US 20030210215A1

a2 Patent Application Publication (0 Pub. No.: US 2003/0210215 Al

ao United States

Takahashi

(43) Pub. Date: Nov. 13, 2003

(54) LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREFOR

(76) Inventor: Hiroyuki Takahashi, Funabashi (JP)

Correspondence Address:

ANTONELLI, TERRY, STOUT & KRAUS,
LLP

1300 NORTH SEVENTEENTH STREET
SUITE 1800

ARLINGTON, VA 22209-9889 (US)

Publication Classification

(1) It CL oo GO9G 3/36
LG TV & R 345/87

7) ABSTRACT

To reduce power consumption at the time of realizing two
screens using two liquid crystal display panels. In perform-
ing a display of a first liquid crystal display panel and a
second liquid crystal display panel such that the display is
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(22) Filed: May 8, 2003 ing rows, scanning signals are sequentially supplied to
scanning signal lines of rows in the display mode and also
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREFOR

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device which includes two liquid crystal display
panels having different display data quantities and can
perform display of images on respective liquid crystal
display panels alternatively or simultaneously and a driving
method thereof.

[0002] The liquid crystal display device has been popu-
larly used as a display device of video information and
character information for an information equipment repre-
sented by a personal computer, a portable information
terminal, a digital camera and a camera built-in type VIR or
the like in view of features thereof that the display device is
thin and light-weighted and exhibits low power consump-
tion. Recently, along with rapid spreading of miniaturized
equipment such as mobile telephones, portable information
terminals and the like, demand for low power consumption
has been increased steadily.

[0003] Particularly, with respect to the mobile telephone
or the like, it is expected that the availability and power
saving can be achieved by providing a screen which displays
simple information such as status information or manipula-
tion information of the equipment apart from a screen for
displaying main useful information such as communication
information, content information and the like. That is, in a
standby state of a mobile telephone having screens on two
surfaces of a body such as a folding type portable telephone,
by setting only the screen of small size and low power
consumption because of a small display data quantity in an
operable state and by operating the screen of required
display data quantity in transmitting and receiving manipu-
lation of communication information, the low power con-
sumption can be achieved as a whole.

[0004] However, to incorporate two liquid crystal display
panels which are driven independently from each other in
the mobile telephone or the like, an inner volume of a limited
housing is in short and, at the same time, a circuit which
drives driving circuits provided to respective liquid crystal
display panels in response to using states becomes necessary
and hence, the circuit constitution becomes complicated and
pushes up a cost.

[0005] Tt is an object of the present invention to provide a
liquid crystal display device which can reduce a volume of
the device and can simplify the circuit constitution in
realizing two screens using two liquid crystal display panels
and, at the same time, can achieve low power consumption
and a driving method thereof.

SUMMARY OF THE INVENTION

[0006] To solve the above-mentioned problems, the liquid
crystal display device according to the present invention has
the basic constitution in which the liquid crystal display
device includes two liquid crystal display panels consisting
of a first liquid crystal display panel (also referred to as a
main panel hereinafter) and a second liquid crystal display
panel (also referred to as a sub panel hereinafter) which
differ in a display data quantity and includes a drain driver
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and a gate driver at a main panel side, and display of images
can be performed alternatively or simultaneously on the
main panel and the sub panel.

[0007] Further, at the main panel side, a video signal line
driving circuit (also referred to as “drain driver”) having a
so-called timing controller (TCON) and a video memory
(graphic RAM), and a scanning signal line driving circuit
(also referred to as “gate driver” hereinafter) is provided.
Then, based on a control of the above-mentioned timing
controller, the drain driver has a function of supplying video
signals to common video signal lines (also referred to as
drain lines) communicated with the main panel and the sub
panel, and the gate driver has a function of supplying
scanning signals to respective gate lines which are individu-
ally provided to the main panel and the sub panel respec-
tively.

[0008] As typical constitutional features of the liquid
crystal display device according to the invention, following
constitutions (1) to (4) are named.

