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(54) Electrooptical panel, method for driving the same, and electronic equipment

(57) The invention seeks to provide a liquid-crystal
panel that presents a high-density wiring while maintain-
ing reliability of the wiring. Odd-numbered scanning
lines 312-1, 312-3,..., 312-199 are connected to a first
wiring group G1 while even-numbered scanning lines
312-2, 312-4,..., 312-200 are connected to a second wir-
ing group G2. Each of the scanning lines 312-1 through
312-200 is supplied with a scanning signal the polarity
of which is inverted every horizontal scanning period.
Among wirings 240 forming the first wiring group G1 and
the second wiring group G2, a line-to-line voltage be-
tween any adjacent wirings becomes zero volts for most
of the time. Degradation of the wirings due to electrolytic
corrosion is controlled even if the spacing between the
wirings is narrowed.
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Description

[0001] The present invention relates to an electroop-
tical panel that allows wirings for supplying signals to a
plurality of scanning lines to be routed at a high density,
a method for driving the electrooptical panel, and elec-
tronic equipment employing the electrooptical panel.
[0002] An active-matrix liquid-crystal panel includes
an element substrate having switching elements which
are respectively connected to pixel electrodes arranged
in a matrix, and a plurality of data lines, to which the
ends of the switching elements are respectively con-
nected, a counter substrate having the scanning lines,
a color filter and the like, and a liquid crystal interposed
between the two substrates.
[0003] A two-terminal non-linear element such as a
thin-film diode (TFD) may be used as a switching ele-
ment in this arrangement. When a voltage above a
threshold voltage of the switching element is supplied
between the data line and the scanning line, the switch-
ing element is turned on, storing a predetermined
charge in a liquid-crystal layer. Subsequent to the stor-
age of charge, a voltage below the threshold voltage is
applied to the switching element, thereby turning off the
switching element, when the resistance of the liquid-
crystal layer is high enough, the charge is maintained in
the liquid-crystal layer. Accordingly, when the quantity
of stored charge is controlled by driving the switching
element, the liquid crystal may change the orientation
state thereof, thereby presenting predetermined infor-
mation. Since the period of time during which the charge
is stored in the liquid-crystal layer in each pixel with a
signal voltage applied to turn on the switching element
is part of the time, selecting the scanning lines in a time-
division manner permits a multiplex driving method in
which each of the scanning lines and the data lines
share a plurality of pixels.
[0004] A plurality of wirings are arranged to supply
each scanning line with the signal voltage in this type of
liquid-crystal panel. The wiring is arranged for each
scanning line, and as the number of scanning lines be-
comes large, the spacing between the wirings needs to
be narrowed.
[0005] A low-resistance material is preferably used for
the wirings from the standpoint of power saving. To this
end, a metal such as chromium is typically used as a
wiring material.
[0006] However, if a metal is used for a wiring mate-
rial, the wiring material is subject to degradation due to
electrolytic corrosion. The deterioration of the wirings
due to electrolytic corrosion becomes serious as the
spacing between the wirings is narrow, and as a line-to-
line voltage between wirings is large. For this reason,
the spacing between the wirings is determined so that
reliability of the panel is not deviated from within a per-
missible range as a result of the deterioration of the wir-
ings due to electrolytic corrosion.
[0007] On the other hand, as the spacing between the

