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(54) Liquid crystal display device implementing gray scale based on digital data as well as
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(57) Each of pixels (20) arranged in a matrix is di-
vided into a plurality of sub pixels. Horizontal scanning
lines (60) and vertical scanning lines (70) are arranged
corresponding to rows and columns of the sub pixels,
so that each sub pixel can independently be turned on/

off. Each pixel (20) includes a sub pixel connection cir-
cuit (25) arranged between the sub pixels. Sub pixel
connection circuit (25) connects the pixel electrodes of
corresponding sub pixels in accordance with a sub pixel
connection signal input from a data line (65) in synchro-
nization with activation of vertical scanning line (70).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to liquid crystal
display devices for displaying an image using a liquid
crystal and, more specifically, to a liquid crystal display
device implementing a gray scale.

Description of the Background Art

[0002] Recently, liquid crystal display devices are
used as display panels for a personal computer, televi-
sion receiver, portable telephones and the like. The liq-
uid crystal display device has an advantage over a con-
ventional display device because of its low power con-
sumption and compactness.
[0003] Fig. 8 is a block diagram showing an overall
structure of a conventional liquid crystal display device
500.
[0004] Referring to Fig. 8, liquid crystal display device
500 is provided with a liquid crystal display portion 1002
including a plurality of pixels 1001 arranged in a matrix.
In a color liquid crystal display device, one pixel 1001
consists of pixels 1005 of R (Red), G (Gray) and B
(Blue). It is noted that, in the following description, the
pixel corresponding to the above mentioned reference
numeral 1005 is referred to as "pixel."
[0005] Pixels 1005 are arranged in a matrix in liquid
crystal display portion 1002. Liquid crystal display de-
vice 500 further includes vertical scanning lines 1010
and common lines 1012 arranged corresponding to
rows of pixels and horizontal scanning lines 1011 ar-
ranged corresponding to columns of pixels.
[0006] Fig. 9 is a circuit diagram showing a structure
of pixel 1005.
[0007] Referring to Fig. 9, pixel 1005 includes a liquid
crystal display element 1102 having a pixel electrode
and a common electrode arranged opposite to each oth-
er. Nodes respectively connected to the pixel electrode
and common electrode of the liquid crystal display ele-
ment are hereinafter referred to as a pixel electrode
node Na and a common electrode node Nb.
[0008] The orientation of liquid crystal molecules in
the liquid crystal display element changes in accord-
ance with the potential difference between pixel elec-
trode node Na and common electrode node Nb. The lu-
minance of the liquid crystal display element thereby
changes, enabling the luminance of each pixel to be
controlled.
[0009] Pixel 1005 further includes: a storage capaci-
tor 1103 arranged between pixel electrode node Na and
common line 1012; and a TFT (Thin Film Transistor) el-
ement 1101 having its gate connected to vertical scan-
ning line 1011 and electrically connected between signal
line 1011 and pixel electrode node Na.

[0010] In pixel 1005, a positive voltage is applied to
vertical scanning line 1010 (activation) , so that TFT el-
ement 1101 is turned on and the potential level of hori-
zontal scanning line 1011 is transmitted to pixel elec-
trode node Na. Liquid crystal display element 1102 per
se has a capacitance, and therefore liquid crystal dis-
play element 1102 and storage capacitor 1103 are
charged with electricity by turning on TFT element 1101.
[0011] If vertical scanning line 1010 is inactivated and
TFT element 1001 is turned off, on the other hand, the
potential level of pixel electrode node Na is retained by
storage capacitor 1103.
[0012] Returning to Fig. 8, liquid crystal display device
500 further includes a vertical scanning circuit 1003 for
sequentially selecting the rows of pixels with a pre-
scribed period, and a horizontal scanning circuit 1006
for supplying a display signal, which is a voltage signal
corresponding to display data, to each column of pixels.
[0013] Vertical scanning circuit 1003 includes a shift
register circuit 1004 and a buffer circuit 1005, and se-
quentially activates vertical scanning lines 1010 and ap-
plies a positive voltage thereto for sequentially selecting
the rows of pixels with a prescribed period.
[0014] Horizontal scanning circuit 1006 includes a
shift register circuit 1007 and a buffer circuit 1008 for
sequentially selecting the columns of pixels with a pre-
scribed period, as well as a switch 1009 arranged be-
tween display signal line 1013 and horizontal scanning
line 1011. Switch 1009 is arranged corresponding to
each row of pixels for connecting/disconnecting corre-
sponding display signal line 1013 and horizontal scan-
ning line 1011. Switches 1009 are sequentially turned
on in accordance with a signal with a prescribed period.
Display signal lines 1013 are respectively arranged for
three pixels of R, G and B since liquid crystal display
device 500 is a color display device.
[0015] Once display signals are written to pixels in
one row of pixels by horizontal scanning circuit 1006, i.
e., one row of pixels is scanned, vertical scanning circuit
1003 inactivates vertical scanning line 1010 that has
been selected so far and applies a 0 or negative voltage
thereto for selecting next row of pixels, and activates the
following vertical scanning line 1010 and applies a pos-
itive voltage thereto.
[0016] The next row of pixels is similarly scanned.
When vertical scanning circuit 1003 scans all rows of
pixels (this is also referred to as 1 frame), the leading
vertical scanning line 1012 is again activated and a pos-
itive voltage is applied thereto. Thus, an image is dis-
played by sequentially writing display signals to all pixels
in one frame.
[0017] As described above, in conventional liquid
crystal display device 500, the luminance of each pixel
corresponds to the potential level of pixel electrode node
Na. Thus, an analog signal of a potential level corre-
sponding to a gradation tone must be written from a hor-
izontal scanning line to pixel electrode node Na to im-
plement a gray scale of the pixels. Accordingly, digital/
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analog conversion is required if display data which is
externally input to the liquid crystal display device is dig-
ital data.
[0018] A so-called area ratio gray scale method of di-
viding each pixel into a plurality of portions is known to
provide a structure of implementing the gray scale in ac-
cordance with a display signal which is a digital signal.
[0019] Fig. 10 is a diagram used for explaining a con-
cept of the area ratio gray scale method.
[0020] Referring to Fig. 10, pixel 1005 is divided into
a plurality of sub pixels SPX1 to SPXn (n: natural
number) in the area ratio gray scale method. Each of
sub pixels SPX1 to SPXn is independently turned on
(maximum luminance) and off (minimum luminance) in
accordance with a digital signal. Accordingly, if a sub
pixel to be turned on is selected in accordance with the
display signal of digital data in each pixel 1005, a gray
scale is achieved in proportion to the area of the select-
ed sub pixel.
[0021] However, the area ratio gray scale method suf-
fers from a problem that the pixel must be divided into
a larger number of portions to increase the number of
gradations. The increase in the number of sub pixels re-
sults in a greater pixel, whereby display resolution and
quality are disadvantageously reduced.