[0009] (1) Aliquid crystal display device characterized by
comprising:
[0010] a first liquid crystal display panel of active

matrix type having a large number of main scanning
signal lines and a large number of main video signal
lines which cross the large number of main scanning
signal lines,

[0011] a second liquid crystal display panel of active
matrix type having a large number of sub scanning
signal lines and sub video signal lines which cross
the large number of sub scanning signal lines and are
also electrically connected to the main video signal
lines of the first liquid crystal display panel,

[0012] a scanning signal line driving circuit which
supplies scanning signals to the main scanning signal
lines and the sub scanning signal lines; and

[0013] a video signal line driving circuit which sup-
plies video signals to the main video signal lines and
the sub video signal lines, wherein

[0014] the scanning signal line driving circuit, in
performing a display of the first liquid crystal display
panel and the second liquid crystal display panel
such that the display is performed in a display mode
with respect to some rows and is performed in a
non-display mode with respect to remaining rows,
sequentially supplies the scanning signals to the
scanning signal lines of rows in the display mode and
also collectively outputs scanning signals for
refreshing to the scanning signal lines of rows in the
non-display mode during retracing periods.

[0015] (2) Aliquid crystal display device characterized by
comprising:
[0016] a first liquid crystal display panel of active

matrix type having a large number of main scanning
signal lines and a large number of main video signal
lines which cross the large number of main scanning
signal lines;

[0017] asecond liquid crystal display panel of active
matrix type having a large number of sub scanning
signal lines and a large number of sub video signal
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lines which cross the large number of sub scanning
signal lines and are also electrically connected to the
main video signal lines of the first liquid crystal
display panel,

[0018] a scanning signal line driving circuit which
supplies scanning signals to the main scanning signal
lines and the sub scanning signal lines; and

[0019] a video signal line driving circuit which sup-
plies video signals to the main video signal lines and
the sub video signal lines, wherein

[0020] the scanning signal line driving circuit, in
performing a display of the first liquid crystal display
panel and the second liquid crystal display panel
such that the display is performed in a display mode
with respect to one liquid crystal display panel and is
performed in a non-display mode with respect to
another liquid crystal display panel, sequentially
supplies the scanning signals to the scanning signal
lines of the liquid crystal display panel in the display
mode and also collectively outputs scanning signals
for refreshing to the scanning signal lines of the
liquid crystal display panel in the non-display mode
during retracing periods.

[0021] (3) Aliquid crystal display device characterized by
comprising:

[0022] a first liquid crystal display panel of active
matrix type having a large number of main scanning
signal lines and a large number of main video signal
lines which cross the large number of main scanning
signal lines;

[0023] asecond liquid crystal display panel of active
matrix type having a large number of sub scanning
signal lines and a large number of sub video signal
lines which cross the large number of sub scanning
signal lines and are also electrically connected to the
main video signal lines of the first liquid crystal
display panel;

[0024] a scanning signal line driving circuit which
supplies scanning signals to the main scanning signal
lines and the sub scanning signal lines; and

[0025] a video signal line driving circuit which sup-
plies video signals to the main video signal lines and
the sub video signal lines, wherein

[0026] the scanning signal line driving circuit and the
video signal line driving circuit, in performing a
display of both the first liquid crystal display panel
and the second liquid crystal display panel in a
display mode simultancously, performs a non-dis-
play with respect to some rows and performs the
display with respect to the remaining rows.

[0027] (4) Aliquid crystal display device according to (3),
characterized in that the liquid crystal display device
includes an image memory which stores display data for a
plurality of rows and a capacity of the image memory is
smaller than a sum of a capacity of display data for per-
forming the display of the whole first liquid crystal display
panel and a capacity of display data for performing the
display of the whole second liquid crystal display panel.
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[0028] Further, as features of a driving method of the
liquid crystal display device according to the present inven-
tion having the above-mentioned constitutions, following
constitutions (3) to (8) are named.

[0029] (5) A driving method of a liquid crystal display
device characterized by comprising:

[0030] a first liquid crystal display panel of active
matrix type having a large number of main scanning
signal lines and a large number of main video signal
lines which cross the large number of main scanning
signal lines;

[0031] asecond liquid crystal display panel of active
matrix type having a large number of sub scanning
signal lines and sub video signal lines which cross
the large number of sub scanning signal lines and are
also electrically connected to the main video signal
lines of the first liquid crystal display panel;

[0032] a scanning signal line driving circuit which
supplies scanning signals to the main scanning signal
lines and the sub scanning signal lines; and

[0033] a video signal line driving circuit which sup-
plies video signals to the main video signal lines and
the sub video signal lines, wherein

[0034] the scanning signal line driving circuit, in
performing a display of the first liquid crystal display
panel and the second liquid crystal display panel
such that the display is performed in a display mode
with respect to some rows and is performed in a
non-display mode with respect to remaining rows,
sequentially supplies the scanning signals to the
scanning signal lines of rows in the display mode and
also collectively outputs scanning signals for
refreshing to the scanning signal lines of rows in the
non-display mode during retracing periods.

