the above-
mentioned problems and has an object to provide a display
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device of the type described in the opening paragraph which
can be miniaturized without reduction of a display area.

[0012] A display device according to the invention is
characterized in that electric connections between the first
wires and the first voltage supplying means, and electric
connections between the second wires and the second volt-
age supplying means are provided on only one side or both
sides of said pair of opposing edges.

[0013] With the display device according to the invention,
a predetermined voltage is supplied from the first voltage
supplying means to a first wire at one side of the pair of
opposing edges of the display portion, based on which the
first voltage is supplied from the first wire to respective
pixels which constitute a row of pixels of the array. A
predetermined voltage is supplied from the second voltage
supplying means to a second wire at the one side or the other
side of the pair of opposing edges, based on which the
second voltage is supplied from the second wire to respec-
tive pixels which constitute a column of pixels of the array.

[0014] According to the display device of the invention, a
reduction in size, in one direction, of the device is achieved
without reducing its display area as compared with the case
the said electric connections are present on the perpendicu-
larly disposed sides of the device.

[0015] In the display device according to the invention,
preferably, one of the groups of the first wires and the second
wires comprises input wires each having an electric con-
nection with the corresponding voltage supplying means and
drive wires each electrically connected to said correspond-
ing voltage supplying means through the corresponding
input wire, the input wires and the other group of the first
wires and the second wires extending in the same direction,
the drive wires extending perpendicularly to the input wires.
In this case, the predetermined voltage is supplied from the
voltage supplying means corresponding to the wire having
the input wire to the input wire, and then the voltage is
supplied from the input wire to the drive wires.

[0016] In the display device according to the invention,
preferably, one end of each input wire is an electric con-
nection with the corresponding voltage supplying means and
the other end is an electric connection with the correspond-
ing drive wire, dummy wires, for adjusting electric capaci-
tance of each pixel constituting said pixel array, being
formed for other pixels than those of the pixels for which the
input wires are present. All of capacitance of the pixels are
made substantially uniform by means of these dummy wires,
so that degradation of image quality of the display is
prevented.

[0017] The dummy wires are connected, for example, to
further wires which have the function of supplying a given
voltage to the dummy wires. The dummy wires may alter-
natively be connected to the predetermined drive wires.

[0018] Preferably, at least part of the above-mentioned
electrodes has the function of reflecting an incident light,
and a picture is formed by a reflected light from the
electrodes. This results in a realization of a display device
with a higher resolution and a higher brightness.

[0019] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows an essence of wires of a conventional
display device.
[0021] FIG. 2 shows an essence of a driving circuit of the

conventional display device.

[0022] FIG. 3 is a cross section of a display device
according to the first embodiment of the invention.

[0023] FIG. 4 shows an essence of wires of the display
device illustrated in FIG. 3.

[0024] FIG. 5 shows an essence of a driving circuit of the
display device illustrated in FIG.3.

[0025] FIG. 6 shows an essence of a driving circuit of a
display device according to the second embodiment of the
invention.

[0026] FIG. 7 shows an equivalent circuit of the display
device according to the first embodiment of the invention.

[0027] FIG. 8 shows an equivalent circuit of the display
device according to the second embodiment of the inven-
tion.

[0028] FIG. 9 shows an equivalent circuit of a display
device according to the third embodiment of the invention.

[0029] FIG. 10 shows an equivalent circuit of a display
device according to the fourth embodiment of the invention.

[0030] FIG. 11 shows an equivalent circuit of a display
device according to the fifth embodiment of the invention.

[0031] FIG. 12 conceptually shows an essence of wires of
a further display device according to the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0032] The embodiments of this invention will be
described in further detail hereinafter with reference to the
accompanying drawings.

[0033] [First Embodiment]

[0034] FIG. 3 diagrammatically shows a cross-section of
a liquid crystal display apparatus (more specifically a liquid
crystal panel 10 which will be described later) provided as
a display device according to a first embodiment of the
invention. FIG. 4 shows an essential structure of wires
which is a characteristic part of the liquid crystal display
apparatus according to the embodiment. FIG. 5 shows an
essential structure of a driving circuit for the liquid crystal
display apparatus according to this embodiment. The liquid
crystal display apparatus comprises the liquid crystal panel
10 having a display portion 10a, and IC chips 21 and 22 (see
FIG. 4) provided as a voltage supplying means disposed
around the liquid crystal panel 10.