SUMMARY OF THE INVENTION

[0022] An object of the present invention is to provide
a liquid crystal display device capable of implementing
a multiple-gray scale by digital data without impairing a
display quality such as resolution.
[0023] Another object of the present invention is to
provide a portable telephone and portable information
assistance device provided with a liquid crystal display
portion capable of implementing a multiple-gray scale
by digital data without impairing a display quality and
continuously displaying the same image with low power
consumption.
[0024] In short, the present invention is a liquid crystal
display device including a plurality of vertical and hori-
zontal scanning lines and a plurality of pixels.
[0025] The plurality of vertical and horizontal scan-
ning lines are arranged in a matrix. The plurality of pixels
are also arranged in a matrix. Each of the plurality of
pixels includes M (M: natural number of at least 2) sub
pixels. Each sub pixel corresponds to one of the plurality
of vertical scanning lines and one of the plurality of hor-
izontal scanning lines. Each sub pixel includes a liquid
crystal display element as well as a common electrode
and a pixel electrode arranged on either side of the liquid
crystal display element. Each pixel further includes a
sub pixel connection switch arranged between pixel
electrodes of two of the M sub pixels. The sub pixel con-
nection switch corresponds to one of the plurality of ver-
tical scanning lines and one of the plurality of horizontal
scanning lines and is turned on/off in accordance with
the potential level of the corresponding vertical and hor-