[0035] (6) A driving method of a liquid crystal display
device characterized by comprising:

[0036] a first liquid crystal display panel of active
matrix type having a large number of main scanning
signal lines and a large number of main video signal
lines which cross the large number of main scanning
signal lines;

[0037] asecond liquid crystal display panel of active
matrix type having a large number of sub scanning
signal lines and a large number of sub video signal
lines which cross the large number of sub scanning
signal lines and are also electrically connected to the
main video signal lines of the first liquid crystal
display panel;

[0038] a scanning signal line driving circuit which
supplies scanning signals to the main scanning signal
lines and the sub scanning signal lines; and

[0039] a video signal line driving circuit which sup-
plies video signals to the main video signal lines and
the sub video signal lines, wherein

[0040] the scanning signal line driving circuit, in
performing a display of the first liquid crystal display
panel and the second liquid crystal display panel
such that the display is performed in a display mode



US 2003/0210215 Al

with respect to one liquid crystal display panel and is
performed in a non-display mode with respect to
another liquid crystal display panel, sequentially
supplies the scanning signals to the scanning signal
lines of the liquid crystal display panel in the display
mode and also collectively outputs scanning signals
for refreshing to the scanning signal lines of the
liquid crystal display panel in the non-display mode
during retracing periods.

[0041] (7) A driving method of a liquid crystal display
device characterized by comprising:

[0042] a first liquid crystal display panel of active
matrix type having a large number of main scanning
signal lines and a large number of main video signal
lines which cross the large number of main scanning
signal lines;

[0043] asecond liquid crystal display panel of active
matrix type having a large number of sub scanning
signal lines and a large number of sub video signal
lines which cross the large number of sub scanning
signal lines and are also electrically connected to the
main video signal lines of the first liquid crystal
display panel;

[0044] a scanning signal line driving circuit which
supplies scanning signals to the main scanning signal
lines and the sub scanning signal lines; and

[0045] a video signal line driving circuit which sup-
plies video signals to the main video signal lines and
the sub video signal lines, wherein

[0046] the scanning signal line driving circuit and the
video signal line driving circuit, in performing a
display of both the first liquid crystal display panel
and the second liquid crystal display panel in a
display mode simultaneously, performs a non-dis-
play with respect to some rows and performs the
display with respect to the remaining rows.

[0047] (8) A driving method of a liquid crystal display
device according to (7), characterized in that the liquid
crystal display device includes an image memory which
stores display data for a plurality of rows and a capacity of
the image memory is smaller than a sum of a capacity of
display data for performing the display of the whole first
liquid crystal display panel and a capacity of display data for
performing the display of the whole second liquid crystal
display panel.

[0048] Due to the liquid crystal display device and the
driving method thereof according to the invention having the
above-mentioned constitution, at the time of displaying two
screens alternatively or simultaneously using two liquid
crystal display panels, a volume of a video memory can be
reduced, the circuit constitution can be simplified, and low
power consumption can be realized.

[0049] Here, it is needless to say that the invention is not
limited to the above-mentioned constitution and the consti-
tution of embodiments described later and various modifi-
cations are conceivable without departing from the technical
concept of the present invention, and the invention is not
limited to an active matrix type liquid crystal display device
using thin film transistors as active element and is also
applicable to a liquid crystal display device which uses other
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known active elements or a liquid crystal display device
using a liquid crystal display panel of a simple matrix type
or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a plan view for schematically explaining
the first embodiment of the liquid crystal display device
according to the present invention.

[0051] FIG. 2 is a schematic view for explaining an
example of mode for supplying scanning signals and video
signals (display data) to a main panel and a sub panel shown
in FIG. 1.

[0052] FIGS. 3A to 3C are schematic views for explaining
the state of image display in respective display modes of the
main panel PNL1 and the sub panel PNL2 in the first
embodiment of the present invention.

[0053] FIGS. 4A to 4C are schematic views for explaining
the allocation of a memory region of a built-in memory for
respective display modes of a main panel PNL1 and the sub
panel PNL2 in FIGS. 3A to 3C.

[0054] FIG. 5 is a plan view for schematically explaining
the constitution of the second embodiment of the liquid
crystal display device according to the present invention.

[0055] FIG. 6 is a schematic view for explaining an
example of mode for supplying scanning signals and video
signals (display data) to the main panel and the sub panel in
FIG. 5.

