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(7) ABSTRACT

An active matrix type liquid crystal display device has a
plurality of data lines and a plurality of gate lines formed on
a substrate in matrix fashion, TFTs and pixel electrodes
being provided at both sides of the data lines so as to
correspond with each of the plurality of gate lines, and the
plurality of gate lines are positioned such that the pixel
electrodes at both sides of the data lines are controlled by
signals from one of the two gate lines sandwiching the pixel
electrodes, i.e., either the first or second gate line. Also, the
gate electrodes comprising TFTs are comprised of gate lines
themselves, so that the drain electrodes electrically con-

(30) Foreign Application Priority Data nected to the pixel electrodes traverse the gate electrodes.
Thus, the pixels can be driven with fewer data lines than
May 7, 1998 (JP) ..ocevcerrerecrriererecrnerrccerionmenee 10-125028  with known arrangements.
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ACTIVE MATRIX TYPE LIQUID CRYSTAL
DISPLAY DEVICE, AND SUBSTRATE FOR THE
SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active matrix
type liquid crystal display device, and a matrix substrate
used for this liquid crystal display device.

[0003]

[0004] Tt is known that an active matrix type liquid crystal
display device is formed by facing two glass substrates
against each other and fixing these, with liquid crystal being
sealed in the gap therebetween. A transparent common
electrode is formed on one glass substrate, and a great many
transparent pixel electrodes are formed in matrix fashion on
the other glass substrate, with circuitry also being formed for
applying voltage individually to each of the electrodes.

[0005] FIG. 22 illustrates a common configuration of such
an active matrix type liquid crystal display device, and more
specifically is a plan view of the side of the device on which
the pixel electrodes have been formed.

[0006] This active matrix type liquid crystal display
device has a pixel matrix PX (i, j) of m rows and n columns
(wherein i=1 to m and j=1 to n), a portion thereof being
shown in FIG. 22. In the Figure, rectangles arrayed verti-
cally and horizontally are represented by broken lines, each
representing a pixel.

[0007] As shown in the Figure, the pixels are arrayed
horizontally (in the column direction) and vertically (in the
row direction), with an n number of data lines Dj (j=1 to n)
corresponding with each column of these pixels being
formed, and further, an m number of gate lines Gi (i=1 to m)
corresponding with each column of these pixels are formed.
Now, each of the data lines Dj (j=1 to n) are lines for
supplying signal voltage to each pixel PX (i, ) (i=1 to m, j=1
to n). Also, each of the gate lines Gi (i=1 to m) are lines for
supplying gate voltage to each pixel PX (i, j) (i=1 to m, j=1
to n), for writing the signal voltage to the pixels.

[0008] In addition to the above pixel electrode, each pixel
PX (i, j) has a TFT (Thin-Film Transistor) 1. This TFT 1 has
the source electrode thereof connected to the data line Dyj,
the gate electrode connected to the gate line Gi, and the drain
electrode connected to the pixel electrode. Now, liquid
crystal is sandwiched between the pixel electrode and the
above-mentioned common electrode. The capacity 2 shown
in FIG. 22 represents the liquid crystal capacity sandwiched
between the pixel electrode and the common electrode. The
TFT 1 serves as a switching device for switching between
whether or not to write to the pixel, i.e., whether or not to
apply the signal voltage supplied via the data line Dj to this
liquid crystal capacity 2.

[0009] Next, description will be made regarding the opera-
tion of this active matrix type liquid crystal display device.
With this active matrix type liquid crystal display device, an
m number of gate lines Gi (i=1 to m) are sequentially
scanned, and one screen image is displayed for each field
cycle. Now, there are two types of methods for scanning gate
lines, i.e., interlaced and non-interlaced. FIG. 23 is an

1. Field of the Invention

2. Description of the Related Art
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example wherein m=480, and illustrates the scanning order
of date lines in the two methods.

[0010] With the non-interlaced method, one field cycle is
used to sequentially apply gate voltage to the 480 gate lines
G1 through G480 at a certain time each, following which the
same operation is performed each time the field cycle is
renewed, as shown in FIG. 23. Such applying of gate
voltage to the gates is performed by an unshown gate driver.

[0011] In each field cycle, gate voltage is applied to each
gate line G1 though G480 once. Now, let us say that gate
voltage has been applied to a gate line Gi. The gate voltage
is applied to the gate of each TFT 1 of the n number of pixels
PX (i, j) (=1 to n) comprising the No. i row of the pixel
matrix, so these TFIs 1 are conducting. Also, during the
period wherein gate voltage is being applied to this gate line
Gi, n pixels worth of signal voltage is output from unshown
data drivers to each of an n number of data lines Dj (j=1 to
n). The n pixels worth of signal voltage is applied to each of
the liquid crystal capacities 2 of each of the pixels PX (i, j)
(j=1 to n) by means of passing though the above conducting
TFTs 1. Consequently, one horizontal scanning line of the
image is displayed by the n number of pixels PX (i, j) (j=1
to n). Such applying of date voltage and signal voltage is
performed for the first row of the pixel matrix to the 480th
thereof, thereby displaying the image for one screen.

[0012] Conversely, with the interlaced method, as shown
to the right in FIG. 23, in a field sequence, gate voltage is
applied to the odd-numbered gate lines G1, G3, G5, and so
forth through G 479, for example, following which in the
next field sequence, gate voltage is applied to the even-
numbered gate lines G2, G4, G6, and so forth through G
480, i.c., different gate lines are scanned in the field cycles,
so the operation of displaying the image for one screen with
two field cycles is repeated.

[0013] With the interlaced method, each gate line Gi is
applied with date voltage only once every two field cycles,
and thus is advantageous in that electrical power consump-
tion can be conserved.

[0014] Now, the above-described known active matrix
type liquid crystal display device has data lines for each
column comprising the pixel matrix, so in the event that
there is a great number of pixels per row, a great many
number of data drivers need to be used, accordingly. How-
ever, data drivers are relatively expensive parts, and using a
great number of these would make the entire device expen-
sive. For example, a VGA liquid display panel with 1920
pixels in the column direction and 480 pixels in the row
direction has 1920 data lines and 480 gate lines. In the event
that data drivers and gate drivers having 240 output termi-
nals were used to construct this liquid crystal panel accord-
ing to the above-described known technique, there is the
need to provide eight data drivers in the column direction
and two gate drivers in the row direction. Using eight data
drivers would make the liquid crystal panel expensive.

[0015] Also, the above-described known technique has
been problematic in that it has been difficult to construct a
liquid crystal display panel with a small display area. That
is, a great number of terminals for supplying signal voltage
to the above data lines are provided at the data line terminal
portion which is the edge portion of the liquid crystal display
panel, and this data line terminal portion needs to be reduced
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in size for a liquid crystal display panel with a small display
area. In order for this data line terminal portion to be reduced
in size, the pitch of the terminals corresponding to the above
data lines must be narrowed, but the liquid crystal panel
according to the known technique uses a great number of
data lines, so the requirement to narrow this pitch is severely
demanding. Accordingly, manufacturing of the data wiring
terminal portion is more difficult, which in turn causes
problems such as decrease in yield.

SUMMARY OF THE INVENTION

[0016] The present invention has been made in light of the
above-described problems, and accordingly, it is an object of
the present invention to provide an active matrix type liquid
crystal display device which can drive each pixel with a
fewer number of data lines as compared to the known art,
and to provide a substrate used for the same.

[0017] The active matrix type liquid crystal display device
substrate according to the present invention is arranged such
that a plurality of data lines and a plurality of gate lines are
provided on a substrate in a matrix form, and that on either
side of each of the data lines are provided TFTs and pixel
electrodes connecting to the TFTs, corresponding with each
of the plurality of gate lines, wherein the plurality of data
lines are provided so as to control the pixel electrodes on
either side of the data lines, by signals from the correspond-
ing one of the two gate lines on either side of each of the
pixel electrodes.

[0018] With active matrix type liquid crystal display
device substrate according to the present invention, one data
line supplies signal voltage to the pixel electrodes positioned
on either side thereof. Also, signal voltage is written to half
of the pixel electrodes arrayed along the gate line by
applying gate voltage to one of the two gate lines positioned
on either side of pixel electrodes on either side of the data
line, and signal voltage is written to the other half of the
pixels by applying gate voltage to the other gate line. Thus,
with the substrate according to the present invention, the
number of data lines is reduced to half of that of known
arrangements, thereby facilitating reduction of the expensive
data drivers to half.