wirings widens, the area of the wirings occupying the
liquid-crystal panel becomes large, leading to a bulky
liquid-crystal panel and a cost increase.
[0008] The present invention has been developed in
view of these problems, and it is an object of the present
invention to provide a liquid-crystal panel that incorpo-
rates high-density wiring while maintaining reliability of
the wiring, and to provide electronic equipment incorpo-
rating the liquid-crystal panel.
[0009] To achieve the above object, an electrooptical
panel of the present invention includes a first substrate
which has a plurality of scanning lines formed thereon,
a second substrate which is opposed to the first sub-
strate with a constant gap maintained therebetween,
and has a plurality data lines, and switching elements
and pixel electrodes, with each of the switching ele-
ments and pixel electrode arranged at each intersection
of the scanning lines and the data lines, and an elec-
trooptical material interposed between the first sub-
strate and the second substrate. The electrooptical pan-
el further includes a first wiring group arranged close to
one edge of the electrooptical panel, and a second wir-
ing group arranged close the edge opposed to the one
edge of the electrooptical panel. The scanning lines are
alternately connected to the first wiring group and the
second wiring group by K lines by K lines (K is a natural
number) in a manner such that first K scanning lines are
connected to the first wiring group, second K scanning
lines are connected to the second wiring group, third K
scanning lines are connected to the first wiring group
and so on. The scanning lines are successively selected
for each horizontal scanning period so that the selected
scanning line is supplied with a selection voltage, and
is then supplied with a non-selection voltage, and the
polarities of the selection voltage and the non-selection
voltage are inverted every K horizontal scanning periods
with respect to an intermediate value, between a lighting
voltage and a non-lighting voltage, supplied to the data
line.
[0010] In accordance with the present invention, each
scanning line is alternately supplied with the selection
voltage and the non-selection voltage, each inverted
every K horizontal-scanning periods. Since the scan-
ning lines are alternately connected to the first wiring
group and the second wiring group K lines by K lines,
the polarities of the scanning signals supplied to the wir-
ings coincide with each other. The line-to-line voltage
between the wirings remain zero for most of the time,
thereby controlling the degradation of the wirings due to
electrolytic corrosion. As a result, reliability is main-
tained while the wiring spacing is narrowed. The wiring
area occupying the electrooptical panel is thus de-
creased, implementing compact and light-weight design
in the panel.
[0011] Preferably, the electrooptical panel further in-
cludes a sealing member arranged between the first
substrate and the second substrate on the inner surfac-
es thereof close to and along the peripheral edges there-
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of, wherein the first wiring group includes a plurality of
wirings arranged on the second substrate and close to
the one edge of the panel, and a first conductor portion,
arranged in the sealing portion, for respectively connect-
ing a plurality of scanning lines, out of the scanning lines,
corresponding to the first wiring group, with the plurality
of wirings, and the second wiring group includes a plu-
rality of wirings arranged on the second substrate and
close to the edge opposed to the one edge of the panel,
and a second conductor portion, arranged in the sealing
portion, for respectively connecting a plurality of scan-
ning lines, out of the scanning lines, corresponding to
the second wiring group, with the plurality of wirings. In
this arrangement, the area of the second substrate is
reduced, implementing compact and light-weight design
in the electrooptical panel.
[0012] In the electrooptical panel above mentioned,
the first wiring group may include a plurality of wirings
which is connected to a plurality of scanning lines, out
of the scanning lines corresponding to the first wiring
group, and which is arranged on the first substrate and
close to the one edge of the panel, and the second wiring
group may include a plurality of wirings which is con-
nected to a plurality of scanning lines, out of the scan-
ning lines, corresponding to the second wiring group,
and which is arranged on the first substrate and close
to the edge opposed to the one edge of the panel. In
this arrangement, the area of the second substrate is
reduced, implementing compact and light-weight design
in the electrooptical panel.
[0013] The electrooptical panel preferably includes a
first scanning line driving section for supplying the scan-
ning lines connected to the first wiring group with a scan-
ning signal, and a second scanning line driving section
for supplying the scanning lines connected to the sec-
ond wiring group with a scanning signal. Furthermore,
the electrooptical panel preferably includes a data line
driving section for supplying the data lines with a signal
voltage, wherein the first scanning line driving section,
the second scanning line driving section, and the data
line driving section are encapsulated into a single-chip
integrated circuit. Since a driving circuit may be mount-
ed on the electrooptical panel in this arrangement,
equipment incorporating the electrooptical panel may
be made compact.
[0014] Preferably, the switching element is a two-ter-
minal switching element and has a structure of conduc-
tor-insulator-conductor. The switching element can be
a three-terminal switching element such as a transistor.
However, since the three-terminal switching element re-
quires that the scanning line and the data line intersect
each other on one substrate, the possibility of a short-
circuit between the lines increases, and the manufac-
turing process of the panel becomes complex. In con-
trast, theoretically, the two-terminal switching element
is advantageously free from a shortcircuit between the
wirings. Since the two-terminal switching element has
the structure of conductor/insulator/conductor, one of

the conductors may be used as a data line. The insulator
may be formed by oxidizing this conductor itself. There-
fore, the manufacturing process is simplified.
[0015] A driving method of the present invention
drives an electrooptical panel which includes a first sub-
strate which has a plurality of scanning lines formed
thereon, a second substrate which is opposed to the first
substrate with a constant gap maintained therebetween,
and has a plurality data lines, and switching elements
and pixel electrodes, with each of the switching ele-
ments and pixel electrode arranged at each intersection
of the scanning lines and the data lines, and an elec-
trooptical material interposed between the first sub-
strate and the second substrate, a first wiring group ar-
ranged close to one edge of either the first substrate or
the second substrate, and a second wiring group ar-
ranged on either the first substrate or the second sub-
strate close to the edge opposed to the one edge,
wherein the scanning lines are alternately connected to
the first wiring group and the second wiring group, by K
lines by K lines (K is a natural number) in a manner such
that first K scanning lines are connected to the first wir-
ing group, second K scanning lines are connected to the
second wiring group, third K scanning lines are connect-
ed to the first wiring group, and so on. In the driving
method of the electrooptical panel, the scanning lines
are successively selected for each horizontal scanning
period so that the selected scanning line is supplied with
a selection voltage, and the polarity of the selection volt-
age is inverted every K horizontal scanning periods with
respect to an intermediate value, between a lighting volt-
age and a non-lighting voltage, supplied to the data line.
In this driving method, the polarities of the scanning sig-
nals supplied to the respective wiring groups agree with
each other, and the line-to-line voltage between the ad-
jacent wirings remains at zero volts for most of the time.
Damage of the wirings due to electrolytic corrosion is
thus controlled. As a result, the wiring spacing is nar-
rowed while reliability is maintained. The wiring area of
the electrooptical panel is decreased, thereby imple-
menting compact and light-weight designs in the elec-
trooptical panel.
[0016] Electronic equipment of the present invention
includes the electrooptical panel. The electronic equip-
ment thus becomes compact and lightweight while
maintaining reliability, as described above.
[0017] Embodiments of the present invention will now
be described by way of further example only and with
reference to the accompanying drawings, in which:-

FIG. 1 is a block diagram showing an electrical con-
struction of a display device of a first embodiment
of the present invention.
FIG. 2 is a perspective view showing the construc-
tion of a liquid-crystal panel of the display device.
FIG. 3 is a cross-sectional view partly showing the
liquid-crystal panel and a backlight unit, taken in the
X direction.