izontal scanning lines.
[0026] According to another aspect, the present in-
vention is a portable telephone provided with a liquid
crystal display portion. The liquid crystal display portion
displays information in accordance with a digital signal.
[0027] The liquid crystal display portion includes: a
plurality of vertical and horizontal scanning lines ar-
ranged in a matrix; a plurality of sub vertical scanning
lines, a plurality of first reference potential lines, and a
plurality of second reference potential lines, respectively
arranged corresponding to the plurality of vertical scan-
ning lines; and a plurality of pixels arranged in a matrix.
Each pixel has M (M: natural number of at least 2) sub
pixels. Each sub pixel corresponds to one of the plurality
of vertical scanning lines and one of the plurality of hor-
izontal scanning lines. Each sub pixel includes: a liquid
crystal display element; a common electrode and a pixel
electrode arranged on either side of the liquid crystal
display element; a first switch element connecting the
corresponding horizontal scanning line and a first inter-
nal node in accordance with the potential of the corre-
sponding vertical scanning line; a capacitor for control
for retaining the potential level of the first internal node;
a connection switching circuit connecting one of the first
and second reference potential lines to a second inter-
nal node in accordance with the potential level of the
first internal node; and a second switch element con-
necting the second internal node to the pixel electrode
in accordance with the potential of the corresponding
sub vertical scanning line. Each pixel further includes a
sub pixel connection switch arranged between the pixel
electrodes of two of the M sub pixels. The sub pixel con-
nection switch corresponds to one of the plurality of ver-
tical scanning lines and one of the plurality of horizontal
scanning lines and is turned on/off in accordance with
the potential levels of the corresponding vertical and
horizontal scanning lines.
[0028] According to another aspect, the present in-
vention is a portable digital assistance device provided
with a liquid crystal display portion. The liquid crystal dis-
play portion includes: a plurality of vertical and horizon-
tal scanning lines arranged in a matrix; a plurality of sub
vertical scanning lines, a plurality of first reference po-
tential lines, and a plurality of second reference potential
lines, respectively arranged corresponding to the plural-
ity of vertical scanning lines; and a plurality of pixels ar-
ranged in a matrix. Each pixel has M (M: natural number
of at least 2) sub pixels. Each sub pixel corresponds to
one of the plurality of vertical scanning lines and one of
the plurality of horizontal scanning lines. Each sub pixel
includes: a liquid crystal display element; a common
electrode and a pixel electrode arranged on either side
of the liquid crystal display element; a first switch ele-
ment connecting the corresponding horizontal scanning
line and a first internal node in accordance with the po-
tential of the corresponding vertical scanning line; a ca-
pacitor for control for retaining the potential level of the
first internal node; a connection switching circuit con-
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necting one of the first and second reference potential
lines to a second internal node in accordance with the
potential level of the first internal node; and a second
switch element connecting the second internal node to
the pixel electrode in accordance with the potential of
the corresponding sub vertical scanning line. Each pixel
further includes a sub pixel connection switch arranged
between the pixel electrodes of two of the M sub pixels.
The sub pixel connection switch corresponds to one of
the plurality of vertical scanning lines and one of the plu-
rality of horizontal scanning lines and the display portion
of the corresponding vertical and horizontal portions dis-
play information in accordance with a digital signal.
[0029] Accordingly, a main advantage of the present
invention is that the number of gradation tones can be
increased by a switch connecting the pixel electrodes of
the sub pixels when a gray scale is to be achieved in
each pixel by turning on/off each sub pixel based on dig-
ital data.
[0030] Further, in the liquid crystal display portion, the
number of gradations can be increased in accordance
with a digital signal, and one of the first and second ref-
erence potential lines can be periodically connected to
the pixel electrode of each sub pixel in accordance with
the potential level retained at the internal node by the
capacitor for control. Thus, when continuously display-
ing the same image, a writing operation at a high fre-
quency for driving vertical and horizontal scanning lines
needs not be performed. As a result, power consump-
tion of the portable telephone and portable digital assist-
ance device can be reduced.
[0031] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the present invention when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

Fig. 1 is a block diagram showing an overall struc-
ture of a liquid crystal display device 100 according
to the first embodiment of the present invention.
Fig. 2 is a diagram used for explaining a concept of
connection between sub pixels in liquid crystal dis-
play device 100.
Fig. 3 is a diagram used for explaining a concept of
connection between the sub pixels when each pixel
is divided into three sub pixels.
Fig. 4 is a block diagram schematically showing an
overall structure of a liquid crystal display device
110 according to the second embodiment of the
present invention.
Fig. 5 is a circuit diagram shown in conjunction with
a structure of a sub pixel according to the second
embodiment.
Fig. 6 is an illustration showing a portable telephone

200 according to a modification of the second em-
bodiment.
Fig. 7 is an illustration showing a portable digital as-
sistance device 210 according to the modification
of the second embodiment.
Fig. 8 is a block diagram showing an overall struc-
ture of a conventional liquid crystal display device
500.
Fig. 9 is a circuit diagram showing a structure of a
pixel 1005.
Fig. 10 is a diagram used for explaining a concept
of the area ratio gray scale method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] The embodiments of the present invention will
now be described in detail with reference to the draw-
ings.