[0035] The liquid crystal panel 10 (the display portion
104) comprises a driving substrate 11 and an opposite
substrate 16. The driving substrate 11 is provided with an
insulating layer 12 and a plurality of pixel electrodes 13, the
insulating layer 12 being formed between the driving sub-
strate 11 and the pixel electrodes 13. The opposite substrate
16 is arranged to oppose the driving substrate 11 with a
given space in between and is provided with a common
electrode 15 and a color filter (not shown) thereon. A liquid
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crystal layer 14 is held between the driving substrate 11 and
the opposite substrate 16. Thus formed is a structure in
which the display portion 10a has at least a pair of opposing
edges. The pixel electrodes 13 are made of a material with
a reflecting function such as aluminum (Al) and constitute
sub-pixels which are arranged in a matrix with M rows and
N columns. Each of the pixel electrodes 13 is electrically
connected, for example, to a drain electrode of a respective
TFT 17 as a switching element, the TFT 17 being formed in
the insulating layer 12 in correspondence with the pixel
electrode 13. Thus, this liquid crystal panel 10 is designed to
be the reflective type. Either of a so-called top gate type TFT
or a so-called bottom gate type TFT may be used as the TFT
17.

[0036] Gate electrodes of TFTs 17 which are arranged in
a matrix correspondingly to the pixel electrodes 13 are
electrically connected row by row to gate lines provided as
first wires, i.e., driving wires 315 which will be described
later. Source electrodes of TFTs 17 are electrically con-
nected column by column to data lines 32 provided as
second wires.

[0037] The pixel electrodes 13 are, in this case, arranged
in a matrix with M rows and N columns as already men-
tioned, so that N data lines 32 extend in the column direction
(vertical direction), which are formed in the insulating film
12. The data lines 32 are provided at one ends (in this case,
top ends in FIGS. 4 and 5) with data line terminals 33. The
data line terminals 33 are electrically connected, through an
anisotropic conductive material, to output terminals 21 of a
data line IC chip (a first voltage supplying means), which
terminals are formed correspondingly to the respective data
line terminals 33 on the same side as the place where said
data line terminals 33 of the liquid crystal panel 10 (the
display portion 10g) are formed. Thus, the electrical con-
nections between the data lines 32 and the data line IC chip
are located at the vertically upper part of FIGS. 4 and 5.

[0038] The gate lines comprise M input wires 31a and M
drive wires 31b in correspondence with the pixel electrodes
13. The respective input wires 31a extend in the same
direction as the data lines 32, which direction is vertical in
this case, while the respective drive wires 315 extend in the
column direction (horizontal direction) perpendicular to the
input wires 31a. It is to be noted that said direction perpen-
dicular to the input wires 31a includes any direction sub-
stantially perpendicular to the input wires 31la. Both the
input wires 31a and the drive wires 31b are formed in the
insulating layer. The input wires 31a and the drive wires 31b
correspond to each other in a one-to-one relationship, the
corresponding wires in each pair being electrically con-
nected to each other through a not-shown contact hole
(through hole) filled with a conductive material. Those of the
input wires 31a and the drive wires 315 which do not
correspond to each other are electrically insulated. The input
wires 314, the drive wires 315, the contact holes and the data
lines 32 are all provided between the electrodes 13 and the
driving substrate 11, so that the display apparatus has an
excellent optical property without the numerical aperture
being reduced in this embodiment.

[0039] In the liquid crystal display apparatus, each area
surrounded by two adjacent drive wires 31b and two adja-
cent data lines 32 corresponds to a respective one of sub-
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pixels which together form a pixel or a pixel array as the
display portion. “A pixel” in the invention may include a
sub-pixel.