3 4



EP 1 197 945 A2

4

5

10

15

20

25

30

35

40

45

50

55

FIG. 4 is a perspective view showing a portion of
the liquid-crystal panel with a part thereof broken
away.
FIG. 5 is a diagram showing the concept of a wiring
structure to connect a scanning line to a Y driver in
the liquid-crystal panel.
FIG. 6 is a perspective view partly showing in detail
pixels of an element substrate in the liquid-crystal
panel.
FIG. 7 is a block diagram showing the construction
of the Y driver.
FIG. 8 is a timing diagram showing waveform ex-
amples of the liquid-crystal panel in a four-value
driving method (with 1H selection duration and 1H
inverted-level duration).
FIG. 9 is a timing diagram showing waveform ex-
amples of the liquid-crystal panel of the second em-
bodiment in a four-value driving method (with 1H
selection duration and 2H inverted-level duration).
FIG. 10 shows the concept of the wiring structure
of the liquid-crystal panel.
FIG. 11 is a perspective view of the external appear-
ance of the liquid-crystal panel as a modification of
each of the embodiments of the present invention.
FIG. 12 is a perspective view showing the construc-
tion of a personal computer as one example of elec-
tronic equipment that incorporates the display de-
vice of each of the embodiments of the present in-
vention.
FIG. 13 is a perspective view showing the construc-
tion of a mobile telephone as one example of the
electronic equipment that incorporates the display
device of each of the embodiments of the present
invention.
FIG. 14 is a perspective view showing the construc-
tion of a digital still camera as one example of the
electronic equipment that incorporates the display
device of each of the embodiments of the present
invention.

[0018] The embodiments of the present invention will
now be discussed, referring to the drawings.
[0019] The electrical construction of a display device
100 of a first embodiment of the present invention will
be discussed. FIG. 1 is a block diagram showing the
electrical construction of the display device 100. As
shown, the display device 100 includes a plurality of da-
ta lines (segment electrodes) 212 extending in the di-
rection of columns (in the Y direction), a plurality of scan-
ning lines (common electrodes) 312 extending in the di-
rection of rows (in the X direction), and a pixel 116 ar-
ranged at each intersection of the data lines 212 and the
scanning lines 312. Each scanning line 312 is suffixed
with a number to identify from the other scanning lines.
For example, a scanning line 312-2 represents a second
scanning line.
[0020] Each pixel 116 includes a serial connection of
a liquid-crystal capacitor 118 and a TFD (Thin-Film Di-

ode) 220 as one example of a switching element. As will
be discussed later, the liquid-crystal capacitor 118 is
constructed of a liquid crystal as one example of the
electrooptical material interposed between the scanning
line 312 functioning as a counter electrode and a pixel
electrode. In this embodiment, for simplicity of explana-
tion, the total number of the scanning lines 312 is 200,
the total number of the data lines 212 is 160, and a dis-
play device of a matrix of 200 rows by 160 columns is
considered. However, the present invention is not limit-
ed to this arrangement.
[0021] The display device 100 is a transflective panel.
When the light intensity of external light is high, the dis-
play device 100 functions as a reflective-type panel.
When the light intensity is low, the display device 100
functions as a transmissive-type panel. A backlight unit
BL shown in FIG. 1 functions as a light source when the
display device 100 is used as a transmissive panel.
[0022] A Y driver 350, typically referred to as a scan-
ning line driving circuit, supplies scanning lines 312 re-
spectively with scanning signals Y1, Y2,..., Y200. The
Y driver 350 of this embodiment selects one of the scan-
ning lines 312 for each horizontal scanning period and
supplies the selected scanning line 312 with the selec-
tion voltage. The Y driver 350 supplies the scanning line
312 with a non-selection voltage (a hold voltage) during
a non-selection period (a hold period).
[0023] An X driver 250, typically referred to as a data
line driving circuit, supplies pixels 116 corresponding to
the scanning line 312 selected by the Y driver 350 with
data signals X1, X2,..., X160 through the corresponding
data lines 212 in accordance with a display content. The
construction of the Y driver 350 will be discussed in de-
tail later.
[0024] A control circuit 400 supplies the X driver 250
and the Y driver 350 with a variety of control signals and
clock signals to be discussed later to control the X driver
250 and the Y driver 350. A driving voltage generator
circuit 500 generates voltages of ±VD/2, any of which
serves as the data signal and the non-selection voltage
of the scanning signal, and voltages of ±VS serving as
the selection voltage of the scanning signal. Although
the data signal and the non-selection voltage of the
scanning signal are the same voltage in this embodi-
ment, the data signal and the non-selection voltage may
be set to be different. A power source circuit 600 feeds
power to the backlight unit BL, the control circuit 400,
and the driving voltage generator circuit 500.
[0025] In this embodiment, the polarities of the volt-
ages supplied to the scanning lines 312 and the data
lines 212 are determined with respect to the intermedi-
ate voltage ±VD/2, applied to the data line 212. A volt-
age above the intermediate voltage is regarded as pos-
itive and a voltage below the intermediate voltage is re-
garded as negative.
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<1-2: Mechanical Construction>