[0019] Also, it is preferable that the gate electrodes form-
ing the TFTs are comprised of the gate lines themselves, and
the drain electrodes which comprise the TFTs and are
electrically connected to the pixel electrodes traverse the
gate electrodes.

[0020] With such an arrangement, even in the event that
there is shifting of the photo mask between the gate elec-
trode forming step and drain electrode forming step in the
process of manufacturing the active matrix type liquid
crystal display device substrate, the parasitic capacity Cgd
between the gate and drain of the two TFTS sandwiched
between neighboring data lines is equal as in a normal case,
and the field-through voltage AVp is also equal, thereby
facilitating prevention of flickering and irregularities in
brightness.

[0021] Also, the active matrix type liquid crystal display
device substrate according to the present invention may be
arranged such that storing capacity is provided correspond-
ing to each of the pixel electrodes, and storing capacity lines
are provided parallel to the data lines, between neighboring
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pixel electrodes between neighboring data lines, and that
one of the electrodes of the storing capacity is connected to
a pixel electrode corresponding thereto, and the other elec-
trode is connected to the storing capacity line.

[0022] According to the present invention, storing capac-
ity is connected to each pixel electrode, so the capability for
each pixel to hold signal voltage can be improved. Also, two
pixels worth of writing current flow to each storing capacity
line from each storing capacity on either side. Accordingly,
outputting signal voltage to each data line so that signal
voltage of reverse polarity is applied to neighboring data
lines causes cancellation of writing current flowing through
each of the storing capacity lines, thereby preventing insuf-
ficient writing from occurring.

[0023] The active matrix type liquid crystal display device
according to the present invention comprises a pair of
opposedly positioned substrates whereby liquid crystal is
held therebetween, wherein one of the substrates is the
above-described substrate.

[0024] Also, the active matrix type liquid crystal display
device according to the present invention comprises scan-
ning means wherein an action of sequentially supplying gate
voltage to one of the two gate lines provided on either side
of the pixel, and an action of sequentially supplying gate
voltage to the other of the two gate lines provided on either
side of the pixel, are alternately performed each time a field
cycle switches.

[0025] According to the present invention, signal voltage
is written to all pixels in the pixel matrix over a period of two
field cycles. Accordingly, consumption of electricity at the
time of writing signal voltage can be reduced.

[0026] Also, the active matrix type liquid crystal display
device according to the present invention comprises: gate
drivers for sequentially outputting gate voltage from output
terminals in each field cycle; and demultiplexers wherein an
action of sequentially supplying gate voltage to one of the
two gate lines provided on either side of the pixel, and an
action of sequentially supplying gate voltage to the other of
the two gate lines provided on either side of the pixel, are
alternately performed each time a field cycle switches, the
gate voltage being sequentially output from the output
terminals of the gate drivers; wherein the demultiplexer and
the pixel are manufactured by the same manufacturing
process.

[0027] According to the present invention, advantages
similar to those of the above device can be obtained. Also,
the number of gate drivers can be reduced, by providing the
demultiplexer. Further, the demultiplexer and the pixels are
manufactured by the same manufacturing process, so manu-
facturing can be carried out without increasing costs.

[0028] Further, the active matrix type liquid crystal dis-
play device according to the present invention comprises: a
first shift register which sequentially shifts first start pulses
and supplies output signals from each stage as gate voltage
to one of the two gate lines provided on either side each of
the pixel electrodes; and a second shift register which
sequentially shifts second start pulses and supplies output
signals from each stage as gate voltage to the other of the
two gate lines provided on either side each of the pixel
electrodes; wherein the first and second shift registers, and
the pixel are manufactured by the same manufacturing
process.
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[0029] According to the present invention, advantages
similar to those of the above device can be obtained. Also,
providing the first and second shift registers does away with
the need for external attachment of gate drivers. Further, the
shift registers and the pixels are manufactured by the same
manufacturing process, so manufacturing can be carried out
without increasing costs.

[0030] Also, the active matrix type liquid crystal display
device substrate according to the present invention com-
prises: a plurality of data lines and a plurality of gate lines
provided on a substrate in a matrix form; and TFTs and pixel
electrodes connecting to the TFTs provided on one side of
each of the data lines, corresponding with each of the
plurality of gate lines; wherein drain electrodes comprising
the TFTs connecting to the pixel electrodes are provided on
the same side as gate electrodes extending from the gate
lines and comprising the TFTs, with a certain number of the
data lines being electrically connected; and wherein the
plurality of gate lines are provided so as to control the thin
film transistors connected to each of the certain number of
data lines, each by a different gate line.

[0031] Several types of configurations can be conceived
for an active matrix type liquid crystal display device
substrate whereby dots can be driven with fewer data lines
than known arrangements, but the present invention further
aims to provide a active matrix type liquid crystal display
device with reduced flickering. This will be described next.

[0032] FIG. 24 is an example of a active matrix type
liquid crystal display device substrate wherein the number of
data lines has been reduced to half of that of known
arrangements. This is an arrangement wherein dots from two
columns PX (1, j) and PX (i, j+1) (wherein i=1 to m for both)
are positioned on either side of a data line Dj+1 and both
share the same data line Dj+1, whereby the number of data
lines is reduced and the number of data drivers can be
accordingly reduced. Also, in each row, the two dots which
are on both sides of the data line Dj+1, ¢.g., dot PX (i, ) and
PX (i, j+1) are driven by different gate lines GAi and GBi.
As a result of such a configuration, the TFTs 121a and 1215
for these two dots PX (i, j) and PX (3, j+1) are positioned in
point symmetry with the center point of the two dots as the
center thereof, and the positions of the drain and source of
the TFTs 121a and 1215 are reversed as to the gate (in the
horizontal direction in the Figure).

[0033] FIG. 25A and FIG. 25B are diagrams illustrating
the portion of the TFTs 1214 and 1215 of the above two dots
PX (i, j) and PX (i, j+1). For the sake of simplicity in the
description, the dot PX (i, j) to the left of the data line will
be referred to as dot “a”, and the dot PX (i, j+1) to the right
of the data line will be referred to as dot “b”.

[0034] Generally, there is gate-drain parasitic capacity
Cgd at the overlapping portion of the gate electrode and
drain electrode of the TFT (in reality, the overlapping
portion of the island and gate electrode also affects Cgd), but
the area of this overlapping portion differs one from another
due to the process precision (specifically, the alignment
precision of the exposing apparatus) in the process of
manufacturing, so there are irregularities in the gate-drain
parasitic capacity Cgd.

[0035] In the event that the TFTS 1214 and 1215 of dot a
and dot b are mutually positioned in point symmetry, and if
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the position of the drain layer to the gate layer is as designed
as shown in FIG. 25A, the dimensions La and Lb of the
overlapping portions of the gate electrodes 1224 and 122b of
the TFTs 121a and 1215 of dot a and dot b and the drain
electrodes 123a and 1235 thereof are of equal dimension
(including the dimensions from the island center to the drain
electrode tip), and with the gate-drain parasitic capacity of
dot a as Cgda, and the gate-drain parasitic capacity of dot b
as Cgdb, Cgda=Cgdb holds. However, as shown in FIG.
25B, in the event that the drain layer shifts to the left
direction in comparison with the gate layer for example, the
dimensions L'b of the overlapping portion of the gate
electrode 122b and drain electrode 1236 of the TFTs 1215 of
dot b becomes greater than the dimensions L'a of the
overlapping portion of the gate electrode 122¢ and drain
electrode 1234 of the TFTS 1214 of dot a. Consequently, the
relation in the gate-drain parasitic capacity of dot a and dot
b is C'gda<C'gdb (to be more precise, the overlapping
portion of the island and gate electrode is also included in
the parasitic capacity). That is to say, in the event that the
TFTs are at positions of point symmetry in the substrate, the
gate-drain parasitic capacity varies within the same substrate
depending on the alignment precision of the exposing appa-
ratus.