[0040] Each of the input wires 31a is provided with a
respective one of gate line terminals 34 at an end on the edge
opposite to the side where the data line terminals are formed
(the bottom edge of FIGS. 4 and 5 in this case). The
respective gate line terminals 34 are electrically connected
to output terminals 22 of a gate line IC chip (second voltage
supplying means) each via, for example, an anisotropic
conductive material, the output terminals 22 each being
formed on the side same as that on which the input wires 31a
of the liquid crystal panel 10 (the display portion 10a) are
formed in correspondence with a respective one of the input
wires. Thus, in this case, electrical connections between the
gate lines 31a, 315 and the gate line IC chip are located at
the lower part of FIGS. 4 and 5. In the liquid crystal display
apparatus according to the embodiment, the electrical con-
nections between the data lines 32 and the data line IC chip,
and the electrical connections between the gate lines 3a,
31b and the gate line IC chip are provided on both of the pair
of the opposing edges of the display portion 10a of the liquid
crystal panel 10. More specifically, the gate line terminals 34
and the data line terminals 33 are provided at the top and the
bottom of the display apparatus, respectively, with the liquid
crystal panel 10 being interposed therebetween. As a result,
a width of the liquid crystal display apparatus in the hori-
zontal direction is narrower than the conventional one.

[0041] The liquid crystal display apparatus with the struc-
ture described above will operate as follows.

[0042] 1In the liquid crystal display apparatus, a predeter-
mined voltage is always applied from a not-shown voltage
circuit to the common electrode 15. The gate line IC chip
supplies predetermined voltages to the input wires 31a at its
electrical connections with the gate line terminals 34, which
voltages being supplied to the drive wires 31b through the
through holes. The gate lines 314 and 315 are thus permitted
to supply voltages, and the voltages are supplied to the gate
electrodes of the TFTs 17 through the through holes and the
drive wires 31b. More specifically, one scanning pulse, as a
gate voltage (first voltage), per one cycle is supplied to each
of the corresponding row of gate electrodes of the TFTs 17,
where said one cycle corresponds to one scanning selection
period of time. When an on-level voltage is supplied to a
gate electrode of each TFT 17, the TFT 17 is rendered on
whereby the TFT is made conductive between its source
electrode and drain electrode.

[0043] The data line IC chip receives an image signal from
a not-shown voltage circuit and converts the received image
signal into voltages in accordance with the signal. The data
line IC chip then supplies the voltages to the data lines 32 at
the electrical connections with the data line terminals 33.
The data lines 32 are thus permitted to supply voltages and
supply signal voltages (second voltages) to the source elec-
trodes of the TFTs 17. The signal voltages are supplied to the
corresponding pixel electrodes through the TFTs 17, when
the TFTs 17 are in the on state. Consequently, voltages are
applied to those parts of the liquid crystal layer 14 which are
present between the common electrode 15 and the pixel
electrodes 13 thus supplied with the signal voltages, so that
the liquid crystal layer 14 is driven and an image is displayed
on the display portion 10a.
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[0044] With the liquid crystal display apparatus of this
embodiment, since the electric connections between the data
lines 32 and the data line IC chip, and the electric connec-
tions between the gate lines 31a, 31 and the gate line IC
chip are provided, respectively, on both sides of the appa-
ratus which oppose to each other via the display portion 10a
of the liquid crystal panel 10 in the vertical direction, a
terminal forming area is unnecessary on both sides of the
apparatus in the horizontal direction. Therefore, the appa-
ratus can be reduced in size in one direction without reduc-
ing its display area as compared with the case where said
electric connections are present on the perpendicularly dis-
posed sides of the apparatus.

[0045]

[0046] FIG. 6 shows an essential structure of a driving
circuit for a liquid crystal display apparatus provided as a
display device according to a second embodiment of the
invention. This liquid crystal display apparatus is the same
in structure as that according to the first embodiment except
for the configuration of the input wires 31a. Therefore, the
input wires 31a will only be described in detail hereinafter.

[0047] N input wires 3la are provided in the insulating
layer 12, in correspondence with the pixel electrodes, to
extend in the same direction as the data lines 32. Each of the
input wires 31a is provided with a respective one of the gate
line terminals 34 at the end on the side of the apparatus
opposite to the side where the data line terminals 33 are
formed.00The input wires 31a correspond to the drive
wires 31D one by one, wherein each of the input wires 31a
is electrically connected to the corresponding drive wire
31b, but is insulated from other drive wires 31b. FIG. 6 only
shows the input wires 31a associated with the second and the
third rows.