[0026] The mechanical construction of the display de-
vice 100 of this embodiment will now discussed. FIG. 2
is a perspective view generally showing the construction
of the display device 100. As shown, the display device
100 includes an element substrate 200 to the viewer
side thereof and a counter substrate 300 on the opposite
side thereof. The above-discussed X driver 250, and Y
drivers 350a and 350b are mounted on the element sub-
strate 200 using the COG (Chip On Glass) technology.
The Y driver 350 in Fig.1 is divided into the Y drivers
350a and 350b in two IC packages as shown in Fig.2.
The combined function of these drivers is identical to the
function of the Y driver 350.
[0027] An FPC (Flexible Printed Circuit) board 150 is
bonded to an area of the element substrate 200, exter-
nal to the mounting location of the X driver 250, and sup-
plies the Y drivers 350a and 350b and the X driver 250
with a variety of control signals and voltage signals from
the control circuit 400 and the driving voltage generator
circuit 500 (see FIG. 1 for these circuits).
[0028] Instead of respectively mounting the X driver
250 and the Y driver 350 on the element substrate 200
by using the COG technology, a TCP (Tape Carrier
Package) having each driver mounted thereon may be
electrically and mechanically connected to the substrate
through an anisotropically conductive film arranged at a
predetermined location on the substrate using the TAB
(Tape Automated Bonding).
[0029] FIG. 3 is a cross-sectional view partially show-
ing the liquid-crystal panel 100 and the backlight unit
BL, taken along a line running in the X direction. FIG. 4
is a perspective view partially showing the liquid-crystal
panel 100. Referring to FIG. 3 and FIG. 4, the element
substrate 200 is up and the counter substrate 300 is
down.
[0030] As shown, the liquid-crystal panel 100 includes
the element substrate 200, and the counter substrate
300, both of which are glued, with a constant gap main-
tained therebetween, to each other with a sealing mem-
ber 110 into which electrically conductive particles (elec-
trically conductive members) 114 serving as a spacer
are mixed. An STN (Super Twisted Nematic) type liquid
crystal 160 is encapsulated into the gap. The sealing
member 110 is formed in a frame configuration along
and close to the edge of either the element substrate
200 or the counter substrate 300 as shown in FIG. 2. To
introduce the liquid crystal 160, part of the sealing mem-
ber 110 is opened. After encapsulating the liquid crystal,
the opening is closed with a sealant 112.
[0031] Referring to FIG. 3 and FIG. 4, a reflector 301
having apertures 302 is formed on the counter surface
of the counter substrate 300. The material of the reflec-
tor 301 is aluminum, APC (Ag, Pt, Cu), or the like. The
APC is an alloy containing 98% weight percent silver
with the remaining metals being platinum and copper,
and offers a reflectance higher than that of aluminum.

The reflector 301 reflects external light beams entering
from the outer side (from the viewer side) of the element
substrate 200.
[0032] A striped color filter 303 is formed on the inner
surface of the reflector 301. The color filter 303 is parti-
tioned by a black matrix 304 to prevent color mixing be-
tween the pixels and to block light.
[0033] The scanning lines 312, fabricated of an elec-
trically conductive, transparent member such as an ITO
(Indium Tin Oxide), is formed on the inner surface of the
color filter 304. The scanning lines 312 extend in the
direction of rows (in the X direction). An alignment layer
(not shown) is formed on the inner surface of the scan-
ning lines 312, and is subjected to a rubbing process in
a predetermined direction. A retardation film 305 and a
polarizer 306 are laminated on the outer surface (on the
backlight side) of the counter substrate 300. The ab-
sorption axis of the polarizer 306 is set to correspond to
the direction of the rubbing process of the alignment lay-
er. The retardation film 305 is used for color correction.
[0034] The scanning line 312 is electrically connected
to a wiring 240 through an electrically conductive mem-
ber 114 in the sealing member 110. Through the wiring
240, the scanning signal is supplied to the scanning line
312 from the outside. The material of the wiring 240 may
be an electrically conductive member such as chromium
or ITO. To lower resistance of the wiring 240, a metal is
used here.
[0035] A rectangular pixel electrode 234 is arranged
in the vicinity of the data line 212 running in the Y direc-
tion (in the direction of columns) on the counter surface
of the counter substrate 300. Arranged on these ele-
ments is an alignment layer (not shown) which is sub-
jected to a rubbing process in a predetermined direction.
The pixel electrode 234 is fabricated of an electrically
conductive, transparent member such as ITO.
[0036] A retardation film 205 and a polarizer 206 are
laminated on the outer surface (on the viewer side) of
the element substrate 200. The absorption axis of the
polarizer 206 is set to correspond to the direction of the
rubbing process to the alignment layer. The backlight
unit BL is arranged on the outer surface of the counter
substrate 300 to emit uniform light rays.
[0037] FIG. 5 shows a concept of a wiring structure
for connecting the scanning line to the Y drivers 350a
and 350b. FIG. 5 is obtained by lifting the left-hand edge
of the element substrate 200 with the right-hand edge
of the element substrate 200 fixed to pivot the liquid-
crystal panel 100 shown in FIG. 2 about the left-hand
edge thereof by 180 degrees.
[0038] As shown, the scanning lines 312 are interdig-
itally arranged with odd-numbered scanning lines 312
extending from the right-hand side and even-numbered
scanning lines 312 extending from the left-hand side.
[0039] Specifically, odd-numbered scanning lines
312-1, 312-3,..., 312-199 are connected to the first wir-
ing group G1 on the right-hand side portion of the seal-
ing member 110 (a first conductor portion). The first wir-
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ing group G1 is routed near and along the right-hand
side edge of the element substrate 200 and is then con-
nected to the Y driver 350a. On the other hand, even-
numbered scanning lines 312-2, 312-4,..., 312-200 are
connected to the second wiring group G2 on the left-
hand side portion of the sealing member 110 (a second
conductor portion). The second wiring group G2 is rout-
ed near and along the left-hand side edge of the element
substrate 200 and is then connected to the Y driver 350.
[0040] The spacing between wirings 240 forming the
first wiring group G1 and the second wiring group G2 is
determined taking into consideration of degradation due
to electrolytic corrosion. The size of electrolytic corro-
sion taking place in the wirings becomes large as the
spacing between the wirings becomes short and as the
voltage between the wirings becomes high. In this em-
bodiment, in any given frame, the scanning signals are
generated so that the scanning signal supplied to the
first wiring group G1 is positive while the scanning signal
supplied to the second wiring group G2 is negative. As
will be discussed in detail later, this arrangement allows
the line-to-line voltage between the wirings to remain
equal for most of the time except the selection period of
each scanning line, thereby preventing the wirings from
being electrolytically corroded. The spacing between
the wirings is thus narrowed, allowing the wirings to be
routed at a high density.