[0056] FIG. 7 is an explanatory view of a driving method
of the liquid crystal display device according to the present
invention.

[0057] FIG. 8 is a timing chart for explaining a first
example of a driving method of a liquid crystal display
device having the constitution shown in FIG. 7.

[0058] FIG. 9 is a timing chart for explaining a second
example of the driving method of the liquid crystal display
device according to the present invention.

[0059] FIG. 10 is a timing chart for explaining a third
example of the driving method of the liquid crystal display
device according to the present invention.

[0060] FIG. 11 is a developed perspective view for
explaining a constitutional example of a liquid crystal dis-
play module which uses the liquid crystal display device
according to the present invention.

[0061] FIG. 12 is a plan view for explaining an example
of appearance of the liquid crystal display device according
to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0062] Hereinafter, specific embodiments of the present
invention are explained in detail in conjunction with draw-
ing showing the embodiments. In the drawings which are
referred to in the explanation, parts which have the identical
functions are given same reference symbols and the repeated
explanation of these parts are omitted. Here, the explanation
is made by taking a twisted nematic type liquid crystal
display panel using thin film transistors as active elements as
an example.
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[0063] FIG.1 is a plan view for schematically explaining
the constitution of the first embodiment of the liquid crystal
display device according to the present invention. In the
drawing, reference symbol PNL1 indicates a main panel,
wherein a liquid crystal layer is sandwiched between a first
substrate 1m and a second substrate 503m. On a main
surface of the first substrate 1, that is, on an inner surface
of the first substrate 1m which faces the second substrate
503 in an opposed manner, a large number of gate lines
GLm which extend in a first direction (horizontal direction,
referred to as x direction hereinafter) and are arranged in
parallel in a second direction (vertical direction, referred to
as y direction hereinafter) are formed. Further, in the main
surface of the first substrate 1m, a large number of source
lines (drain lines) DL.m which are arranged such that they
extend in the y direction and are arranged in parallel in the
x direction and cross the gate lines GLm are formed.
Hereinafter, the explanation is made using the term “source
lines DLm”.

[0064] Reference symbol PNIL2 indicates a sub panel,
wherein a liquid crystal layer is sandwiched between a first
substrate 1s and a second substrate 503s. On a main surface
of the first substrate 1s, that is, on an inner surface of the first
substrate 1s which faces the second substrate 503s in an
opposed manner, a large number of gate lines GLs which
extend in the x direction and are arranged in parallel in the
y direction are formed. Further, in the main surface of the
first substrate 1s, a large number of source lines DLs which
are arranged such that they extend in the y direction and are
arranged in parallel in the x direction and cross the gate lines
GLs are formed. In this embodiment, the main panel PNL1
and the sub panel PNL2 have the same resolution (defini-
tion) of display, while a screen size of the sub panel PNL2
is smaller than a screen size of the main panel PNLI1.

[0065] The number of source lines DLs formed on the sub
panel PNL2 is smaller than the number of source lines DLm
formed on the main panel PNL1, while the number of gate
lines GLs formed on the sub panel PNL2 is smaller than the
number of gate lines GLm formed on the main panel PNL1.

[0066] On one side (left side in FIG. 1) in the x direction
of the first substrate 1m of the main panel PNLI1, a gate
driver (semiconductor chip) 51 is mounted. The gate driver
51 supplies gate signals (scanning signals) to the gate lines
GLm of the main panel PNL1 and the gate lines GLs of the
sub panel PNL2. That is, the gate driver 51 has terminals
which supply the gate signals to both the gate lines GLm of
the main panel PNL1 and the gate lines GLs of the sub panel
PNL2.

[0067] In the same manner, on one side (lower side in
FIG. 1) in the y direction of the first substrate 1m, a source
driver (drain driver: semiconductor chip) 52 is mounted.
Hereinafter, explanation is made using the term “source
driver 52”. Some of the source lines DLm of the main panel
PNL1 are driven by the source driver 52 mounted on the first
substrate 1m of the main panel PNL1 in such a manner that
they are communicated with the source lines DLs of the sub
panel PNL2.

[0068] Inthe source driver 52, a timing controller (TCON)
520 which generates timing signals and the like for display-
ing images on the main panel PNL1 and the sub panel PNL.2
based on video data and various timing signals including
clock signals inputted from an outer signal source (CPU or
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the like at a body side) by way of a first flexible printed
circuit board 300, and a video memory (graphic memory:
GRAM) 521 which stores the video data are incorporated.
Hereinafter, the explanation is made by naming the video
memory as “built-in memory”. Here, a power source circuit
(semiconductor chip) 53 is mounted on the flexible printed
circuit board 300.