[0036] Now, in the event that gate voltage Vg is applied to
a TFT, the field-through voltage AVp is expressed as fol-
lows:

AVp={(Cgd)/(Clc+Cs+Cgd)}- Vg

[0037] wherein Clc represents liquid crystal capacity,
and Cs represents storing capacity.

[0038] Accordingly, in the event that the gate-drain para-
sitic capacity Cgd differs, the field-through voltage AVp
changes. Also, based on the relation between the field-
through voltage and the offset voltage, change in the field-
through voltage means that the offset voltage also changes,
so differences in the gate-drain parasitic capacity changes
the offset voltage. Accordingly, in the case of a TFT sub-
strate of the above configuration, the offset voltage differs
within the same substrate from dot to dot, so offset adjusting
cannot be performed for all dots. This is what causes
flickering.

[0039] The active matrix type liquid crystal display device
substrate according to the present invention aims to maintain
the idea of sharing a data line with a plurality of dots on the
same row, while at the same time suppressing flickering
owing to the process precision. To this end, as described
above, the TFTs are provided on the same side of each of the
data lines, and the drain electrodes of each of the TFTs are
provided on the same side as the gate electrodes. That is,
instead of positioning the TFTs in point symmetry, the
positional relation of the source electrode and drain elec-
trode of each TFT is the same for all of the TFTs on the
substrate. Accordingly, even in the event that the alignment
of the drain layer to the gate layer shifts, all of the TFTs on
the substrate shift in the same direction, so the gate-drain
parasitic capacity is equal for all TF'Ts, and consequently the
offset voltage is uniform throughout the substrate. Hence,
flickering can be suppressed.

[0040] Also, even in the event that data lines are provided
for each column, the number of data lines can be reduced at
the connection portion with the data driver by a certain
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number of data lines being electrically connected, so the
number of data drivers can be reduced. Accordingly, the
same data signals are supplied to the above certain number
of data lines, but driving can be performed without obstruc-
tion by controlling each of the TFTs connected to each of the
data lines of the electrically connected data lines with
differing gate lines.

[0041] Also, it is preferable that the certain number of
electrically connected data lines be mutually connected at
both sides of the data lines, at least.

[0042] In the case of electrically connecting a certain
number of data lines, mutual connection at only the one
place on the side to be connected to the data driver is
sufficient from a functional perspective, but an arrangement
wherein the data lines are mutually connected at both sides
can prevent line dropout, since even in the event that one
place in a data line is broken, supply of the signals is not
stopped. That is, this arrangement serves as a redundant
structure regarding line dropout, thus improving yield.

[0043] Also, it is preferable that the configuration be an
arrangement wherein the plurality of data lines are electri-
cally connected at intervals of odd numbers, in increments
of the certain number.

[0044] In order to improve display quality, and reduce
cross-talk in particular, the so-called data line inversion
driving method is generally used, wherein data signals of
differing polarity are supplied to the even-numbered data
lines and the odd-numbered data lines. However, with the
present invention, in the event that neighboring data lines are
electrically connected, dots corresponding with the electri-
cally connected data lines may be of the same polarity, and
the pixel potential be affected by coupling owing to parasitic
capacity, so that data line inversion driving doers not effec-
tively function.

[0045] Conversely, in the event that data lines are electri-
cally connected at intervals of odd numbers, supplying
signals of inverse polarity for each set of connected data
lines ensures that the polarity will always be reverse
between two neighboring data lines, so data line inversion
driving effectively functions regarding an arbitrary dot.
Consequently, cross-talk is reduced, and display quality is
improved.

[0046] Tt is also preferable that the configuration be an
arrangement wherein one or more but the certain number or
less of gate lines are layered upon the pixel electrodes so as
to traverse the pixel electrodes. In such an arrangement, the
one or more but the certain number or less of gate lines, and
the pixel electrodes cooperate to form storing capacity.

[0047] That is, with the present invention, the TFTS of
each of the data lines of the electrically connected data lines
are each controlled by different gate lines, so observation of
one dot reveals a gate line for controlling another TFT
traversing the dot. However, the area wherein the gate line
traverses the dot can be used as storing capacity, so the
arrangement wherein the gate lines traverse the dots does not
lead to deterioration in aperture ratio.

[0048] Thus, the active matrix type liquid crystal display
device according to the present invention can be constructed
by holding liquid crystal between the above active matrix
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type liquid crystal display substrate and a substrate upon
which a common electrode is provided.

[0049] With the active matrix type liquid crystal display
device according to the present invention, the number of
data drivers can be reduced as compared with known
arrangements, which reduces the cost, and a liquid crystal
device with high display quality can be provided, with
reduced flickering.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a plan view illustrating the construction
of a first embodiment according to the present invention, an
active matrix type liquid crystal display device substrate;

[0051] FIG. 2 is a plan view of the TFT portion of this
substrate (in the case of a large island construction);

[0052] FIG. 3 is a plan view of the TFT portion of this
substrate (in the case of a large gate construction);

[0053] FIG. 4 is a plan view illustrating the configuration
in the case that a known construction is used for the TFT
portion of the substrate;

[0054] FIG. 5 is a plan view illustrating the construction
of a second embodiment according to the present invention,
an active matrix type liquid crystal display device substrate;

[0055] FIG. 6 is a plan view illustrating the construction
of a third embodiment according to the present invention, an
active matrix type liquid crystal display device substrate;

[0056] FIG. 7 is a plan view illustrating the construction
of a fourth embodiment according to the present invention,
an active matrix type liquid crystal display device substrate;

[0057] FIG. 8 is a plan view of the TET portion of the
substrate according to the second or third embodiment (in
the case of a large island construction);

[0058] FIG. 9 is a plan view of the TFT portion of the
substrate according to the second or third embodiment (in
the case of a large gate construction);

[0059] FIG. 10is a plan view illustrating the construction
of a fifth embodiment according to the present invention, an
active matrix type liquid crystal display device substrate;

[0060] FIG. 11 is a diagram illustrating the construction of
a sixth embodiment according to the present invention, an
equivalent circuit of the matrix substrate;

[0061] FIG.12is a plan view illustrating the layout of this
matrix substrate;

[0062] FIG. 13 is a diagram illustrating the construction
of a seventh embodiment according to the present invention,
an equivalent circuit of the matrix substrate;

[0063] FIG. 14 is a plan view illustrating the layout of this
matrix substrate;

[0064] FIG. 15 is a diagram illustrating the construction
of a eighth embodiment according to the present invention,
an equivalent circuit of the matrix substrate;

[0065] FIG. 16 is a diagram illustrating the construction
of a ninth embodiment according to the present invention, an
equivalent circuit of the matrix substrate;
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[0066] FIG.17isa plan view illustrating the layout of this
matrix substrate;

[0067] FIG. 18A is a plan view illustrating the construc-
tion of a tenth embodiment according to the present inven-
tion, an active matrix type liquid crystal display device;

[0068] FIG. 18B is a cross-sectional view along line
XVIIIB-XVIIIB in FIG. 18A,;

[0069] FIG. 19 is a circuit diagram illustrating the con-
figuration of the demultiplexer portion in the this embodi-
ment;

[0070] FIG. 20A is a plan view illustrating the construc-
tion of an eleventh embodiment according to the present
invention, an active matrix type liquid crystal display
device;

[0071] FIG. 20B is a cross-sectional view along line
XXB-XXB in FIG. 20A;

[0072] FIG. 21 is a circuit diagram illustrating the con-
figuration of the shift register portion in the this embodi-
ment;

[0073] FIG.22is a plan view illustrating the configuration
of a known active matrix type liquid crystal display device;

[0074] FIG. 23 is a diagram illustrating the gate line
scanning procedures for an active matrix type liquid crystal
display device;

[0075] FIG. 24 is a diagram illustrating the equivalent
circuit of a matrix substrate with the double-scanning
method; and

[0076] FIG. 25 is a diagram for describing the problems
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0077] Embodiments of the present invention will now be
described with reference to the drawings.

[0078]

[0079] FIG. 1 is a plan view illustrating the construction
of a first embodiment according to the present invention, an
active matrix type liquid crystal display device substrate. As
with FIG. 22, the rectangles of broken lines each represent
individual pixels making up the pixel matrix PX (i, j)
(wherein i=1 to m and j=1 to n).