[Second Embodiment]

[0048] A big difference exists in length (patterning)
between the input wires 31a of this embodiment and those
of the first embodiment. More specifically, each of the other
ends of the input wires 31a (the ends opposite to the ends
provided with the gate line terminals 34) is a junction
between the corresponding input wire 31a and the corre-
sponding drive wire 31b, cach input wire 3la of this
embodiment, thus, being formed in a such a manner that the
portion of the input wire 31« of the previous embodiment
extending further from the junction with the drive wire 31b
is cut away. In this case, it should be understood that said
junctions between the input wires 31a and the drive wires
31b mean the portions where the input wires 31a and the
drive wires 31b are physically connected via contact holes.

[0049] With this embodiment, the apparatus can be
reduced in size in one direction without reducing its display
area as the first embodiment. Moreover, since each of the
other ends of the input wires 31a is the junction with a
respective one of the drive wires 31b , the number of
crossings of the input wires 31a and the drive wires 31b over
the entire display portion can be decreased. Therefore, the
power consumption of the liquid crystal panel 10 can be
reduced.

[0050] An electrical capacitance is present in each sub-
pixel because it is provided with the gate line 31a and 31b,
the data line 32, the electrodes and so on. FIGS. 7 and 8
show equivalent circuits of the liquid crystal display appa-
ratuses according to the first and the second embodiments,
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respectively. Formed as electrical capacitance for each sub-
pixel are, for example, storage capacitance C, (each storage
capacitance C_, is formed between the pixel electrode 13 and
the drive wire 31b) and parasitic capacitance C,, (each
parasitic capacitance C4; is formed between the gate elec-
trode of the TFT 17 and the drive wire 31b to which said gate
electrode is electrically connected.) in addition to pixel
capacitance C; . (not shown). All of capacitance in each
sub-pixel should be substantially identical, when the sub-
pixels have to have same brightness with respect to one
another. Coupling capacitance may be present between the
adjacent pixel electrodes, but such a coupling capacitance
has no influence on a kick-off voltage which will be
described later.

[0051] In the first embodiment, storage capacitance C_, is
formed between the pixel electrode and the input wire 31a
at the pixel defined by the second row and the third column,
as 1s apparent from FIG. 7, and the same holds true for the
pixel defined by the third row and the second column. The
storage capacitance C,, is formed, when a voltage to be
supplied to the input wire 31a present in the relevant pixel
and a voltage to be supplied to the gate electrode of the
relevant TFT 17 are different. Thus, for example, in the case
of the pixel defined by the second row and the third column,
since the gate voltage is supplied from the input wire 31a
provided in the area of the second column to the gate
electrode, this gate voltage is different from the voltage
which is supplied to the input wire 31a provided in the area
of the third column, whereby the storage capacitance C,, is
formed.

[0052] At each of the pixels defined by the second row and
the third column, and by the third row and the second
column, respectively, parasitic capacitance C,y, is formed
between the pixel electrode and the input wire 31a. The
parasitic capacitance Cyg, is formed, when the voltage to be
supplied to the input wire 31a present in the relevant pixel
and the voltage to be supplied to the gate electrode of the
relevant TFT 17 are equal. Thus, for example, in the case of
the pixel defined by the second row and the second column,
since the gate voltage is supplied from the input wire 31a
provided in the area of the second column, this gate voltage
is equal to the voltage which is supplied to the input wire 31a
present in the relevant pixel, whereby the parasitic capaci-
tance C,4, is formed.

[0053] In the operation of the liquid crystal display, when
a TFT 17 is rendered off, the pixel electrode 13 correspond-
ing thereto is, ideally, electrically insulated from the TFT.
However, actually, the pixel electrode 13 is influenced by a
voltage induced on the gate electrode due to the parasitic
capacitance C,4; and C,,,. More specifically, when the TFT
17 changes from the on state to the off state, the voltage of
the pixel electrode is changed by a voltage AV_ (referred to
as a “kick-off voltage” hereinafter) represented by the fol-
lowing mathematical formula (1) (a penetration phenom-
enon or a field through phenomenon). Since degradation in
image quality occurs when the voltage changes at the pixel
electrodes are different in the display portion 10a, it is
preferable that the occurrence of a difference between the
voltages AV_ in the display portion 10a be prevented.