First Embodiment

[0034] Fig. 1 shows a block diagram showing an over-
all structure of a liquid crystal display device 100 accord-
ing to the first embodiment of the present invention.
[0035] The liquid crystal display device of the present
invention can be applied to any of color and monochro-
mic liquid crystal display devices, and therefore the
structure of each pixel (corresponding to pixel 1005 in
Fig. 8) will be described in the following.
[0036] When liquid crystal display device 100 is used
for displaying a color image, a color filter of one of R, G
and B is provided for each of pixels having similar struc-
tures, and three pixels form one display unit.
[0037] Referring to Fig. 1, liquid crystal display device
100 is provided with a liquid crystal display portion 10
including a plurality of pixels 10 arranged in a matrix.
Each pixel 20 includes sub pixels SPX1 and SPX2 as
well as a sub pixel connection circuit 25. Although not
shown in the drawing, each of the other pixels 20 ar-
ranged in a matrix is divided into sub pixels SPX1 and
SPX2 and provided with sub pixel connection switch cir-
cuit 25.
[0038] Accordingly, sub pixels SPX1, SPX2 and sub
pixel connection circuit 25 are arranged in a matrix over
liquid crystal display portion 10. An independent vertical
scanning line 70 is arranged corresponding to each row
of sub pixels and sub pixel connection circuits. Further,
a horizontal scanning line 60 is arranged corresponding
to each column of pixels.
[0039] In the example shown in Fig. 1, pixel 20 is di-
vided in a horizontal direction, so that horizontal scan-
ning line 60 is shared by sub pixels SPX1, SPX2 and
sub pixel connection circuit 25.
[0040] Horizontal scanning line 60 includes a first data
line 62 transmitting data corresponding to a display sig-
nal and a second data line 65 transmitting a sub pixel
connection signal for controlling connection between
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the sub pixels. Further, a common line 80 is arranged
corresponding to each column of sub pixels. Common
line 80 supplies a corresponding potential to a common
electrode node Nb.
[0041] Sub pixel SPX1 further includes: a liquid crys-
tal display element 22; a storage capacitor 23 arranged
between a pixel electrode node Na and common line 80;
and a TFT element 21 having its gate connected to ver-
tical scanning line 70 and electrically connected be-
tween first data line 62 and pixel electrode node Na. TFT
element 21 is exemplified as the switch element.
[0042] TFT element 21, liquid crystal display element
22 and storage capacitor 23 respectively correspond to
TFT element 1101, liquid crystal display element 1102
and storage capacitor 1103 described with reference to
Fig. 9. Similarly, vertical scanning line 70, common line
80 and first data line 62 respectively correspond to ver-
tical scanning line 1010, common line 1012 and hori-
zontal scanning line 1011 in Fig. 7. The other sub pixels
have a structure similar to that of sub pixel SPX1.
[0043] Vertical scanning circuit 30 corresponds to ver-
tical scanning circuit 1103 described with reference to
Fig. 8 and sequentially activates vertical scanning lines
70 with a prescribed period and applies a positive volt-
age thereto.
[0044] A control circuit 50 outputs a sub pixel connec-
tion signal to a sub pixel connection select signal line 52
and outputs a display signal to a display signal line 54.
Horizontal scanning circuit 40 includes a shift register
circuit 42, a buffer circuit 45, a switch SW1 arranged be-
tween display signal line 54 and first data signal 62, and
a switch SW2 arranged between sub pixel connection
select signal line 52 and a second data line 65.
[0045] Switches SW1 and SW2 are arranged for eve-
ry column of pixels. Switches SW1 and SW2 arranged
corresponding to each column of pixels are sequentially
turned on by shift register circuit 42 and buffer circuit 45.
Horizontal scanning circuit 40 supplies a corresponding
display signal and sub pixel connection signal to each
column of pixels through first and second data signals
62 and 65.
[0046] In the case of a so-called point at a time meth-
od, sub pixels in one row are supplied with display sig-
nals by horizontal scanning circuit 40 and charged with
electricity. When the display signals are supplied to the
sub pixels in one row, vertical scanning circuit 30 switch-
es among vertical scanning lines 70 to be activated for
selecting next row. Thus, vertical scanning line 70 which
has been activated so far is inactivated so that the po-
tential level thereof attains to 0 or a negative voltage.
Thus, corresponding TFT element 21 is turned off and
the potential level of pixel electrode node Na is retained.
[0047] Liquid crystal display device 100 has a circuit
structure allowing a display signal to be independently
supplied to each sub pixel. Accordingly, each sub pixel
can be independently turned on/off, whereby a gray
scale can be implemented by each pixel 20 even when
the display signal is digital data.

[0048] Liquid crystal display device 100 can imple-
ment a gray scale with a greater number of tones be-
cause of a sub pixel connection circuit 25 arranged be-
tween sub pixels SPX1 and SPX2.
[0049] Sub pixel connection circuit 25 includes: a sub
pixel connection switch SWa connecting the pixel elec-
trode nodes of sub pixels SPX1 and SPX2 in accord-
ance with the potential level of a connection control node
Nc; and a connection control switch SWb connecting
second data line 65 and connection control node Nc in
accordance with the potential level of vertical scanning
line 70.
[0050] This enables a sub pixel connection signal to
be incorporated into connection control node Nc from
second data line 65 at a timing designated by activation
of vertical scanning line 70 and, accordingly, connection
between the sub pixels can be controlled.
[0051] Fig. 2 shows a diagram used for explaining a
concept of connection between the sub pixels in liquid
crystal display device 100.
[0052] Referring to Fig. 2, sub pixels SPX1 and SPX2
are different in display area. Here, a display area ratio
of sub pixels SPX1 to SPX2 is S:2S in Fig. 2, by way of
example. A ratio of capacitance values of the sub pixels
is C: 4C. Here, the capacitance value of the sub pixels
is calculated as a sum of the capacitances of storage
capacity 23 and liquid crystal display element 22.
[0053] First, if sub pixel is SPX1 is turned on to write
a potential V to the pixel electrode node and sub pixel
SPX2 is turned off, the potential at the pixel electrode
node (hereinafter simply referred to as a pixel electrode
potential) of sub pixel SPX is V and the pixel electrode
potential of sub pixel SPX2 is 0.
[0054] Assume that the luminance of each sub pixel
is in proportion to a product of the pixel electrode poten-
tial and the display area. Then, the luminance of the pix-
el before connecting the sub pixels is expressed as fol-
lows.