[0080] The arrangement of the active matrix type liquid
crystal display device shown in FIG. 22 involved one data
line Dj for each column of the pixel matrix PX (i, j) (i=1 to
m and j=1 to n), and a gate line Gi for each row.

[0081] Incomparison, the active matrix type liquid crystal
display device according to the present embodiment shown
in FIG. 1 consists of n/2 data lines arranged so as to couple
off the columns of the pixel matrix PX (i, j) (i=1 to m and
j=1to n), with each data line being connected to the source
electrodes of TFTs 1 of a number “2m” of pixels on either
side thereof. FIG. 1 shows three of these data lines, i.c.,
D;-2, Dj, and Dj+2.

[0082] Also, regarding the rows of the pixel matrix PX (i,
j) (i=1 to m and j=1 to n), a first gate line GAi (i=1 to m) and
a second gate line GBi (i=1 to m) are formed on either side

First Embodiment
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of an n number of pixels comprising each row. The n number
of pixels comprising each row are coupled off by the above
n/2 data lines, so there are two pixels between each data line,
but the first and second gate lines alternately handle between
the data lines, so as to supply gate voltage to the TFTs 1 of
the two pixels between the data lines. Also, the first and
second gate lines provided to each row handle between
differing data lines between the neighboring rows, and
supply gate voltage to the TFTs 1 between the data lines.

[0083] For example, looking at row i, gate voltage is
supplied to the two pixels PX (i, j-1) and PX (i, j) between
the data lines Dj-2 and Dj, by the second gate line GBI, and
next to this, gate voltage is supplied to the two pixels PX (i,
j+1) and PX (i, j+2) between the data lines Dj and Dj+2, by
the first gate line GAi.

[0084] In the same way, looking at row i-1 which neigh-
bors line i, gate voltage is supplied to the two pixels between
the data lines Dj-2 and Dj, by the first gate line GAi-1, and
next to this, gate voltage is supplied to the two pixels
between the data lines Dj and Dj+2, by the second gate line
GBi-1. This is the same for line i+1, as well.

[0085] Next, the specific configuration of the TFTs in the
active matrix type liquid crystal display device substrate
according to the present embodiment.

[0086] FIG. 2 and FIG. 3 illustrate the TFT portion of the
two pixels PX (i, j-1) and PX (i, j) surrounded by the data
lines Dj-2 and Dj, and the first gate line GAi and second
gate line GBi, shown in FIG. 1. FIG. 2 illustrates a case
wherein the so-called large island construction is used
wherein the width of the island 4 is greater than the width of
the gate line GBi, and FIG. 3 illustrates a case wherein the
so-called large gate construction is used, wherein the width
of the gate line GBi is greater than the width of the island 5.

[0087] Now, the characterizing point of the TFT 1 accord-
ing to the present embodiment is common to both FIG. 2
and FIG. 3, and is thus: the gate electrode comprising the
TFT 1 is configured of the gate line GBI itself, and the drain
electrode 7 electrically connected to the pixel electrode 6
traverses the gate line GBi.

[0088] Incidentally, the expression “cach data line being
connected to the source electrodes of TFTs 17 was made in
the above description, since FIG. 1 shows an equivalent
circuit; however, in the actual configuration, the data lines
Dj-2 and Dj themselves are the electrodes for the TFT 1, as
shown in FIGS. 2 and 3.

[0089] Conversely, FIGS. 4A and 4B show arrangement
wherein a known common TFT structure is employed in the
same place as above. That is, the gate electrode 50 protrudes
from the gate line GBI, and the source electrode 51 and drain
electrode 52 extend toward the center of the gate electrode
50.

[0090] In an arrangement wherein this configuration is
employed, the gate-drain parasitic capacities Cgdl.3 and
CgdR3 are both equal in the event that there is no shifting
in the positioning of the gate layer and the source-drain layer
as shown in FIG. 4A, but in the event that there is shifting
in the position of the source-drain layer toward the left as to
the gate layer as shown in FIG. 4B, the CgdL4 of the TFT
to the left becomes greater than normal, and the CgdR4 of
the TFT to the right becomes smaller. Accordingly, the



US 2001/0015715 Al

field-through voltage AVp of the right pixel and the left pixel
come to differ, thereby generating flickering and brightness
irregularities on the liquid crystal screen.

[0091] On the other hand, in an arrangement wherein the
configuration according to the present embodiment shown in
FIGS. 2 and 3 is employed, the drain electrode 7 which
connects to the pixel electrode 6 traverses the gate electrode
(gate line GBi), so even in the event that there is shifting in
the positioning thereof, the gate-drain parasitic capacities
CgdL1 and CgdR1, and CgdL2 and CgdR2 of the right and
left TFTs are respectively equal, and the field-through volt-
age AVp is also equal, so flickering and brightness irregu-
larities can be suppressed. Though FIGS. 2 and 3 show a
case in which the source-drain layer has shifted to the left in
comparison to the gate layer, but the CgdL and CgdR of the
right and left TFTs are the same event in cases wherein the
source-drain layer shifts to the right or rotates in comparison
to the gate layer, etc., thereby obtaining the same advan-
tages.

[0092] Next, the operation of the present embodiment will
be described.

[0093] With the present embodiment, two field cycles are
used for image display of one screen, by interlaced scanning
wherein first and second gate lines are alternately scanned at
respective filed cycles. That is, in the odd field cycle, for
example, gate voltage is sequentially applied at certain time
periods to each of the first gate lines GAI (i=1 to m). Also,
during the period in which gate voltage is being applied to
each of the gate lines, signal voltage is output to each of the
n/2 pixels connected to the gate lines via the n/2 data lines.
That is, in the example shown in FIG. 1, during the period
wherein gate voltage is being applied to the gate line GAI,
signal voltage is supplied to the pixels PX (i, j-2), PX (i,
j+1), and PX (i, j+2), connected to the gate line GAi via the
data lines Dj-2, Dj, and Dj+2. As a result, in the odd field
cycle, signal voltage is written to half of the pixels con-
nected to the gate line GA (i) (wherein I=1 to n) out of the
pixels in the m rows and n columns.

[0094] Then, in the even field cycle, gate voltage is
sequentially applied at certain time periods to each of the
second gate lines GBI (i=1 to m). Also, during the period in
which gate voltage is being applied to each of the gate lines,
signal voltage is output to each of the n/2 pixels connected
to the gate lines via the n/2 data lines. As a result, in the even
field cycle, signal voltage is written to the other half of the
pixels connected to the gate line GB (i) (i=1 to n).

[0095] Thus, according to the present embodiment, the
signal voltage for one screen is written to all of them rows
and n-columns of pixels over two field cycles, thereby
displaying the image for one screen in a complete form.

[0096] The above is a description of the configuration and
operation of the present embodiment, of which the advan-
tages can be listed as follows.

[0097] (1) The number of data lines can be reduced to
half of that of known arrangements. Accordingly, the
number of data drivers can be reduced, thereby reduc-
ing the cost of the overall device. For example, in the
case of a VGA liquid crystal panel configuration, with
the number of pixels in the column direction of 1,920
and the number of pixels in the row direction of 480,
only 960 data lines are necessary. Accordingly, only
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four data drivers with 240 output terminals need to be
provided in the column direction, thereby reducing the
number of data drivers to half, and facilitating reduc-
tion in price of the device. Incidentally, with the present
embodiment, the number of gate lines in a VGA liquid
crystal display panel are 960, which requires the use of
four gate drivers (two in known arrangements). How-
ever, the number of expensive data drivers is cut in half,
and the overall number of parts is reduced, so conse-
quently, the overall cost of the device is lowered.

[0098] (2) The number of data lines is only half of
known arrangements, so even in cases of constructing
a liquid crystal display panel with a small display area,
the requirement to narrow the pitch in the data wiring
terminal portion is not severely demanding.