AV =Caf (CogtCHCrLoxAVg D
[0054] where AV, is a difference between the gate voltage
at the on level and that at the off level,

C=Cy#Cyp, and Cp=Cooy+Ca
[0055] In the second embodiment (FIG. 8), the parasitic
capacitance Cgy, is not formed because that part of the each
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input wire 31a which extends further from the junction with
the drive wire 31b is not present, while the storage capaci-
tance Cg, is not also formed in each sub-pixel in which the
input wire 314 is not present. As a result, a difference in the
storage capacitance Cg exists among the sub-pixels, so that
a difference of the kick-off voltage AV, will occur.

[0056] Several ways of wiring will now be described in
which an occurrence of the difference in the kick-off voltage
AV, among the sub-pixels can be prevented.

[0057] [Third Embodiment]

[0058] FIG. 9 shows an essential structure of a driving
circuit for a liquid crystal display apparatus provided as a
display device according to a third embodiment of the
invention. This liquid crystal display apparatus is the same
in structure as that according to the second embodiment
except that it further comprises dummy wires 41 and a
dummy input wire 42 for supplying voltages to the dummy
wires 41. Therefore, a detailed description of the corre-
sponding parts will be omitted.

[0059] The dummy wires 41 are formed to adjust the
electrical capacitance at the respective sub-pixels for the
purpose of preventing the occurrence of the difference in the
kick-off voltage AV_ among the sub-pixels as mentioned
above. A pattern of dummy wires may be designed in
various ways. In the example shown in FIG. 9, each dummy
wire 41 is provided in each column for those sub-pixels for
which no input wire 31a is present, that is to say, each
dummy wire 41 is formed to extend, for example, in
alignment with a corresponding input wire 31« from a point
after its junction with the drive wire 315 seen from the side
of the gate line terminal. The dummy wires 41 are electri-
cally connected to the dummy input wire 42 extending in the
same direction as the drive wires 31b, for example, outside
the display portion. Each dummy wire 41 is electrically
insulated from the corresponding input wire 31a.

[0060] The dummy input wire 42 is provided at its one end
with a terminal 43. Predetermined voltages such as the
voltage to be supplied to the common electrode and the
off-level voltages to be supplied to the gate electrodes of the
TFTs 17 are supplied to the dummy input wire 42 via the
terminal 43. The voltage supplied to the dummy input wire
42 is not especially limited, but it is necessary that the
dummy input wire 42 is connected to any already-existing
voltage source instead of a new voltage source to accurately
form storage capacitance C_,' which will be described later.
Therefore, the voltage supplied to the common electrode, the
off-level voltages supplied to the gate electrodes of the TFTs
17 as mentioned above and so on are suitable since they are
necessarily supplied to the liquid crystal panel. In this case,
although the terminal 43 is formed on the right hand of the
panel, the terminal may be formed, of course, on the upper
or the lower sides of the panel.

[0061] With this wiring pattern, the storage capacitance
C,, is formed between the pixel electrode and the input wire
314 at the plxel defined by the third row and the second
column as in the second embodiment. In each of the other
three sub-pixels, storage capacitance C,,' which has the
same capacitance as the storage capacitance C,, is formed
between the pixel electrode and the dummy wire 41 because
the pixel electrode and the dummy wire 41 are opposed.
Such storage capacitance C,, or C,,' is formed in each of
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other sub-pixels than said four sub-pixels in a similar
manner, so that the kick-off voltages AV in all the pixels are
substantially equal by pattering the dummy wires 41 in this
way.

[0062] With the liquid crystal display apparatus of this
embodiment, since electrical capacitance in the sub-pixels
are adjusted by providing the dummy wires 41 to form the
storage capacitance C,' in those sub-pixels in which the
storage capacitance C_, are not formed, the effect can be
obtained that the kick-off voltages AV at the sub-pixels are
made substantially equal in addition to the effects of the first
embodiment. Therefore, degradation of image quality such
as a flicker and a burn-in on the liquid crystal panel can be
prevented.

[0063] [Fourth Embodiment]

[0064] FIG. 10 shows an essential structure of a driving
circuit for a liquid crystal display apparatus provided as a
display device according to a fourth embodiment of the
invention. This embodiment relates to a wiring manner in
the case of adjusting capacitance of each pixel by using
dummy wires as in the third embodiment.