[0055] Successively, if a positive voltage is applied to
the second data line in a period in which a positive volt-
age is supplied to the vertical scanning line correspond-
ing to connection control switch SWb, sub pixel connec-
tion switch SWa is turned on and the pixel electrodes of
the sub pixels are connected. Accordingly, electric
charges are reallocated to sub pixels SPX1 and SPX2,
so that the potentials of the pixel electrodes of the sub
pixels change.
[0056] Namely, if the pixel electrode potential of the
sub pixels after the connection is V', the following equa-
tion (1) is obtained.

V 3 S + 0 3 2S = V · S

V' 3 (C + 4C) = V 3 C + 0 3 4C (1)
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[0057] From equation (1), an equation V' = V/5 is de-
rived. Accordingly, the potential level of the pixel elec-
trode of sub pixel SPX1 changes from V to V/5, whereas
the potential level of the pixel electrode of sub pixel
SPX2 changes from 0 to V/5.
[0058] The luminance after the connection of the sub
pixels is expressed by the following equation. Thus, an-
other tone may be derived by connecting the sub pixels.

[0059] Then, assume that on and off states of sub pix-
els SPX1 and SPX2 are interchanged. More specifically,
assume that sub pixel SPX2 is turned on to write a po-
tential V to the pixel electrode node and the pixel elec-
trodes of the sub pixels are connected after turning off
sub pixel SPX1.
[0060] Similarly, if the luminance of each sub pixel is
in proportion to a product of the pixel electrode potential
and the display area, the luminance of the pixel before
the connection of the sub pixels is as follows.

[0061] Likewise, if pixel electrode potential after the
connection is V', the following equation (2) is obtained
rather than the above equation (1).

[0062] An equation of V' = 4/5 ·V is derived from the
equation (2). Thus, the potential level of the pixel elec-
trode of sub pixel SPX1 changes from 0 to 4/5 ·V, where-
as the potential level of the pixel electrode of sub pixel
SPX2 changes from V to 4/5 ·V.
[0063] On the other hand, the luminance after the con-
nection of the sub pixels can be expressed by the fol-
lowing equation.

[0064] As described above, another tone can newly
be derived by the connection of the sub pixels.
[0065] As in the foregoing, the pixel divided into sub
pixel SPX1 (area S, capacitance C) and sub pixel SPX2
(area 2S, capacitance 4C) can implement the gray scale
in the following cases.

(1) SPX1 and SPX2 are both turned off (0),
(2) Only SPX1 is turned on (S · V),
(3) Only SPX2 is turned on (2·S·V), and
(4) SPX1 and SPX2 are both turned on (3·S·V). In
addition to the above four tones, the above de-
scribed two types of connections of the sub pixels

V/5 3 S + V/5 3 2S = 3/5·V·S

0 3 S + V32S = 2·V·S

V' 3 (C + 4C) = 0 3 C + V 3 4C (2)

4/5·V 3 S + 4/5· V 3 2S = 12/5· V· S

can implement two intermediate tones in the follow-
ing cases.
(5) The sub pixels are connected after turning on
only sub pixel SPX1 ((3/5) · V·S), and
(6) The sub pixels are connected after turning on
only sub pixel SPX2 ((12/5) · VS). Consequently, a
greater number of tones can be implemented with-
out increasing the number of sub pixels of each pix-
el.

[0066] As is apparent from the above example, a
greater number of intermediate tones can be imple-
mented if the display areas and capacitance values of
the sub pixels are different. The number of intermediate
tones implemented by the connection of the sub pixels
can be adjusted by the area ratio and capacitance ratio
of the sub pixels.
[0067] In the above description, each pixel is divided
into two sub pixels in liquid crystal display device 100.
However, each pixel may be divided into a plurality of,
for example, at least three sub pixels.
[0068] Fig. 3 is a diagram used for explaining a con-
cept of connection between the sub pixels when each
pixel is divided into three sub pixels.
[0069] Referring to Fig. 3, when each pixel is divided
into three sub pixels SPX1 to SPX3, a greater number
of gradation tones can be implemented by arranging be-
tween the sub pixels switches SW12, SW23 and SW13,
which can independently be turned on/off.
[0070] In this case, similarly, the sub pixels and sub
pixel control switches SW12, SW23 and SW13 are ar-
ranged in a matrix and controlled in synchronization with
the vertical and horizontal scanning lines.