[0099] (3) With the above-described known active
matrix type liquid crystal display device, n data lines
are driven in each field cycle, but with the present
embodiment, only n/2 data lines are driven in each field
cycle. Accordingly, with the present embodiment, the
driving frequency of each data driver can be lowered to
half. Also, the number of data drivers is half of known
arrangements, as described above. Accordingly, the
total electrical power consumption of all of the data
drivers is lowered to % of known arrangements. Inci-
dentally, with the present embodiment, the number of
gate lines is doubled compared with known arrange-
ments, so the number of gate drivers needed also
increases. However, the driving frequency of gate driv-
ers is extremely small in comparison with that of data
drivers, so the increase in overall electrical consump-
tion owing to the increase in the number of gate drivers
is minute, so consequently, the overall electrical con-
sumption of the device is greatly reduced.

[0100] (4) With the present embodiment, the sections
divided by the n/2 data lines are alternately handled by
the first and second gate lines, so as to supply gate
voltage to the pixels within each section, and at neigh-
boring rows, the first and second gate lines handle
different sections, so display is made by n/2 pixels in all
rows regardless of whether the field cycle is odd or
even, and also, display is made by m/2 pixels in all
columns. Thus, the present embodiment is advanta-
geous in that line crawling, wherein unsightly vertical
streaks or horizontal streaks show up on the screen,
does not easily occur.

[0101] (5) With the present embodiment, the configu-
ration is such that the drain electrodes connected to the
pixel electrodes traverse the gate lines GBI in the plane
construction of the TFTS, so even in the event that there
is positioning shift between the gate layer and the
source-drain layer, the Cgd of the right and left TFTs is
equal, and the field-through voltage AVp is also equal,
thereby suppressing flickering and brightness irregu-
larities.

[0102] Second through Fourth Embodiments

[0103] FIGS. 5 through 7 each illustrate the second
through fourth embodiments according to the present inven-
tion. Though the specific connection relation between the
gates and the pixels in these embodiments differs from that
shown for the first embodiment, each of these embodiments
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is identical to the first embodiment regarding the point that
n/2 data lines each handle two columns apiece and supply
signal voltage, and regarding the point that first and second
gate lines handle n/2 pixels apiece for each row to supply
gate voltage. Each of these embodiments have been shown
as specific examples of variations of the first embodiment, in
order to clearly show that the connection relation between
the gate lines and pixels in the present invention is not
restricted to the first embodiment, and that many types of
variations can be made. These embodiments also exhibit the
advantages (1) through (3) listed above in conjunction with
the first embodiment. Incidentally, regarding prevention of
line crawling, the above first embodiment and third embodi-
ment (FIG. 6) are best, with the second embodiment (FIG.
5) and fourth embodiment (FIG. 7) having problems in that
vertical streaks appear more readily than with the others.

[0104] FIG. 8 and FIG. 9 show specific configurations of
TFTs corresponding with the equivalent circuits shown in
FIGS. 5 and 6. FIG. 8 shows a case wherein a large island
structure has been employed, and FIG. 9 shows a case
wherein a large gate structure has been employed.

[0105] As shown in these Figures, the configuration of the
present embodiment is such that the drain electrodes 7
connecting to the pixel electrodes 6 traverse the gate lines
GAI1 and GBI, as with the first embodiment, so even in the
event that there is position shifting between the gate layer
and the source-drain layer, the Cgd of the right and left TFTs
is equal, and the field-through voltage AVp is also equal,
thereby suppressing flickering and brightness irregularities.
In other words, the advantage (5) listed for the above first
embodiment can be obtained.

[0106] Fifth Embodiment

[0107] In order to raise contrast, reduce cross-talk, and
improve image quality, raising the capability of each pixel to
hold signal voltage is effective. To this end, a configuration
wherein storing capacity is connected to each pixel electrode
is often employed with active matrix type liquid crystal
display devices.

[0108] The present embodiment is an improvement on the
above first embodiment, in that storing capacity is connected
to each pixel electrode. The configuration of the present
embodiment is shown in FIG. 10. As shown in the Figure,
each pixel PX (i, j) (wherein i=1 to m and j=1 to n) has
formed thereto a storing capacity 3, and one of the electrodes
of the storing capacity 3 is connected to the pixel electrode
(i.e., one of the electrodes of the liquid crystal capacity 2) for
each pixel. Also, the pixels PX (i, j) (i=1 to m and j=1 to n)
are coupled into two columns apiece by n/2 data lines (FIG.
1 shows three of these data lines, i.e., Dj-2, Dj, and Dj+2),
with Cs lines (storing capacity lines) being formed parallel
with the data lines at the border area between the pixels at
which these data lines have not been formed. The other
electrodes of the storing capacity 3 for the pixels are
connected to an unshown reference power source via these
Cs lines.

[0109] According to the present embodiment, the capabil-
ity of each pixel to hold signal voltage is raised by the
storing capacity 3 thus connected to each pixel electrode, so
advantages such as raised contrast and reduced cross-talk
can be obtained. Also, according to the present embodiment,
the configuration is such that one Cs line is shared for two
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pixel columns, so even in the event that the number of gate
lines doubles, there is no reduction in aperture ratio. In order
to confirm the advantages in the event that the construction
according to the present embodiment is applied to a known
active matrix type liquid crystal display device, the Inventor
has tested layout design of an construction according to the
present embodiment without changing the design rules. The
results yielded an aperture ratio similar to that of known
arrangements.

[0110] Now, connecting the storing capacity 3 to the pixel
electrodes as in the present embodiment causes writing
current to flow through the Cs lines at the time of writing
signal voltage. Accordingly, in the event that the wiring
resistance of the Cs lines is high, insufficient writing may
occur as a consequence of the wiring resistance. Means that
might be conceived for preventing such trouble include
increasing the width of the Cs lines so as to lower the wiring
resistance, but this leads to lowering of the aperture ratio,
which is undesirable.

[0111] Accordingly, the present invention takes advantage
of the characteristics of the first embodiment, in that two
pixels worth of writing data flow through the Cs lines at all
times, and provides means for lowering the voltage drop of
the Cs wiring by offsetting the writing current. More spe-
cifically, according to the present embodiment, at the time
that an unshown data driver applies signal voltage to each of
n/2 data lines, the signal voltage is output so that signal
voltage with reverse polarity is always applied to the two
neighboring data lines. That is to say, in the event that gate
voltage is applied to gate line GBi1in a certain field cycle for
example, positive signal voltage is applied to the data line
Dj-2 for example, and negative signal voltage is applied to
the neighboring data line Dj. As a result of such application
of signal voltage with reverse polarity, writing currents
corresponding with these signal voltages flow through the
data lines Dj-2 and Dj, so the writing currents offset one
another. Consequently, only a minute current flows through
the Cs line, so there is no problem of insufficient writing,

[0112] The above has been description of an example
wherein storing capacity and Cs lines are added to the first
embodiment (FIG. 1), but storing capacity and Cs lines may
be added to the fourth embodiment (FIG. 7), as well. This
fourth embodiment is also configured such that writing
current flows to the two pixels sandwiched between two data
lines, as with the first embodiment, so in the event that the
same configuration as the present embodiment (fifth
embodiment) is employed, writing current can be offset in
the Cs lines.

[0113]

[0114] The following is a description of a sixth embodi-
ment of the present invention, with reference to FIGS. 11
and 12.

[0115] FIG. 11 is a diagram illustrating the construction of
the equivalent circuit of the active matrix type liquid crystal
display device substrate in the liquid crystal display device
according to the present invention, and FIG. 12 is an actual
design layout diagram.

[0116] As shown in FIGS. 11 and 12, a plurality of data
lines Dia, Dib, and so forth, and a plurality of gate lines Gja,
Gjb, and so forth, are provided in matrix fashion on a
substrate, and TFTs 101 are provided to the same side as the

Sixth Embodiment
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data lines Dia, Dib, and so forth (to the right in the drawing).
Accordingly, the TFTs 101 are in a positional relation of
parallel movement, such that the source electrodes 102 to be
connected to the data lines Dia, Dib, and so forth are to the
left for all of the TFTs on the substrate, and the drain
electrodes 104 to be connected to the pixel electrodes 103
are to the right. The pixel electrodes 103 and the common
electrode facing the pixel electrodes 103 across the liquid
crystal together comprise the liquid crystal capacity Cle.