[0065] In this embodiment, each dummy wire 41 is pro-
vided in every sub-pixel to extend, for example, in align-
ment with a corresponding input wire 31a from a point after
its junction with the drive wire 315 seen from the side of the
gate line terminal. Each dummy wire 41 is electrically
connected to the drive wire 31b associated with a row which
is the previous one with respect to the row corresponding to
the relevant sub-pixel (i.e. the row in which the correspond-
ing TFT is connected)

[0066] With this wiring pattern, the storage capacitance
C is formed between the pixel electrode and the input wire
314 at the sub- pixel defined by the third row and the second
column, and the storage capacitance C,,' which has the same
capacitance as that of said sub-pixel is formed between the
pixel electrode and the dummy wire 41 at each of the other
three sub-pixels, as in the third embodiment.

[0067] With the liquid crystal display apparatus of this
embodiment, an effect in which degradation of image quality
is prevented can be obtained in addition to the effects of the
first embodiment as in the third embodiment. Further, since
there is no need for providing an extra input wire to supply
voltages to the dummy wires, the apparatus can be a simpler
structure. Moreover, since the dummy wires 41 do not cross
over the drive wires 31b, a possibility that a defect is caused
with a destruction of the insulating layer (FIG. 3) is elimi-
nated, thereby the apparatus with high reliability can be
realized.

[0068] In the fourth embodiment, the gate line terminals
34 are located at the lower part, and each dummy wire 41 is
electrically connected to the drive wire 31b associated with
a row which is the previous one with respect to the row
corresponding to the relevant sub-pixel. However, the gate
line terminals 34 may alternatively be located at the upper
part, and each dummy wire 41 may alternatively be electri-
cally connected to the drive wire 31b associated with a row
which is the next one with respect to the row corresponding
to the relevant sub-pixel. In such a case, a structure of a
circuit is the one in which the circuit shown in FIG. 10 is
turned upside down.
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[0069] [Fifth Embodiment]

[0070] FIG. 11 shows an essential structure of a driving
circuit for a liquid crystal display apparatus provided as a
display device according to a fifth embodiment of the
invention. This embodiment also relates to a wiring manner
in the case of adjusting capacitance of each pixel by using
dummy wires as in the third and the fourth embodiments.

[0071] In the first to fourth embodiments, the storage
capacitance C_; is formed using a so-called C, on-gate
structure in which the storage capacitance is superimposed
on the gate electrode of the TFT 17. In this embodiment,
however, the storage capacitance C_; is formed using a
so-called C,, independent structure in which extra, special
wires (storage capacitance lines 44) are provided. Each
storage capacitance line 44 is provided in every row of the
pixel array to extend in the same direction as the drive wire
315 to which predetermined voltages, such as a voltage to be
supplied to the common electrode and a off-level voltages to
be supplied to the gate electrodes of the TFIs 17, are
supplied.

[0072] Each dummy wire 41 is provided in every sub-
pixel to extend, for example, in alignment with a corre-
sponding input wire 314 from a point after its junction with
the drive wire 315 seen from the side of the gate line
terminal. Each dummy wire 41 is electrically connected to
the storage capacitance line 44 associated with the corre-
sponding row.

[0073] With this wiring patiern, a storage capacitance C,4
is formed between the pixel electrode and the storage
capacitance line 44 at each sub-pixel. The storage capaci-
tance C,, is formed between input wire 31a and the pixel
electrode 13 at the sub-pixel defined by the third row and the
second column, and the storage capacitance C,,' which has
the same capacitance as that of said sub-pixel is formed
between the dummy wire 41 and the pixel electrode 13 at
each of the other three sub-pixels.

[0074] With this embodiment, an effect in which degra-
dation of image quality is prevented can be obtained in
addition to the effects of the first embodiment as in the third
and the fourth embodiments. Moreover, the apparatus with
high reliability can be realized as in the fourth embodiment.

[0075] Although the invention has been described with
reference to the embodiments thereof, it will be understood
that the invention is not limited to the above-mentioned
embodiments but can be modified differently. For example,
the case where the electric connections between the data
lines 32 and the data line IC chip, and the electric connec-
tions between the gate lines 31a, 31 and the gate line IC
chip are provided, respectively, on both sides of the appa-
ratus which oppose to each other via the display portion 10a
of the liquid crystal panel 10 in the vertical direction has
been described in the above-mentioned embodiments. How-
ever, said different electric connections may be provided,
respectively, on both sides or on one side of the apparatus
which oppose to each other via the display portion 10a of the
liquid crystal panel 10 in the horizontal direction.