[0069] The main panel PNL1 and the sub panel PNL2 are
connected by way of a second flexible printed circuit board
301 and the scanning signals and video signals (gray scale
voltages) from the gate driver 51 and the source driver 52 are
supplied to the main panel PNL1 and the sub panel PNL2.
Further, on inner surfaces of respective second substrates
503m, 503s of the main panel PNL1 and the sub panel
PNL2, color filters of three colors (RGB) and common
electrodes are formed. A common electrode voltage (Vcom)
is applied to the common electrodes. Here, the color filters
and the common electrodes are not shown in the drawing.

[0070] FIG. 2 is a schematic view for explaining an
example of a supply mode of scanning signals and video
signals (display data) to the main panel and the sub panel in
FIG. 1. In this example, the display capacity of the main
panel PNL1 is 176 columnsxRGB in the x direction and 240
rows in the y direction. Then, the display capacity of the sub
panel PNL2 is 88 columnsxRGB in the x direction and 64
rows in the y direction.

[0071] The built-in memory 521 provided to the source
driver 52 has a capacity which corresponds to the display
capacity of the main panel PNL1 (176 columnsxRGB)x240
rows). This built-in memory 521 can be allocated to both the
main panel PNL1 and the sub panel PNL.2. The source driver
52 has the number of terminals corresponding to a display
width (176xRGB=width of arrangement of 528 pieces of
source lines) of the main panel PNLI1.

[0072] Further, the gate driver 51 includes, in addition to
the number of terminals which corresponds to a width of
arrangement of number of terminals (240 pieces) for scan-
ning the main panel PNLI1, the number of terminals which
corresponds to a width of arrangement of number (64
pieces) of terminals for scanning the sub panel PNL2.
Source lines DLs of the sub panel PNL2 are formed by
electrically extending the source lines DLm of the main
panel PNL1. As mentioned previously, the source lines DLs
of the sub panel PNL2 and the source lines DLm of the main
panel PNL1 are connected with each other on the second
flexible printed circuit board 301.

[0073] FIGS. 3A to 3C are schematic views for explaining
the image display state in respective display modes of the
main panel PNL1 and the sub panel PNL2 in this embodi-
ment. FIGS. 4A to 4C are schematic views for explaining
the allocation of memory regions in the built-in memory for
respective display modes of the main panel PNL1 and the
sub panel PNL2 in FIGS. 3A to 3C. The allocation states in
the built-in memory shown in FIGS. 4A to 4C correspond
to respective display mode in FIGS. 3A to 3C.

[0074] The liquid crystal display device of this embodi-
ment has three display modes. The first display mode is a
mode in which a display is performed only on the main panel
PNL1 (PNL1 in the ON state) and a display is not performed
on the sub panel PNL2 (PNL2 in the OFF state). The second
display mode is a mode in which a display is performed on
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both the main panel PNL1 and the sub panel PNL2 (PNLI1,
PNL2 in the ON state). The third display mode is a mode in
which a display is performed only on the sub panel PNL2
(PNL2 in the ON state) and a display is not performed on the
main panel PNL1 (PNL1 in the OFF state). In FIGS. 3A to
3C, whitened portions indicate that the respective panels are
in the display state and hatching indicates that the respective
panels are in the non-display state. In FIGS. 4A to 4C,
whitened portions indicate regions which are served for
display of the built-in memory 521 (GRAM) and hatching
indicates a region which is not served for display.

[0075] FIG. 4A shows an allocation state of a display data
region of the built-in memory in the first display mode
shown in FIG. 3A. In this operation mode, the whole 240
rows of the built-in memory (176 columnsxRGB)x240 rows
are served for storing the display data of the main panel
PNL1. Further, FIG. 4B shows an allocation state of the
built-in memory in the second display mode shown in FIG.
3B. In this operation mode, a region of the built-in memory
defined by the row direction (176 columnsxRGB)x176 rows
is served for display of the main panel PNL1, and a region
of the built-in memory defined by the row direction (176
columnsxRGB)x64 rows is served for display of the sub
panel PNL2. Here, with respect to the screen of the main
panel PNL1, both ends (176 columnsxRGB)x32 and (176
columnsxRGB)x32 constitute non-display regions and an
amount of display corresponding to the non-display regions
is allocated to the display of the sub panel PNL2 and hence,
the main panel PNL1 performs the image display which is
narrowed by an amount corresponding to the display per-
formed on the sub panel PNL2.