[0117] With the present embodiment, as shown in FIG. 11,
the neighboring data lines Dia, Dib, Di+la, Di+1b, and so
forth are connected at both ends two each, and one side to
be connected to the data driver extends as a single data line
Di, Di+1, and so forth. Then, the gate electrodes 105 of the
TFTs 101 corresponding with the mutually connected two-
line sets of data lines Di are connected to differing gate lines
Gja, Gjb, and so forth. Also, in the same manner, the gate
electrodes of the TFTs 101 corresponding to the neighboring
two-line sets of data lines Di+1 are connected to the repeat-
ingly different gate lines Gja, Gjb, and so forth. Each gate
line is positioned at equal spacing, and as shown in FIG. 12,
the gate line Gjb connected to the TFT 101 of the neigh-
boring dot traverses the center of the pixel electrode 103 of
the dot surrounded by the data lines Dia, Dib, gate lines Gja,
and Gj+1a, but this portion has as structure wherein the pixel
electrode 103 and the gate line Gjb are layered with an
insulating layer therebetween, thus comprising a storing
capacity Cs.

[0118] Two-ficld one-frame interlacing driving is sued for
driving the liquid crystal display device of the above con-
figuration. That is to say, the two neighboring data lines Dia
and Dib are electrically connected, so the same image
signals are supplied to the two data lines Dia and Dib. Then,
in the first field, scanning signals are supplied to the gate
lines Gja, Gj+1a, and so forth with the subscript “a”, and
thus these gate lines become active. In the second field,
scanning signals are supplied to the gate lines Gjb, Gj+1b,
and so forth with the subscript “b”, and thus these gate lines
become active. Accordingly, image signals are supplied
from the data lines to the dots connected to the gate lines
Gja, Gj+1a, and so forth with the subscript “a”, and in the
second field, image signals are supplied from the data lines
to the dots connected to the gate lines Gjb, Gj+1b, and so
forth with the subscript “b”.

[0119] With the present embodiment, the number of gate
lines is doubled as compared with known common active
matrix type liquid crystal display device substrates, the
number of data lines at the connection portion of the data
driver is cut in half, so the number of expensive data drivers
can be reduced, thereby reducing costs for the overall
device. Moreover, the arrangement wherein the TFTs 101 on
the active matrix type liquid crystal display device substrate
are positioned in parallel movement rather than in point
symmetry causes all TFTs on the substrate to shift in the
same direction. Consequently, the gate-drain parasitic
capacity becomes equal among the TFTs, and the offset
voltage is uniform within the substrate, so flickering which
degrades image quality can be suppressed.

[0120] Also, regarding the mutual connection of the data
lines Dia and Dib, functionally, only one place at the side to
be connected to the data driver needs to be connected, since
the object is to reduce the number of data lines connected to
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the data driver. However, with the present embodiment, the
neighboring two data lines Dia and Dib are connected at
both ends. According to this configuration, even in the event
that one of the two data lines Dia and Dib is broken in one
place, image signals are supplied without interruption, via
the normal data line side. That is to say, even in the event
that one of the data lines is broken in one place, supply of
image signals is not interrupted, thus preventing data line
dropout. According to this construction, a redundant struc-
ture can be implemented regarding line dropout, thus
improving yield.

[0121] Further, the gate lines Gja, Gjb, and so forth for
controlling the TFTs 101 of neighboring dots traverse the
center of dots, but the area wherein the gate lines traverse the
dots can be used as storing capacity Cs, so there is no
reduction in aperture ratio even if the gate lines do traverse
the dots.

[0122]

[0123] Now, the seventh embodiment of the present inven-
tion will be described with reference to FIG. 13 and FIG.
14.

[0124] FIG. 13 is a diagram illustrating an equivalent
circuit of the active matrix type liquid crystal display device
substrate, and FIG. 14 is a layout diagram. In FIG. 13, the
storing capacity Cs has been omitted from the drawing for
the sake of description.

[0125] As shown in FIGS. 13 and 14, the active matrix
type liquid crystal display device substrate according to the
present embodiment differs from the sixth embodiment in
that data lines have been electrically connected in units of
three.

[0126] In the present embodiment as well, the TFTs 101
are provided to the same side as the data lines Dia, Dib, Dic,
Dit+la, Di+lb, Di+lc, and so forth (to the right in the
drawing), and the positional relation of the source electrode
102 and drain electrode 104 is the same for all TF'Ts 101 on
the substrate. Then, the neighboring data lines Dia, Dib, Dic,
Di+1a, Di+1b, Di+l¢, and so forth are connected at both
ends in units of three. Also, the gate electrodes 105 of the
TFTs 101 corresponding to the mutually connected three
data lines Dia, Dib, and Dic are each connected to differing
gate lines Gja, Gjb, Gjc, and so forth. As shown in FIG. 14,
traversing the pixel electrode of a dot is the gate line
connected to the TFT of the neighboring dot, and the gate
line connected to the dot one removed, i.e., making two gate
lines traversing the dot, thereby comprising storing capacity
Cs at this portion.

[0127] Driving of this embodiment is also performed by
interlacing, but unlike the sixth embodiment, three fields
comprise one frame. That is to say, in the first field, the gate
lines Gja, Gj+la, and so forth become active and image
signals are supplied from the data lines to the dots corre-
sponding to these gate lines Gja, Gj+1a, and so forth with the
subscript “a”; in the second field, image signals are supplied
from the gate lines Gjb, Gj+1b, and so forth, to the dots
corresponding to these gate lines with the subscript “b”; and
in the third field, image signals are supplied from the gate
lines Gje, Gj+1c, and so forth, to the dots corresponding to
these gate lines with the subscript “c”.

[0128] With the present embodiment, the number of data
lines Dia, Di+1, and so forth at the connection portion with

Seventh Embodiment
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the data driver is ¥ of that of a known common active matrix
type liquid crystal display device substrate, thus facilitating
reduction of the number of expensive data drivers. Also,
with the present embodiment, flickering occurring due to
alignment precision during the manufacturing process can
be suppressed. Further, with the present construction, a
redundant structure is implemented regarding line dropout,
thus improving yield. Further, the two gate lines traversing
the dot comprise storing capacity Cs, so the aperture ratio
does not drop.

[0129]

[0130] Now, the eighth embodiment of the present inven-
tion will be described with reference to FIG. 15.

[0131] FIG. 15 is a diagram illustrating an equivalent
circuit of the active matrix type liquid crystal display device
substrate. In FIG. 15, the storing capacity Cs has been
omitted from the drawing for the sake of description.

[0132] As shown in FIG. 15, the active matrix type liquid
crystal display device substrate according to the present
embodiment has the TFTs 101 provided to the same side as
the data lines Dia, Di+1a, Dib, Di+1b, and so forth (to the
right in the drawing), and the positional relation of the
source electrode and drain electrode is the same for all TFTs
101 on the substrate. Then, the neighboring data lines Dia
and Dib, Di+1a and Di+1b, and so forth, are connected at
both ends in units of two every other line.

[0133] For example, in the case of the sixth embodiment,
the two neighboring data lines are connected, so in the event
that data line inversion driving is employed for the data lines
of which two lines comprise one set, in actual driving, the
polarity does differ between the neighboring data lines in the
set, but the polarity becomes the same between the dots
corresponding to the mutually connected data lines, even
though data line inversion driving is being carried out.

[0134] Conversely, with the present embodiment, every
other data line is connected, so the polarity of all neighbor-
ing dots on the substrate are inverted by performing driving
wherein the polarity is inverted for each of the data lines Di,
Di+1, and so forth, in which two lines comprise one set.
Accordingly, data line inversion functions effectively, and
the effects of reducing cross-talk improves over the sixth
embodiment.

[0135]

[0136] Now, the ninth embodiment of the present inven-
tion will be described with reference to FIG. 16 and FIG.
17.

[0137] FIG. 16 is a diagram illustrating an equivalent
circuit of the active matrix type liquid crystal display device
substrate, and FIG. 17 is a layout diagram. In FIG. 16, the
storing capacity Cs has been omitted from the drawing for
the sake of description.