[0076] Although the case where the gate lines comprise
the input wires 31a and the drive wires 316 has been
described in the above-mentioned embodiments, the gate
lines may not always comprise both wires. For example, as
is diagrammatically shown in FIG. 12, when the gate lines

Aug. 8,2002

31 extend horizontally in the display portion 10q, electrical
connections between the gate lines 31 and the gate line IC
chip may be provided at the upper part of the display portion
104, and gate lines 31 are also adapted to extend horizontally
in the display portion 10z using, for example, a sealed area
105 other than the display portion 10a of the display panel.

[0077] The case where the electric connections associated
with the gate lines and the electric connections associated
with the data lines are provided, respectively, at the positions
opposed via the display portion 10a has been described in
the above-mentioned embodiments. However, these may be
provided on only one side of the pair of opposing edges.

[0078] Although the case where the first wires are the gate
lines and the second wires are the data lines has been
described in the above-mentioned embodiments, the same
holds true for a case where the first wires are the data lines
and the second wires are gate lines.

[0079] Although the TFTs are used as a switching element
in the above-mentioned embodiments, a different kind of the
switching element such as a MOSFET may be used.
Although the storage capacitance C,, are formed in asso-
ciation with the so-called Cq on-gate structure in the first to
fourth embodiments, the storage capacitance C_; may alter-
natively be formed in association with the so-called Cg
independent structure as is described in the fifth embodi-
ment. Moreover, although the above-mentioned embodi-
ments has described the apparatus with a so-called active
matrix driving system in which switching elements are used,
the invention is applicable to an apparatus with a so-called
passive matrix driving system in which switching elements
are not used.

[0080] Although the reflective type liquid crystal panel 10
in which the pixel electrodes have a reflecting function is
used in the above-mentioned embodiments, a liquid crystal
panel with other construction such as a transmissive type
one may alternatively be used. Also, a liquid crystal panel
with a mixed construction of a reflective part and a trans-
missive part (referred to a “transflective type”) may be used.

[0081] Although the case where the opposite substrate 16
is provided with the not-shown color filter has been
described in the above-mentioned embodiments, the color
filter may not be always formed.

[0082] Although the liquid crystal display apparatus is
given as an example of a display device in the above-
mentioned embodiments, the present invention is widely
applicable to a display device with other construction which
has an pixel array arranged in a matrix. Such a display
device may be, for example, a plasma display panel, a field
emission display or an organic electroluminescent display.

1. A display device comprising:

a display portion having at least a pair of opposing edges
and an array of pixels arranged in a matrix;

a group of first wires each formed for a corresponding row
of pixels of the pixel array for supplying a first voltage
to electrodes of the pixels of the corresponding row;

a group of second wires each formed for a corresponding
column of pixels of the pixel array for supplying a
second voltage to electrodes of the pixels of the cor-
responding column;
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first voltage supplying means each electrically connected
to a corresponding one of the first wires for permitting
the first voltage to be supplied thereto; and

second voltage supplying means each electrically con-
nected to a corresponding one of the second wires for
permitting the second voltage to be supplied thereto,

characterized in that electric connections between the first
wires and the first voltage supplying means, and elec-
tric connections between the second wires and the
second voltage supplying means are provided on only
one side or both sides of said pair of opposing edges.
2. A display device as claimed in claim 1, characterized in
that one of the groups of the first wires and the second wires
comprises input wires each having an electric connection
with the corresponding voltage supplying means and drive
wires each electrically connected to said corresponding
voltage supplying means through the corresponding input
wire, the input wires and the other group of the first wires
and the second wires extending in the same direction, the
drive wires extending perpendicularly to the input wires.
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3. Adisplay device as claimed in claim 2, characterized in
that one end of each input wire is an electric connection with
the corresponding voltage supplying means and the other
end is an electric connection with the corresponding drive
wire, dummy wires, for

4. Adisplay device as claimed in claim 3, characterized in
that the dummy wires are connected to further wires which
has the function of supplying a given voltage to the dummy
wires.

5. Adisplay device as claimed in claim 3, characterized in
that the dummy wires are connected to the predetermined
drive wires.

6. A display device as claimed in any one of claims 1 to
5, characterized in that at least part of the electrodes of the
pixels has the function of reflecting an incident light, and a
picture is formed by a reflected light from the electrodes.
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