[0076] The operation of the gate driver 51 in this second
display mode scans both the main panel PNL1 and the sub
panel PNL2. However, the total number of scanning rows is
set to a value below the number of rows which the source
driver 52 can handle. Here, since the total number of rows
(240464=304 rows) is larger than the number of rows (240
rows) which the source driver 52 can handle, at least a
portion corresponding to the exceeding amount is not
scanned. Non-scanned rows are collectively applied for
refreshing during the retracing periods. The built-in memory
521 is served for storing the display data for number of rows
(176 rows) for the main panel PML1 and the display data for
number of rows (64 rows) for the sub panel PNL2.

[0077] Then, FIG. 4C indicates the allocation state of the
display data storage region of the built-in memory in the
third display mode shown in FIG. 3C. In this operation
mode, the region of the display data of the sub panel PNL.2
is allocated to the (176 rowsxRGB)x64 rows in the built-in
memory. As the operation of the gate driver 51, the sub panel
PNL2 side is scanned and the scanning pulses are applied to
the main panel PNL1 side during the retracing periods for
refreshing. The whole rows (64 rows) of the built-in memory
521 are served for storing the display data of the subpanel
PNL2. In performing the display only on the sub panel
PNL2, the access region of the built-in memory 521 is small,
that is, the number of scanning rows is small and hence, it
is possible to reduce the power consumption.

[0078] In this manner, with respect to respective display
modes shown in FIGS. 3A to 3C, in the first display mode
which performs the display only on the main panel PNL1,
the gate driver 51 performs the usual scanning with respect
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to the main panel PNL1 and collectively applies the scan-
ning pulses to the sub panel PNL2 during the retracing
period thus performing refreshing. The whole built-in
memory 521 (here, corresponding to 240 rows) is served for
storing the display data in the main panel PNLI1. Control
signals for driving the gate lines are generated by the timing
controller (TCON) 520.

[0079] FIG. 5 is a plan view for schematically explaining
the constitution of the second embodiment of the liquid
crystal display device according to the present invention.
Further, FIG. 6 is a schematic view for explaining an
example of mode for supplying scanning signals and video
signals (display data) to the main panel and the sub panel in
FIG. 5. Also in this embodiment, a display capacity of the
main panel PNL1 is 176 rowsxRGB in the x direction and
240 rows in the y direction. Further, a display capacity of the
sub panel PNL2 is 88 rowsxRGB in the x direction and 64
rows in the y direction.

[0080] In FIG. 5 and FIG. 6, reference symbols equal to
those in FIG. 1 correspond to identical functional parts. In
this embodiment, a gate driver is divided at both sides (left
and right sides in FIG. 5) of the main panel PNL1 and the
divided gate drivers are mounted as a first gate driver 511
and a second gate driver 512. Gate lines GLm of the main
panel PNL1 are wired from left and right sides of the panel.
Although wiring to gate lines GLs of the sub panel PNL2 is
pulled out from the first gate driver 511, the wiring may be
pulled out from the second gate driver 512. Since other
constitutions of this embodiment are substantially equal to
those of the first embodiment, the repeated explanation is
omitted.

[0081] According to this embodiment, it is possible to
arrange the gate lines in the periphery of the display screen
constituted by the main panel of the liquid crystal display
device, that is, so-called picture frame regions in a left-and-
right symmetry and, at the same time, a space necessary for
wiring has a margin and hence, it is possible to increase a
width size of the wiring whereby the tolerance in design
including reduction of wiring resistance can be enhanced.

[0082] Then, a method for driving the liquid crystal dis-
play device of the invention is explained with respect to
respective display modes explained in conjunction with
FIGS. 3A to 3C and FIGS. 4A to 4C.

[0083] FIG. 7 is an explanatory view of the driving
method of the liquid crystal display device according to the
invention and is an explanatory view which simplifies the
constitution of the first embodiment of the invention shown
in FIG. 2 by adding gate line number and the source line
number. Further, FIG. 8 is a timing chart for explaining a
first example of the driving method of the liquid crystal
display device having the constitution shown in FIG. 7. This
driving example corresponds to the first display mode which
performs the display using only the main panel explained in
FIG. 3A and FIG. 4A (PNL1: ON, PNL2: OFF). The
operational explanation shown in FIG. 8 is also applicable
to the second embodiment explained in conjunction with
FIG. 6 by giving numbers similar to those in FIG. 7 to the
gate lines distributed at the left and right sides of the main
panel PNL1.