[0138] As shown in FIGS. 16 and 17, the active matrix
type liquid crystal display device substrate according to the
present embodiment has the TFTs 101 provided to the same
side as the data lines Dia, Di+1a, Dib, Di+1b, and so forth
(to the right in the drawing), and the neighboring two data
lines Dia and Dib, Di+la and Di+1b, etc., are mutually
connected. The gate electrodes 105 of the TFTs 101 corre-
sponding to the set of the mutually connected two data lines

Eighth Embodiment
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Di are each connected to differing gate lines Gja, Gjb, and
so forth. However, it should be noted that, unlike the sixth
embodiment, the positioning of the gate lines Gja, Gjb, and
so forth is not uniform; rather, the gate line with the
subscript “b”, e.g., the gate line Gjb, is near the gate line
Gj+1a of the next tier. As a result, looking at dot A at the
upper left in FIG. 17 for example, and the dot B to the right
thereof, the position of the TFTs 101 of these dots is in a line
symmetry wherein the position of the TFT 101 of the dot A
to the left is at the upper side of the dot A, and the position
of the TFT 101 of the dot B to the right is at the lower side
of the dot B.

[0139] That is, according to the present embodiment, the
TFTs 101 of the dots are not in a positional relation of
parallel movement, as with the sixth and eighth embodi-
ments, but are positioned in line symmetry offset at every
neighboring dot along the gate line. However, even with this
embodiment, the positional relation of the source electrode
102 and drain electrode 104 to the gate electrode 105 is the
same for all TFTs 101 on the substrate. According to this
configuration, even if the alignment of the drain layer shifts
as to the gate layer, all TFTs on the substrate shift in the same
direction, so the gate-drain parasitic capacity becomes equal
among the TFTs, and the offset voltage is uniform within the
substrate. Accordingly, flickering which degrades image
quality can be suppressed, as with the sixth and eighth
embodiments.

[0140] Incidentally, with the sixth and eighth embodi-
ments, the neighboring dots along the gate line are each
offset by half a dot, forming a so-called delta array. Con-
versely, the present embodiment can be made to form a
stripe array. Also, with the present embodiment, a gate line
controlling a neighboring TFT does not traverse the center
of a dot, so the storing capacity Cs is comprised with the gate
line of the next tier or previous tier overlapping the end
portion of this pixel electrode.

[0141]

[0142] FIG. 18A is a plan view illustrating the construc-
tion of a tenth embodiment according to the present inven-
tion, an active matrix type liquid crystal display device, and
FIG. 18B is a cross-sectional view along line XVIIIB-
XVIIIB in FIG. 18A. In these drawings, reference numeral
10 denotes a TFT substrate, upon which is formed a TFT
matrix portion 11 formed of pixel electrodes, TFTS, storage
capacity, data lines, and gate lines. The TFT matrix portion
11 described in the ninth embodiment will suffice here.
Accordingly, redundant description will be omitted. Also,
reference numeral 20 denotes an opposing substrate, upon
which is formed a common electrode facing the pixel
electrodes. The TFT substrate 10 and the opposing substrate
20 face one another across a certain gap, in which liquid
crystal is sealed. Also, 30 denotes gate drivers and 40
denotes data drivers, each having 240 output terminals.

[0143] This active matrix type liquid crystal display
device is a VGA liquid display panel with 1920 pixels in the
column direction and 480 pixels in the row direction.
Accordingly, the TFT matrix portion 11 has 960 data lines
and 960 gate lines.

[0144] Then, in order to drive the 960 data lines, four data
drivers 40 are externally attached to the TFT substrate 10.
On the other hand, though four gate drivers 30 would be
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necessary since there are 960 gate lines, the number of gate
drivers 30 is halved to two in the present embodiment by
providing a demultiplexer portion 12 on the substrate in the
present embodiment.

[0145] The demultiplexer portion 12 is formed of TFTs
and signal wiring on the TFT substrate 10, and is formed at
the same time as forming the TFT matrix portion 11 on the
TFT substrate 10. Accordingly, there is no need to add a new
manufacturing process for forming the demultiplexer por-
tion 12 on the TFT substrate 10.

[0146] FIG. 19 illustrates the circuit configuration of the
demultiplexer portion 12. As shown in FIG. 19, the demul-
tiplexer portion 12 is comprised of an inverter 120 and 480
demultiplexers DMPX1 through DMPX480. Each demulti-
plexer has four TFT transfer gates 121 through 124. Switch-
ing signals Vselect are supplied to the transfer gates 121 and
124 from an unshown control circuit. Also, inverted signals
are supplied to the transfer gates 122 and 123, these signals
being the switching signals Vselect inverted by the inverter
120.

[0147] Next, the operation of the present embodiment will
be described.
[0148] Ineach field cycle, 480 output signals SR1 through

SR480 obtained from the two gate drivers 30 shown in
FIGS. 18A and 18B are sequentially supplied to the input
terminals of the demultiplexers DMPX1 through
DMPX480. Also, the level of the switching signals Vselect
is inverted each time the field cycle switches. Incidentally, in
the following example, the transfer gates 121 through 124
are comprised of n-channel TFTs.

[0149] First, in the event that the level of the switching
signal Vselect is high in an odd field cycle, the transfer gates
121 and 124 are on and the transfer gates 122 and 123 are
off in the demultiplexers DMPX1 through DMPX480.

[0150] Accordingly, the output signals SR1 through
SR480 sequentially output from the gate drivers in the odd
field cycle are sequentially applied to the 480 first gate lines
GALl through GA480, via the transfer gates 121 of the
demultiplexers DMPX1 through DMPX480. During this
time, low-level reference voltage Vg-low is applied to the
second gate lines GB1 through GB480, via the transfer gates
124 of the demultiplexers DMPX1 through DMPX480.
Accordingly, during this time, all TFTs connected to the
second gate lines in the TFT matrix portion 11 are off.

[0151] Next, the level of the switching signal Vselect
switches to low in the even field cycle, so that the transfer
gates 122 and 123 are on and the transfer gates 121 and 124
are off in the demultiplexers DMPX1 through DMPX480.

[0152] Accordingly, the output signals SR1 through
SR480 sequentially output from the gate drivers in the odd
field cycle are sequentially applied to the 480 first gate lines
GB1 through GB480, via the transfer gates 123 of the
demultiplexers DMPX1 through DMPX480. During this
time, low-level reference voltage vg-low is applied to the
second gate lines GB1 through GB480, via the transfer gates
122 of the demultiplexers DMPX1 through DMPX480.

[0153] In this way, interlacing wherein the destination to
which the gate driver supplies output signals is switched is
performed, in the manner of supplying to the first gate lines
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in the odd field cycle and to the second gate lines in the even
cycle, so the number of gate drivers can be cut in half.

[0154]

[0155] FIG. 20A is a plan view illustrating the construc-
tion of an active matrix type liquid crystal display device
according to the eleventh embodiment of the present inven-

tion, and FIG. 20B is a cross-sectional view along line
XXB-XXB in FIG. 20A.

[0156] In the above tenth embodiment, the number of gate
drivers 30 was reduced to half by forming a demultiplexer
portion 12 on the TFT substrate 10. In the present embodi-
ment, a shift register portion 13 is formed on the TFT
substrate 10 instead of the demultiplexer portion 12, thereby
doing away with the need for external gate drivers 30
altogether.

[0157] FIG. 21 shows the circuit configuration of the shift
register portion 13. As with the demultiplexer portion 12, the
register portion 13 formed at the same time as forming the
TFT matrix portion 11 on the TFT substrate 10.

[0158] As shown in FIG. 21, the shift register portion 13
is a cascade connection of 480 register portions REG1
through REG480. Each of the register portions comprised of
a first flip-flop made up of a transfer gate 131A, an inverter
132A, a transfer gate 133A, and an inverter 134A; and a
second flip-flop made up of a transfer gate 131B, an inverter
132B, a transfer gate 133B, and an inverter 134B. The output
terminals of the first flip-flops of the register portions REG1
through REG480 (i.c., the output terminals of the inverters
134A) are each connected to the first gate lines GA1 through
GA480 of the TFT matrix portion 11. On the other hand, the
output terminals of the second flip-flops of the register
portions REG1 through REG480 (i.c., the output terminals
of the inverters 134B) are each connected to the second gate
lines GBI through GB480 of the TFT matrix portion 11.