<1-3: Detail Construction of the Element Substrate>

[0041] The detail construction of the pixel 116 in the
element substrate 200 will now be discussed. FIG. 6 is
a partial perspective view of the pixel 116. Referring to
FIG. 6, a matrix of rectangular pixel electrodes 234, fab-
ricated of an electrically conductive, transparent mem-
ber such as ITO, is arranged on the inner surface of the
element substrate 200, and 200 pixel electrodes 234 in
the same column are commonly connected to a single
data line 212 via respective TFDs 220. The TFD 220 is
fabricated of tantalum or a tantalum-based alloy, if
viewed from the substrate, and includes a first conductor
222 that is branched off from the data line 212 in a T-
shaped configuration, an insulator 224 that is formed by
anodically oxidizing the first conductor 222, and a sec-
ond conductor 226 fabricated of chromium, or the like.
The TFD 220 thus has a sandwich structure of conduc-
tor-insulator-conductor. The TFD 220 therefore has di-
ode switching characteristics that are non-linear cur-
rent-voltage curves in both positive and negative direc-
tions.
[0042] The insulator 201 formed on the top surface of
the element substrate 200 has transparent and insulat-
ing properties. The use of the insulator 201 is intended
to prevent the first conductor 222 from peeling off in a
heat treatment subsequent to the deposition of the sec-
ond conductor 226, and to prevent impurities from dif-
fusing into the first conductor 222. When the peeling of
the first conductor 222 and the diffusion of the impurities

are not problematic, the insulator 201 may be dispensed
with.
[0043] As already discussed, the scanning line 312,
fabricated of the ITO or the like, is formed on the inner
surface of the counter substrate 300 and extends in a
direction perpendicular to the data line 212. The scan-
ning line 312 is opposed to the pixel electrode 234. In
this arrangement, the scanning line 312 serves as a
counter electrode against the pixel electrode 234. Re-
ferring to FIG. 1, the liquid-crystal capacitor 118 is thus
constructed of the scanning line 312, the pixel electrode
234, and the liquid crystal 160 interposed between the
scanning line 312 and the pixel electrode 234, at each
intersection of the data line 212 and the scanning line
312.

<1-4: Control Circuit>

[0044] The control circuit 400 shown in FIG. 1 gener-
ates the following control signals and clock signals. A
start pulse YD, generated first by the control circuit 400,
is output at the beginning of one vertical scanning period
(one frame) as shown in FIG. 8. A clock signal YCLK is
a reference signal for the scanning lines, and has a pe-
riod 1H corresponding to one horizontal scanning period
as shown in FIG. 8. An alternating driving signal MY dic-
tates the polarity of the selection voltage for the scan-
ning signal, and is inverted in level every one horizontal
scanning period 1H.

<1-5: Detail Construction of the Y Driver>

[0045] The Y driver 350 will now be discussed in de-
tail. FIG. 7 is a block diagram showing the construction
of the Y driver 350. As shown, a shift register 3502 is a
shift register of 200 bits corresponding to the total
number of scanning lines 312. The shift register 3502
shifts the start pulse YD supplied, at the beginning of
one vertical scanning period, in response to the clock
signal YCLK having the period equal to one horizontal
scanning period 1H, thereby successively outputting
transfer signals YS1, YS2,..., YS200. The transfer sig-
nals YS1, YS2,..., YS200 respectively correspond to a
first row, a second row, ..., a 200-th row of the scanning
lines 312 in a one-to-one correspondence. When the
transfer signal is driven to a high level, the correspond-
ing scanning line 312 is selected.
[0046] A voltage selecting signal generator circuit
3504 generates a voltage selecting signal, which is sup-
plied to each scanning line 312, in response to the al-
ternating driving signal MY and the transfer signals YS1,
YS2,..., YS200. In this embodiment, as already dis-
cussed, the voltages of the scanning signals applied to
the scanning lines 312 are four voltages: +VS (a positive
side selection voltage), +VD/2 (a positive side non-se-
lection voltage), -VS (a negative side non-selection volt-
age), and -VD/2 (a negative side selection voltage). The
non-selection voltage is +VD/2 after the selection volt-
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age of +VS was supplied, and is -VD/2 after the selec-
tion voltage of -VS was supplied. The non-selection volt-
age is thus dictated by an immediately prior selection
voltage.
[0047] When any of the transfer signals YS1, YS2,...,
YS200 are driven to a high level and the selection of the
corresponding scanning line 312 is commanded, the
voltage level of the scanning signal to the corresponding
scanning line 312 is set to be a selection voltage corre-
sponding to the polarity matching the signal level of the
alternating driving signal MY by the voltage selection
signal generator circuit 3504. When any of the transfer
signals YS1, YS2,..., YS200 is driven to a low level, the
non-selection of the corresponding scanning line 312 is
commanded. The voltage level of the scanning signal of
the corresponding scanning line 312 is set to be a non-
selection voltage having the same polarity as that of the
immediately prior selection voltage.
[0048] A level shifter 3506 enlarges the voltage am-
plitude of the voltage selecting signal output from the
voltage selecting signal generator circuit 3504. A selec-
tor 3508 selects a voltage which is indicated by the volt-
age selecting signal, the amplitude of which is enlarged
by the level shifter 3506, and the selector 3508 applies
the voltage to each of the corresponding scanning lines
312.