Second Embodiment

[0071] Fig. 4 shows a schematic block diagram show-
ing a structure of a liquid crystal display device 110 ac-
cording to the second embodiment of the present inven-
tion.
[0072] Referring to Fig. 4, liquid crystal display device
110 is different from liquid crystal display device 100 ac-
cording to the first embodiment in the structure of sub
pixels. A sub vertical scanning line 71, image signal line
75 and switches SW3 are arranged in addition to vertical
scanning line 70, corresponding to each row of sub pix-
els.
[0073] Sub vertical scanning lines 71 are sequentially
activated with a prescribed period by vertical scanning
circuit 30. Upon activation, a positive voltage is applied
to sub vertical scanning line 71 as in the case of vertical
scanning line 70.
[0074] Switch SW3 is turned on in response to the ac-
tivation of sub vertical scanning line 71 for transmitting
a reference potential generated by a control circuit 50
to an image signal line 75. Note that a structure where
the reference potential is always supplied to each image
signal line 75 without arranging SW3 may be possible.
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[0075] The other parts of the structure are the same
as those of Fig. 1, and therefore description thereof will
not be repeated.
[0076] Fig. 5 shows a circuit diagram used for explain-
ing a structure of a sub pixel according to the second
embodiment.
[0077] Referring to Fig. 5, a sub pixel SPX'1 according
to the second embodiment is different from sub pixel
SPX1 of the first embodiment in that it includes a capac-
itor for control 26, connection switching circuit 30 having
TFT elements 27 and 28, and TFT element 29 used as
a switch element.
[0078] Capacitor for control 26 is connected between
internal node Nd, which is connected to first data line 62
through TFT element 21 upon activation of vertical scan-
ning line 70, and a common line 80.
[0079] TFT element 27 is an n type, has its gate con-
nected to internal node Nd, and electrically connected
between image signal line 75 and internal node Ne. TFT
element 28 has a conductivity type different from that of
TFT element 27 and is turned on in a complementary
manner with respect to TFT element 27 in accordance
with the potential level of internal node Nd. TFT element
28 has its gate connected to internal node Nd and is
electrically connected to common line 80 and internal
node Ne.
[0080] TFT elements 27 and 28 are turned on/off in
accordance with the potential level of internal node Nd
in a complementary manner, so that connection switch
circuit 30 connects one of pixel signal line 75 and com-
mon line 80 to internal node Ne in accordance with the
potential level of internal node Nd.
[0081] A TFT element 29 has its gate connected to
sub vertical scanning line 71 and is electrically connect-
ed between internal node Ne and pixel electrode node
Na.
[0082] Thus, one of pixel signal line 75 and common
line 80 is connected to pixel electrode node Na in ac-
cordance with the potential level of internal node Nb dur-
ing activation of sub vertical scanning line 71.
[0083] As in the case of the above described sub pixel
SPX1, the potential level at pixel electrode node Na is
retained by storage capacitor 23.
[0084] In sub pixel SPX'1, a display signal indicating
the on/off state of the sub pixel is transmitted by first
data line 62 and further to internal node Nd in response
to the on state of TFT element 21 and held at capacitor
control 26. Accordingly, when the next row is scanned
and corresponding vertical scanning line 70 is inactivat-
ed, the once applied potential level is retained at internal
node Nd.
[0085] When the potential level held at internal node
Nd is at an H level and turning on of sub pixel SPX'1 is
designated, the on state of TFT element 27 is main-
tained. Thus, upon activation of sub vertical scanning
line 71, pixel electrode node Na and pixel signal line 75
are connected. Conversely, when 0 or a negative volt-
age is retained at internal node Nd, and turning off of

sub pixel SPX'1 is designated, TFT element 28 is turned
on in a complementary manner with respect to TFT el-
ement 27. Upon activation of sub vertical scanning line
71, pixel electrode node Na and common line 80 are
connected.
[0086] As described above, pixel electrode node Na
holds an instruction of turning on/off to the sub pixel at
capacitor for control 26 for periodically connecting one
of pixel signal line 75 and common line 80 to pixel elec-
trode node Na upon activation of sub vertical scanning
line 71. As a result, in continuously displaying the same
image, a writing operation at a high operation frequency
for driving the vertical and horizontal scanning lines is
not performed after the instruction of turning on/off each
sub pixel corresponding to the same image is once held
at capacitor for control 26. Rather, sub vertical scanning
line 71 is periodically activated at a low operation fre-
quency to continuously display a desired image.
[0087] Consequently, power consumption of the hor-
izontal and vertical circuits can be reduced in continu-
ously displaying the same image.
[0088] Moreover, since the connection of pixel signal
line 75 and common line 80 to pixel electrode node Na
is maintained, the potential level of pixel electrode node
Na does not change and reflectance (luminance) does
not change.
[0089] Here, the reference potential transmitted by
pixel signal line 75 is set such that the potential written
to the pixel electrode is at a first potential level obtained
by adding a liquid crystal driving voltage to a potential
level of the opposite substrate (common electrode), or
a second potential level obtained by subtracting the liq-
uid crystal driving voltage from the potential level of the
opposite substrate (common electrode), so as to maxi-
mize the reflectance (the reflectance is minimized in a
so called normally white mode) of the liquid crystals in
the sub pixel which has been instructed to be turned on.
By periodically switching between the first and second
potential levels of different polarities for use as the ref-
erence potential, a problem is avoided which is associ-
ated with image sticking of orientation of the liquid crys-
tals due to constant application of a potential in the same
direction.
[0090] Further, if the potential level transmitted by
common line 80 is set such that the level of a potential
written to the pixel electrode equals to that of the oppo-
site substrate (common electrode), the reflectance of
the liquid crystals in the sub pixel instructed to be turned
off is minimized (maximized in the normally white
mode). Thus, the contrast of the sub pixels, respectively
instructed to be turned on and off, can be maximized.
[0091] Accordingly, in the liquid crystal display device
according to the second embodiment, connection of the
pixel electrodes of the sub pixels can be implemented
and the on/off instruction with respect to the sub pixel
can be held in the sub pixel, so that reduction in power
consumption is achieved when continuously displaying
the same image.
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[0092] Further, a structure of the sub pixel capable of
stably outputting maximum luminance and minimum lu-
minance enables a multiple-gray scale operation with
excellent contrast.