Eleventh Embodiment

[0159] Next, the operation of the present embodiment will
be described.
[0160] Two phase clocks CK1 and CK2 are supplied to

this shift register portion 13. Of these, the first phase clock
CK1 is supplied to the transfer gates 131A and 131B of each
register portion, and the second phase clock CK2 is supplied
to the transfer gates 133A and 133B of each register portion.

[0161] Also, in the odd field cycle, a start pulse SPA is
supplied to the first flip-flop of the register portion REG1 at
the first tier at the time of starting. Accordingly, in the odd
field cycle, the start pulse SPA sequentially shifts down the
first flip-flops of the cascaded register portions. Conse-
quently, gate voltage equivalent to the start pulse SPA is
sequentially output from the output terminals of the first
flip-flops of each register portion (i.c., from the output
terminal of the inverter 134A of each register portion),
which is sequentially applied to the first gate lines GAl
through GA480.

[0162] Incidentally, in the odd field cycle, shifting action
is performed through the second flip-flops of the register
portions, but a low level signal is provided to the second
flip-flop of the register portion REG1 at the first tier.
Accordingly, in the odd field cycle, the second gate lines
GB1 through GB480 are fixed at low level.

[0163] Also, in the even field cycle, a start pulse SPB is
supplied to the second flip-flop of the register portion REG1
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at the first tier at the time of starting. Accordingly, in the
even field cycle, the start pulse SPB sequentially shifts down
the second flip-flops of the cascaded register portions. Con-
sequently, gate voltage equivalent to the start pulse SPB is
sequentially output from the output terminals of the second
flip-flops of each register portion (i.e., from the output
terminal of the inverter 134B of each register portion),
which is sequentially applied to the second gate lines GB1
through GB480.

[0164] Incidentally, in the even field cycle, shifting action
is performed through the first flip-flops of the register
portions, but a low level signal is provided to the first
flip-flop of the register portion REG1 at the first tier, so the
first gate lines GA1 through GA480 are fixed at low level.

[0165] In this way, according to the present embodiment,
interlaced driving of the first and second gate lines of the
TFT matrix portion 11 is performed by the shift register
portion 13 formed on the TFT substrate 10, so there is no
need to externally attach gate drivers, thereby reducing the
number of parts, and facilitating reduction in the size and
cost of the device.

[0166] Also, an arrangement may be used wherein a
480-tier shift register and the demultiplexer-portion 12 from
the tenth embodiment are formed on the TFT substrate 10
instead for providing a shift register portion 13 of the above
construction. This arrangement yields similar advantages to
those of the above eleventh embodiment.

[0167] Now, it is needless to say that the scope of art of the
present invention is by no means restricted to the above
embodiments; rather, various alterations may be made with-
out departing from the spirit and scope of the present
invention. For example, the above embodiments have been
described with reference to interlaced driving as the driving
method thereof, but non-interlaced driving may be
employed, wherein the gate lines with the subscript “a” are
scanned during ¥ of a period 1H, and the gate lines with the
subscript “b” are scanned during the remaining ¥ of the
period. Also, in the first embodiment, an arrangement was
used wherein the storing capacity is formed simply by the
pixel electrode and the gate line traversing the center
thereof, but the pixel electrode may be extended so as to
overlap the gate line of the next tier, further adding this
portion as storing capacity. Also, the above embodiments
have described examples wherein two or three data lines are
electrically connected, but the number of data lines to be
connected is not restricted to such. However, from a per-
spective of relation with display quality and the like, it is
preferable that the number of data lines to be connected be
up to around three or so.

[0168] As described above, with the active matrix type
liquid crystal display device according to the present inven-
tion, the number of data lines is reduced to half of that of
known arrangements, so the number of data driver required
can be reduced, thereby lower the cost of the device and
reducing the electrical power consumption thereof. The
present invention is also advantageous in that even in cases
of constructing a liquid crystal display panel with a small
display area, the requirements to narrow the pitch in the data
wiring terminal portion are not severely demanding.

[0169] Also, with the active matrix type liquid crystal
display device according to the present invention, flickering
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due to the process precision (particularly the alignment
precision of the exposing apparatus) can be suppressed
according to this positional arrangement of the TFTs for
each dot.

What is claimed is:
1. An active matrix type liquid crystal display device
substrate;

wherein a plurality of data lines and a plurality of gate
lines are provided on a substrate in a matrix form;

wherein on either side of each of said data lines are
provided thin-film transistors and pixel electrodes con-
necting to said thin-film transistors, corresponding with
each of said plurality of gate lines;

and wherein said plurality of data lines are provided so as
to control said pixel electrodes on either side of said
data lines, by signals from the corresponding one of the
two galte lines on either side of each of said pixel
electrodes.

2. An active matrix type liquid crystal display device
substrate according to claim 1, wherein gate electrodes
forming said thin-film transistors are comprised of said gate
lines themselves;

and wherein drain electrodes, which comprise said thin-
film transistors and are electrically connected to said
pixel electrodes, traverse said gate electrodes.

3. An active matrix type liquid crystal display device
substrate according to claim 1, wherein storing capacity is
provided corresponding to each of said pixel electrodes, and
storing capacity lines are provided parallel to said data lines,
between neighboring pixel electrodes between neighboring
data lines;

and wherein one of the electrodes of said storing capacity
is connected to a pixel electrode corresponding thereto,
and the other electrode is connected to said storing
capacity line.

4. An active matrix type liquid crystal display device,
comprising a pair of opposedly positioned substrates
whereby liquid crystal is held therebetween, wherein one of
said substrates is a substrate according to claim 1.

5. An active matrix type liquid crystal display device
according to claim 4, comprising scanning means wherein
an action of sequentially supplying gate voltage to one of the
two gate lines provided on either side of said pixel, and an
action of sequentially supplying gate voltage to the other of
the two gate lines provided on either side of said pixel, are
alternately performed each time a field cycle switches.

6. An active matrix type liquid crystal display device
according to claim 4, comprising:

gate drivers for sequentially outputting gate voltage from
output terminals in each field cycle; and

demultiplexers wherein an action of sequentially supply-
ing gate voltage to one of the two gate lines provided
on either side of said pixel, and an action of sequen-
tially supplying gate voltage to the other of the two gate
lines provided on either side of said pixel, are alter-
nately performed each time a field cycle switches, said
gate voltage being sequentially output from the output
terminals of said gate drivers;

wherein said demultiplexer and said pixel are manufac-
tured by the same manufacturing process.
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7. An active matrix type liquid crystal display device
according to claim 4, comprising:

a first shift register which sequentially shifts first start
pulses and supplies output signals from each stage as
gate voltage to one of the two gate lines provided on
either side each of said pixel electrodes; and

a second shift register which sequentially shifts second
start pulses and supplies output signals from each stage
as gate voltage to the other of the two gate lines
provided on either side each of said pixel electrodes;

wherein said first and second shift registers, and said pixel

are manufactured by the same manufacturing process.

8. An active matrix type liquid crystal display device
substrate, comprising:

a plurality of data lines and a plurality of gate lines
provided on a substrate in a matrix form; and

thin-film transistors and pixel electrodes connecting to
said thin-film transistors provided on one side of each
of said data lines, corresponding with each of said
plurality of gate lines;

wherein drain electrodes comprising said thin-film tran-
sistors connecting to said pixel electrodes are provided
on the same side as gate electrodes extending from said
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gate lines and comprising said thin-film transistors,
with a certain number of said data lines being electri-
cally connected,

and wherein said plurality of gate lines are provided so as
to control said thin film transistors connected to each of
said certain number of data lines, each by a different
gate line.

9. An active matrix type liquid crystal display device
substrate according to claim 8, wherein said certain number
of electrically connected data lines are mutually connected
at both sides of said data lines, at least.

10. An active matrix type liquid crystal display device
substrate according to claim 8, wherein said data lines are
electrically connected at intervals of odd numbers.

11. An active matrix type liquid crystal display device
substrate according to claim 8, wherein one or more but a
certain number or less of gate lines are layered upon said
pixel electrodes, said gate lines traversing said pixel elec-
trodes and cooperating with said pixel electrodes to form
storing capacity.

12. An active matrix type liquid crystal display device,
comprising a pair of opposedly positioned substrates
whereby liquid crystal is held therebetween, wherein one of
said substrates is a substrate according to claim 8.
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