<1-6: Driving Method>

[0049] The driving method of driving the liquid-crystal
panel 100 will now be discussed. A four-value driving
method (with 1H selection period and 1H level-inverted
period) as an example is here discussed. FIG. 8 is a
waveform diagram of the four-value driving method. In
this driving method, after the selection voltage of +VS
was applied for one horizontal scanning period 1H as a
scanning signal Yj (j is a natural number within a range
from 1 to 200), the non-selection voltage of +VD/2 is ap-
plied and held for a hold period. After time elapse of one
vertical scanning period (one frame) 1V from the prior
selection, the selection voltage of -VS is applied, and
then, the non-selection voltage of -VD/2 is applied and
held for a hold period. This series of steps is repeated.
On the other hand, one of the voltages ±VD/2 is applied
as a data signal Xi. When the selection voltage of +VS
as a scanning signal Yj is applied to one scanning line,
the selection signal -VS as a scanning signal Yj+1 is ap-
plied to the next scanning line. In this way, the polarity
of the selection voltage is inverted every horizontal
scanning period 1H.
[0050] In the four-value driving method (with the 1H
selection period and 1H level-inverted period), the volt-
age of the data signal Xi is -VD/2 to present an ON dis-
play (a black display in the normally white mode, for ex-
ample) on the pixel 116 when the selection voltage +VS
is applied and is +VD/2 to present an OFF display (a
white display in the normally white mode) on the pixel
116. When the selection voltage -VS is applied, the volt-

age of the data signal Xi is +VD/2 to present an ON dis-
play on the pixel 116, and is -VD/2 to present an OFF
display on the pixel 116.
[0051] As already discussed, the odd-numbered
scanning lines 312-1, 312-3,..., 312-199 are connected
to the first wiring group G1, while the even-numbered
scanning lines 312-2, 312-4,..., 312-200 are connected
to the second wiring group G2. Now considered are the
scanning signals Y1 and Y3, as the scanning signals
supplied to two adjacent wirings 240 among the wirings
240 constituting the first wiring group G1. As shown in
FIG. 8, at an n-th frame, the scanning signals Y1 and
Y3 are different in signal level within 3H periods from
time t0 to time t3, but are at the same signal level equal
to +VD/2 for the remaining period of time.
[0052] The scanning signals Y2 and Y4 are different
in signal level within 3H periods from time t1 to time t4,
but are at the same signal level equal to -VD/2 for the
remaining period of time. The scanning signals Y2 and
Y4 are respectively supplied to two adjacent wirings
among the wirings constituting the second wiring group
G2.
[0053] In this embodiment, the polarity of the selection
voltage is inverted every horizontal scanning period 1H.
The odd-numbered scanning lines 312-1, 312-3,...,
312-199 are routed to be connected to the first wiring
group G1, and the even-numbered scanning lines
312-2, 312-4,..., 312-200 are routed to be connected to
the second wiring group G2. The voltages of the adja-
cent wirings among the wirings 240 forming each of the
first wiring group G1 and the second wiring group G2
are equalized for most of the time. For this reason, elec-
trolytic corrosion of the wirings 240 is substantially re-
duced, and the spacing between the wirings is nar-
rowed. The lateral extension areas of the element sub-
strate 200 extending beyond the side edges of the coun-
ter substrate 300 are thus narrowed. The area of the
liquid-crystal panel 100 can be reduced, thereby allow-
ing compact, light-weight and low-cost designs to be im-
plemented.

<2. Second Embodiment>

[0054] The liquid-crystal device of a second embodi-
ment of the present invention will be now discussed. The
electrical construction of the liquid-crystal device re-
mains the same as that of the first embodiment shown
in FIG. 1, except that a control circuit 400' is substituted
for the control circuit 400. Although the control circuit
400 in the first embodiment generates the alternating
driving signal MY having the period equal to one hori-
zontal scanning period 1H as shown in FIG. 8, the con-
trol circuit 400' in the second embodiment generates a
alternating driving signal MY' having the period equal to
two horizontal scanning periods 2H. This is the differ-
ence between the control circuit 400 and the control cir-
cuit 400'. Specifically, the liquid-crystal device of the
second embodiment inverts the polarity of each of the
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scanning signals Y1, Y2,..., Y200 every two horizontal
scanning periods 2H.
[0055] FIG. 9 is a waveform diagram showing the
scanning signals Y1, Y2, Y3, Y4,..., Y200 and a data
signal Xi applied to the pixels 116 in the four-value driv-
ing method (with 1H selection period and 2H inverted-
level period) in the second embodiment. As shown, the
alternating driving signal MY' has the period of two hor-
izontal scanning periods 2H, and remains at a high level
from time t0 to time t2, and remains at a low level from
time t2 to time t4. As already discussed, the voltage se-
lecting signal generator circuit 3504 (see FIG. 7) sets,
to the selection voltage of the polarity matching the sig-
nal level of the alternating driving signal MY', the voltage
level of the scanning signal to the scanning line 312 se-
lected in response to the transfer signals YS1, YS2,...,
YS200.
[0056] At an n-th frame, the polarity of the scanning
signals Y1 and Y2 are positive while the scanning sig-
nals Y3 and Y4 are negative, as already discussed.
[0057] When the polarity of the scanning signal is in-
verted on every predetermined plural number of scan-
ning lines, the line-to-line voltage between the adjacent
wirings cannot be set to be about zero if the scanning
lines are interdigitally arranged to be alternately con-
nected to the first wiring group G1 and the second wiring
group G2 as discussed in the first embodiment.
[0058] In this embodiment, therefore, the scanning
lines are selected from between the first wiring group
G1 and the second wiring group G2, depending on the
polarity of the scanning signal corresponding to the
scanning line. FIG. 10 is a conceptual diagram showing
the wiring structure of the liquid-crystal panel used in
the second embodiment. As shown, the scanning lines
312 are alternately connected to the first wiring group
G1 and the second wiring group G2 on a two lines by
two lines basis in a manner such that first two scanning
lines are connected to the first wiring group G1, the sec-
ond two scanning lines are connected to the second wir-
ing group G2, and so on.
[0059] For example, the scanning signals Y1 and Y2
are fed to the wirings 240 respectively leading to the
scanning line 312-1 and the scanning line 312-2 in the
first wiring group G1. As shown in FIG. 9, the scanning
signals Y1 and Y2 remain the same in level except a
duration from time t0 to t2 in an n-th frame. In other
words, the line-to-line voltage between the adjacent wir-
ings 240 is set to be zero for most of the time.
[0060] Since the second embodiment substantially
reduces electrolytic corrosion of the wiring 240 as much
as the first embodiment does, the spacing between the
wirings is narrowed. As a result, the right-hand side and
left-hand side lateral areas of the element substrate 200
extending beyond the side edges of the counter sub-
strate 300 are narrowed. The overall area of the liquid-
crystal panel 100 is thus narrowed, allowing compact,
light-weight, and low-cost designs to be implemented.