Modification of Second Embodiment

[0093] Fig. 6 is an illustration showing a portable tel-
ephone 200 according to the modification of the second
embodiment.
[0094] Referring to Fig. 6, portable telephone 200 is
provided with a liquid crystal display device 110 accord-
ing to the second embodiment. A display portion of the
portable telephone is formed by a liquid crystal display
portion 10 of liquid crystal display device 110. Thus, the
sub pixel of the display portion has the same structure
as that of Fig. 5. Consequently, reduction in power con-
sumption is achieved when continuously displaying the
same image.
[0095] This characteristic is ideal for the portable tel-
ephone required to consume less power in a so called
wait mode. Portable telephone 200 with liquid crystal
display device 110 of the second embodiment can im-
plement multiple-gray scale based on digital data with-
out impairing a display quality such as resolution and
prolong the battery life by consuming less power.
[0096] Fig. 7 is an illustration showing a portable dig-
ital assistance device 210 according to the modification
of the second embodiment.
[0097] Referring to Fig. 7, as in portable telephone
200, portable digital assistance device 210 is also pro-
vided with liquid crystal display device 110 of the second
embodiment. Accordingly, reduction in power consump-
tion is achieved when continuously displaying the same
image.
[0098] Therefore, portable digital assistance device
210 can implement multiple-gray scale based on digital
data without impairing a display quality such as resolu-
tion and prolong the battery life by consuming less pow-
er.
[0099] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the spirit and
scope of the present invention being limited only by the
terms of the appended claims.

Claims

1. A liquid crystal display device, comprising:

- a plurality of vertical scanning lines (70) and a
plurality of horizontal scanning lines (60) ar-
ranged in a matrix; and

- a plurality of pixels (20) arranged in a matrix,
each of the plurality of pixels including M (M =
natural number of at least 2) sub pixels (25),

each of the sub pixels corresponding to one of
the plurality of vertical scanning lines (70) and
one of the plurality of horizontal scanning lines
(60), each of the sub pixels including

- a liquid crystal display element (22), and
- a common electrode (Nb) and a pixel electrode

(Na) arranged on either side of the liquid crystal
display element (22),
each of the pixels further including

- a sub pixel connection switch (SWa) arranged
between the pixel electrodes (Na) belonging to
two of the M sub pixels, the sub pixel connec-
tion switch (SWa) corresponding to one of the
plurality of vertical scanning lines (60) and one
of the plurality of horizontal scanning lines (70)
and being adapted to be controllably turned on/
off in accordance with potential levels of the
corresponding vertical scanning line (60) and
the horizontal scanning line (70).

2. The device according to claim 1,
wherein each of the plurality of horizontal scanning
lines (60) includes

- a first data line (62) transmitting a level of a po-
tential applied to the pixel electrode, and

- a second data line (65) transmitting a signal for
controlling the sub pixel connection switch
(SWa), wherein each of the sub pixels (25) in-
cludes a switch element (SWb) connecting the
corresponding second data line and a connec-
tion control node (Nc) in accordance with a po-
tential level of the corresponding vertical scan-
ning line (70), and wherein the sub pixel con-
nection switch (S'Wa) is adapted to be turned
on/off in accordance with a potential level at the
connection control node (Nc).

3. The device according to claim 2,
wherein the first data line (62) transmits one of a
potential corresponding to the common electrode
(Nb) and a potential of which the potential difference
with respect to the potential level of the common
electrode (Nb) corresponds to a driving voltage of
the liquid crystal display element (22).

4. The device according to any of claims 1 to 3,
wherein the M sub pixels (25) have different display
areas.

5. The device according to any of claims 1 to 4,
wherein each of the sub pixels (25) further includes
a storage capacitor (23) connected in parallel with
the liquid crystal display element (22), and each of
the M sub pixels has a different capacitance of the
liquid crystal display element (22) and the storage
capacitor (23).
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6. The device according to any of claims 1 to 5,
further comprising a plurality of sub vertical scan-
ning lines (71), a plurality of first reference potential
lines (80) and a plurality of second reference poten-
tial lines (75) each arranged corresponding to each
of the plurality of vertical scanning lines (70), where-
in each of the sub pixels (25) includes

- a first switch element (21) connecting one of the
plurality of the horizontal scanning lines (60)
and a first internal node (Nd) in accordance with
a potential of a corresponding one of the plu-
rality of vertical scanning lines (70),

- a capacitor (26) of control for retaining a poten-
tial level at the first internal node (Nd),

- a connection switching circuit (30) connecting
one of the first reference potential line (80) and
the second reference potential line (75) to a
second internal node (Ne) in accordance with
the potential level at the first internal node (Nd),
and

- a second switch element (29) connecting the
second internal node (Ne) and the pixel elec-
trode (Na) in accordance with a potential of a
corresponding one of the plurality of sub verti-
cal scanning lines (71).