[0084] InFIG. 7, reference symbol GLs indicates the gate
signal lines leading to the gate lines (G1 to G64) of the sub
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panel PNL2, reference symbol GLm indicates the gate
signal lines leading to the gate lines (G65 to G304) of the
main panel PNL1, and DLm (S1 to S528) are the source
signal lines outputted to the source lines (176xRGB) of the
main panel PNL1 from the source driver 52. A portion (S1
to S264) of the source signal lines DLm is communicated
with the source signal lines DLs supplied to the source lines
(88 rowsxRGB) of the sub panel PNL2. Gate signals are
supplied to the gate lines G1 to G64 of the sub panel PNL2
from the gate driver 51. Further, the gate signals are supplied
to the gate lines G65 to G304 of the main panel PNL1 from
the gate driver 51.

[0085] In the timing chart shown in FIG. 8, reference
symbols G1 to G304, S1, S2 to S528 correspond to the gate
lines and source lines which are given reference symbols
equal to those in FIG. 7. Further, reference symbol F
indicates a frame period, Ts indicates a scanning period, Th
indicates a retracing period, and Vcom indicates a counter
electrode voltage. The operational example of this embodi-
ment is explained also in conjunction with FIG. 3A and
FIG. 4A hereinafter.

[0086] Asshown in FIG. 8, the scanning signals (scanning
pulses of High level) are collectively applied to the gate lines
G1 to G64 of the sub panel PNI.2 which is in the non-display
mode during the retracing period Tb so that the scanning is
not performed. The scanning signals are sequentially sup-
plied to the gate lines G65 to G304 of the main panel PNL1
which is in the display mode during the scanning period Ts
thereof. Here, the voltage Vcom which is applied to the
counter electrodes during the scanning period Ts and during
the retracing period Tb in which the scanning signals are
collectively applied is set at the display level (Low level).

[0087] Further, in all retracing periods Tb, an OFF level
(non-display level) is applied to the source lines S1 to $528,
while in the scanning period Ts, the gray scale signal which
constitutes the display level is supplied to the source lines S1
to S528. Due to such an operation, it is possible to perform
the display only on the main panel PNL1.

[0088] FIG. 9 is a timing chart for explaining a second
example of the driving method of the liquid crystal display
device according to the invention. This driving example
corresponds to the second display mode in which the display
is performed on both the main panel and the sub panel
explained in conjunction with FIG. 3B and FIG. 4B (PNL1:
ON, PNL2: ON). Here, the operational explanation in FIG.
9 is also applicable to the second embodiment explained in
conjunction with FIG. 6 by giving numerals similar to those
in FIG. 7 to the gate lines distributed at the left and right
sides of the main panel PNLL1. In FIG. 9, reference symbols
equal to those in FIG. 8 show timings of portions having
identical functions. Hereinafter, this operational example,
that is, the operation of the second display mode shown in
FIG. 9 is explained also in conjunction with FIG. 7, FIG.
3B and FIG. 4B.

[0089] In FIG. 9, in the sub panel PNL2, the scanning
signals are supplied to the gate lines G1 to G64 during the
scanning period Ts. On the other hand, the scanning signals
(scanning pulses) are collectively applied to the gate lines
G65 to G96 and G273 to G304 of the main panel PNL1
during the retracing period Tb so as to set those lines in the
non-scanning state. Further, the scanning signals are applied
to the gate lines G97 to G272 during the scanning period Ts.
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On the other hand, as shown in FIG. 4B, the display data for
the sub panel PNL2 are stored in a region of the built-in
memory (GRAM) 521 corresponding to 64 pieces of scan-
ning lines, while the display data for the main panel PNL1
are stored in a region of the built-in memory 521 corre-
sponding to 176 pieces of scanning lines. Then, an OFF level
(non-display level) is supplied to the source lines S1 to S528
during the retracing period Tb and an ON level (display
level) is supplied to the source lines S1 to S528 during the
scanning period Ts.

[0090] Due¢ to such an operation, images of the built-in
memory (GRAM) 521 corresponding to 64 pieces of scan-
ning lines are displayed on the whole region of the sub panel
PNL2, while images of the built-in memory (GRAM) 521
corresponding to 176 pieces of scanning lines are displayed
within a range of the scanning lines 33 to 208 of the main
panel PNL1.