<3. Modifications>

[0061]

(1) The polarity of the selection voltage is inverted
every horizontal scanning period in the first embod-
iment, and the polarity of the selection voltage is in-
verted every two horizontal scanning periods in the
second embodiment. The present invention is not
limited to these arrangements. The polarity of the
selection voltage may be inverted every three or
more number of horizontal scanning periods. More
generally, when the scanning lines 312 are succes-
sively selected and supplied with the selection volt-
age every horizontal scanning period, and the po-
larity of the selection voltage is inverted with respect
to the intermediate value between the lighting volt-
age and the non-lighting voltage, applied to the data
line 212, every K horizontal scanning periods (K is
a natural number), the scanning lines 312 are alter-
nately connected to the first wiring group G1 and
the second wiring group G2 by K lines by K lines.
(2) The Y driver 350 in each of the preceding em-
bodiments is formed of two chip ICs. Alternatively,
the X driver 250 and the Y driver 350 may be built
into a single chip integrated circuit W as shown in
FIG. 11.
(3) In each of the above embodiments, the trans-
flective type liquid-crystal panel 100 has been de-
scribed as an example. The feature of the present
invention lies in the relationship between the wiring
structure of the scanning lines 312 and the polarity
of the scanning signal. Therefore, the liquid-crystal
panel 100 may be a transmissive type panel which
employs the backlight only as a light source, or may
be a reflective type panel which employs external
light only as a light source.
(4) In each of the above embodiments, the scanning
lines 312 arranged on the counter substrate 300 are
respectively connected to the first wiring group G1
and the second wiring group G2 on the element
substrate 200, through the sealing member 110.
The present invention is not limited to this arrange-
ment. The first wiring group G1 and the second wir-
ing group G2 may be arranged on the counter sub-
strate 300. In this case, the Y driver 350 may be
arranged on the counter substrate 300 and the X
driver 250 may be arranged on the element sub-
strate 200, with one FPC board 150 connected to
each substrate. Alternatively, the data lines 212
may be routed to the X driver 250 by arranging the
X driver 250 on the counter substrate 300 and by
connecting the two substrates via the sealing mem-
ber 110.

<5. Electronic Equipment>

[0062] Electronic equipment incorporating the display
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device of each of the preceding embodiments will now
be discussed.

<Electronic Equipment 1: Mobile Computer>

[0063] Discussed here is a case where the display de-
vice is incorporated as a display unit in a mobile person-
al computer 1100. FIG. 12 is a perspective view showing
the construction of the personal computer 1100. As
shown, the personal computer 1100 includes a main unit
1104 with a keyboard 1102, and a liquid-crystal panel
100 as a display unit. Although a backlight unit BL is
arranged behind the liquid-crystal panel 100 to enhance
visibility of an image, the backlight unit BL is not shown
in FIG. 12 because it does not appear in the external
view of the mobile computer 1100.

<Electronic Equipment 2: Mobile Telephone>

[0064] Discussed here is an example in which the dis-
play device is incorporated as a display unit in a mobile
telephone 1200. FIG. 13 is a perspective view showing
the construction of the mobile telephone 1200. As
shown, the mobile telephone 1200 includes a plurality
of control buttons 1202, an ear piece 1204, a mouth
piece 1206, and the liquid-crystal panel 100. To assure
visibility of an image, a backlight unit BL is arranged be-
hind the liquid-crystal panel 100. The backlight unit BL
is not shown in FIG. 13, because it does not appear in
the external view of the mobile telephone 1200. As al-
ready discussed, since the liquid-crystal panel 100 in-
corporates the narrow area element substrate 200, the
liquid-crystal panel 100 is appropriate for use in equip-
ment such as the mobile telephone 1200 which requires
compact and light-weight designs.

<Electronic Equipment 3: Digital Still Camera>

[0065] Discussed next is a digital still camera 1300
that incorporates the above-referenced display device
as a view finder. FIG. 14 is a perspective view showing
the construction of the digital still camera 1300 and the
main connection thereof with an external device.
[0066] In contrast with a general silver-film camera
that exposes a film to an optical image of an object, the
digital still camera 1300 generates a video signal by
photoelectrically converting an optical image of an ob-
ject through an image pickup device such as a CCD
(Charge-Coupled Device). The above-referenced liq-
uid-crystal panel 100 is mounted on the back of a case
1302 of the digital still camera 1300. The liquid-crystal
panel 100 functions as a view finder to display the image
of the object. Arranged on the front of the case 1302
(behind the case 1302 in FIG. 14) is a photosensitive
unit 1304 including an optical lens and the CCD.
[0067] When a photographer presses a shutter button
1306 after recognizing the image of an object displayed
on the liquid-crystal panel 100, the image taken by the