7. The device according to claim 6,
wherein the connection switching circuit (30) in-
cludes

- a first thin film transistor (28) of a first conduc-
tivity type electrically connected between the
first reference potential line (80) and the sec-
ond internal node (Ne) and having a gate elec-
trode connected to the first internal node (Nd),
and

- a second thin film transistor (27) of a second
conductivity type electrically connected to the
second reference potential line (75) and the
second internal node (Ne) and having a gate
electrode connected to the first internal node
(Nd).

8. The device according to claim 6 or 7,
wherein the first reference potential line (80) trans-
mits a potential corresponding to the common elec-
trode, and the second reference potential line (75)
transmits a potential of which the potential differ-
ence with respect to the potential level at the com-
mon electrode corresponds to a driving voltage of
the liquid crystal display element (22).

9. A portable telephone, comprising:

- a liquid crystal display portion (110) for display-
ing information in accordance with a digital sig-
nal, the liquid crystal display portion including

- a plurality of vertical scanning lines (70) and a
plurality of horizontal scanning lines (60) ar-
ranged in a matrix,

- a plurality of sub vertical scanning lines (71), a
plurality of first reference voltage lines (80) and
a plurality of second reference potential lines
(75) each arranged corresponding to each of
the plurality of vertical scanning lines (70), and

- a plurality of pixels (20) arranged in a matrix,
each of the pixels having M (M = natural
number of at least 2) sub pixels (25), each of
the sub pixels corresponding to one of the plu-
rality of vertical scanning lines (70) and one of
the plurality of horizontal scanning lines (60),
each of the sub pixels including

- a liquid crystal display element (22),
- a common electrode (Nb) and a pixel electrode

(Na) arranged on either side of the liquid crystal
display element (22),

- a first switch element (21) connecting the cor-
responding horizontal scanning line (60) and a
first internal node (Nd) in accordance with a po-
tential at the corresponding vertical scanning
line (70),

- a capacitor (26) for control for retaining a po-
tential level at the first internal node (Nd),

- a connection switching circuit (30) connecting
one of the first and second reference potential
lines (80, 75) to a second internal node (Ne) in
accordance with the potential level at the first
internal node (Nd), and

- a second switch element (29) connecting the
second internal node (Ne) and the pixel elec-
trode (Na) in accordance with a potential at the
corresponding sub vertical scanning line (71),

- each of the pixels further including a sub pixel
connection switch (SWa) arranged between the
pixel electrodes (Na) belonging to two of the M
sub pixels (25), and the sub pixel connection
switch (SWa) corresponding to one of the plu-
rality of vertical scanning lines (70) and one of
the plurality of horizontal scanning lines (60)
and being adapted to be controllably turned on/
off in accordance with the potential levels of the
corresponding vertical and horizontal scanning
lines (60, 70).

10. A portable digital assistance device, comprising

- a liquid crystal display portion (110) for display-
ing information in accordance with a digital sig-
nal, the liquid crystal display portion including

- a plurality of vertical scanning lines (70) and a
plurality of horizontal scanning lines (60) ar-
ranged in a matrix,

- a plurality of sub vertical scanning lines (71), a
plurality of first reference voltage lines (80) and
a plurality of second reference potential lines
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(75) each arranged corresponding to each of
the plurality of vertical scanning lines (70), and

- a plurality of pixels (20) arranged in a matrix,
each of the pixels having M (M = natural
number of at least 2) sub pixels (25), each of
the sub pixels corresponding to one of the plu-
rality of vertical scanning lines (70) and one of
the plurality of horizontal scanning lines (60),
each of the sub pixels including

- a liquid crystal display element (22),
- a common electrode (Nb) and a pixel electrode

(Na) arranged on either side of the liquid crystal
display element (22),

- a first switch element (21) connecting the cor-
responding horizontal scanning line (60) and a
first internal node (Nd) in accordance with a po-
tential at the corresponding vertical scanning
line (70),

- a capacitor (26) for control for retaining a po-
tential level at the first internal node (Nd),

- a connection switching circuit (30) connecting
one of the first and second reference potential
lines (80, 75) to a second internal node (Ne) in
accordance with the potential level at the first
internal node (Nd), and

- a second switch element (29) connecting the
second internal node (Ne) and the pixel elec-
trode (Na) in accordance with a potential at the
corresponding sub vertical scanning line (71)

- each of the pixels further including a sub pixel
connection switch (SWa) arranged between the
pixel electrodes (Na) belonging to two of the M
sub pixels (25), and the sub pixel connection
switch (SWa) corresponding to one of the plu-
rality of vertical scanning lines (70) and one of
the plurality of horizontal scanning lines (60)
and being adapted to be controllably turned on/
off in accordance with the potential levels of the
corresponding vertical and horizontal scanning
lines (70, 60).
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