CCD at the moment is transferred to and stored in a
memory on a circuit board 1308. The digital still camera
1300 is provided on the side of the case 1302 with a
video signal output terminal 1312 and an input/output
terminal 1314 for data exchange. As shown, as re-
quired, a television monitor 1320 is connected to the vid-
eo signal output terminal 1312, and a personal computer
1330 is connected to the input/output terminal 1314 for
data exchange. In response to predetermined opera-
tional steps, the video signal stored in the memory of
the circuit board 1308 is output to the television monitor
1320 and the personal computer 1330.
[0068] Besides the personal computer shown in FIG.
12, the mobile telephone shown in FIG. 13, and the dig-
ital still camera shown in FIG. 14, the electronic equip-
ment of the present invention may be any of a diversity
of electronic equipment including a liquid-crystal display
television, a viewfinder type or direct monitoring type
video cassette recorder, a car navigation system, a pag-
er, an electronic pocketbook, an electronic tabletop cal-
culator, a word processor, a workstation, a video phone,
a POS terminal, and an apparatus having a touch panel.
It should be understood that these pieces of electronic
equipment may incorporate the above-referenced dis-
play device.
[0069] As described above, in accordance with the
present invention, the line-to-line voltage between the
adjacent wirings, among the wirings constituting each
wiring group, becomes substantially zero volts. Degra-
dation of the wirings due to electrolytic corrosion is con-
trolled even if the spacing between the wirings is nar-
rowed

Claims

1. An electrooptical panel comprising a first substrate
which has a plurality of scanning lines formed ther-
eon, a second substrate which is opposed to the
first substrate with a constant gap maintained ther-
ebetween, and has a plurality data lines, and
switching elements and pixel electrodes, with each
of the switching elements and pixel electrode ar-
ranged at each intersection of the scanning lines
and the data lines, and an electrooptical material
interposed between the first substrate and the sec-
ond substrate,

wherein the electrooptical panel further com-
prises a first wiring group arranged close to one
edge of the electrooptical panel, and
a second wiring group arranged close to the
edge opposed to the one edge of the electroop-
tical panel, and
wherein the scanning lines are alternately con-
nected to the first wiring group and the second
wiring group, by K lines by K lines (K is a natural
number) in a manner such that first K scanning
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lines are connected to the first wiring group,
second K scanning lines are connected to the
second wiring group, third K scanning lines are
connected to the first wiring group, and so on,
the scanning lines are successively selected for
each horizontal scanning period so that the se-
lected scanning line is supplied with a selection
voltage, and is then supplied with a non-selec-
tion voltage, and the polarities of the selection
voltage and the non-selection voltage are in-
verted every K horizontal scanning periods with
respect to an intermediate value, between a
lighting voltage and a non-lighting voltage, sup-
plied to the data line.

2. An electrooptical panel according to claim 1, further
comprising a sealing member arranged between
the first substrate and the second substrate on the
inner surfaces thereof close to and along the pe-
ripheral edges thereof,

wherein the first wiring group comprises a plu-
rality of wirings arranged on the second sub-
strate and close to the one edge of the panel,
and a first conductor portion, arranged in the
sealing portion, for respectively connecting a
plurality of scanning lines, out of the scanning
lines, corresponding to the first wiring group,
with the plurality of wirings, and
the second wiring group comprises a plurality
of wirings arranged on the second substrate
close to the edge opposed to the one edge of
the panel, and a second conductor portion, ar-
ranged in the sealing portion, for respectively
connecting a plurality of scanning lines, out of
the scanning lines, corresponding to the sec-
ond wiring group, with the plurality of wirings.

3. An electrooptical panel according to claim 1, where-
in the first wiring group comprises a plurality of wir-
ings which are connected to a plurality of scanning
lines, out of the scanning lines corresponding to the
first wiring group, and which are arranged on the
first substrate and close to the one edge of the pan-
el, and

the second wiring group comprises a plurality
of wirings which are connected to a plurality of
scanning lines, out of the scanning lines, cor-
responding to the second wiring group, and
which are arranged on the first substrate and
close to the edge opposed to the one edge of
the panel.

4. An electrooptical panel according to claim 1, com-
prising a first scanning line driving section for sup-
plying the scanning lines connected to the first wir-
ing group with a scanning signal, and

a second scanning line driving section for sup-
plying the scanning lines connected to the sec-
ond wiring group with a scanning signal.

5. An electrooptical panel according to claim 4, further
comprising a data line driving section for supplying
the data lines with a signal voltage,

wherein the first scanning line driving section,
the second scanning line driving section, and the
data line driving section are encapsulated into a sin-
gle-chip integrated circuit.

6. An electrooptical panel according to one of claims
1 through 5,
wherein the switching element is a two-terminal
switching element and has a structure of conductor-
insulator-conductor.

7. A driving method for driving an electrooptical panel
comprising a first substrate which has a plurality of
scanning lines formed thereon, a second substrate
which is opposed to the first substrate with a con-
stant gap maintained therebetween, and has a plu-
rality data lines, and switching elements and pixel
electrodes, with each of the switching elements and
pixel electrode arranged at each intersection of the
scanning lines and the data lines, and an electroop-
tical material interposed between the first substrate
and the second substrate, a first wiring group ar-
ranged close to one edge of either the first substrate
or the second substrate, and a second wiring group
arranged on either the first substrate or the second
substrate on the edge opposed to the one edge,
wherein the scanning lines are alternately connect-
ed to the first wiring group and the second wiring
group, K lines by K lines (K is a natural number) in
a manner such that first K scanning lines are con-
nected to the first wiring group, second K scanning
lines are connected to the second wiring group,
third K scanning lines are connected to the first wir-
ing group and so on, and

wherein the scanning lines are successively
selected for each horizontal scanning period so that
the selected scanning line is supplied with a selec-
tion voltage, and is then supplied with a non-selec-
tion voltage, and the polarities of the selection volt-
age and the non-selection voltage are inverted eve-
ry K horizontal scanning periods with respect to an
intermediate value, between a lighting voltage and
a non-lighting voltage, supplied to the data line.

8. Electronic equipment comprising an electrooptical
panel according to one of claims 1 through 6.
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