[0091] FIG. 10 is a timing chart for explaining the third
example of the driving method of the liquid crystal display
device according to the present invention. This driving
example corresponds to the third display mode in which the
display is performed only on the sub panel explained in
conjunction with FIG. 3C and FIG. 4C (PNL1: OFF, PNL2:
ON). Here, the operational explanation in FIG. 10 is also
applicable to the second embodiment explained in conjunc-
tion with FIG. 6 by giving numerals similar to those in FIG.
7 to the gate lines distributed at the left and right sides of the
main panel PNL1. In FIG. 10, reference symbols equal to
those in FIG. 8 show timings of portions having identical
functions. Hereinafter, this operational example, that is, the
operation of the third display mode shown in FIG. 10 is
explained also in conjunction with FIG. 7, FIG. 3C and
FIG. 4C.

[0092] In FIG. 10, to the gate lines G65 to G304 of the
main panel PNL1 in the non-display mode, the scanning
signals (scanning pulses of High level) are collectively
applied during the tracing period Tb so as to set the main
panel PNL1 to the non-scanning state. The scanning signals
are sequentially supplied to the gate lines G1 to G64 of the
sub panel PNL2 which is in the display mode during the
scanning period Ts. Here, the voltage Vcom which is applied
to the counter electrodes during the scanning period Ts and
during the retracing period Tb in which the scanning signals
are collectively applied is set as the display level (Low
level).

[0093] Further, in all retracing periods Tb, an OFF level
(non-display level) is applied to the source lines S1 to S528,
while in the scanning period Ts, the gray scale signal which
constitutes the display level is supplied to the source lines S1
to $528. Further, an OFF level is supplied to the source lines
S265 to 528. Due to such an operation, it is possible to
perform the display only on the subpanel PNL2. Accord-
ingly, in this display mode, the power consumption can be
suppressed so that the standby or the like for a long time can
be realized.

[0094] FIG. 11 is a developed perspective view for
explaining a constitutional example of a liquid crystal dis-
play module used in the liquid crystal display device of the
invention. On a first substrate 1 of the main panel PNLI, an
active matrix array (display region) 50, the gate driver 51
and the source driver 52 are formed, while on a main surface
(inner surface of the second substrate 503, color filters CF
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and common electrodes (not shown in the drawing) are
formed. A liquid crystal layer is secaled between the first
substrate 1m and the second substrate 503m. Further, on a
back surface of the first substrate 1, a phase difference film
504 and a polarization film 505 are mounted. Still further,
also on an upper surface of the second substrate 503m, a
phase difference film 509 and a polarization film 501 are
mounted.

[0095] The above-mentioned gate driver 51 and source
driver 52 are mounted on a periphery of the first substrate
1m, one end of the first flexible printed circuit board 300 on
which the power source circuit 53 formed of an integrated
circuit chip is mounted is connected to a side of the first
substrate 1 on which the source driver 52 is mounted, and the
terminal TM at another end is connected to an external
signal source not shown in the drawing. A lighting device
(backlight) which is constituted of a light emitting diode 506
and a light guide plate 507 is arranged at the back of the
main panel PNL1. These constitutional elements are inte-
grally formed with a lower case 508 and an upper case 500
thus constituting the liquid crystal display module. The
liquid crystal display module is used as display means of a
mobile telephone or a portable information terminal.

[0096] The sub panel PNL2 is connected to one side of the
main panel PNL1 using the second flexible printed circuit
board 301. The structure of the sub panel PNL2 also follows
the structure of the main panel PNLI1, wherein the numbers
of the gate lines and the source lines are set as described
previously.

[0097] FIG. 12 is a plan view for explaining an example
of appearance of the liquid crystal display device according
to the invention. In the main panel PNL1, the liquid crystal
display panel is formed of the first substrate 1m and the
second substrate 503m and the scanning signal line driving
circuit 51 and the video signal line driving circuit 52 which
are constituted of integrated circuit chips are mounted on the
periphery of the active matrix array (display region 50). The
power source circuit 53 is mounted on the flexible printed
circuit board 300.

[0098] The sub panel PNIL2 is connected to the main panel
PNL1 using the second flexible printed circuit board 301.
For example, such a liquid crystal display device can be used
such that the main panel PNL1 is used as a main display
screen of the mobile telephone and the sub panel PNL2 is
used for simple data display such as standby display, time
display and the like.

[0099] As has been explained heretofore, according to the
present invention, it is possible to easily realize the reduction
of volume of the equipment and the simplification of the
circuit constitution at the time of alternatively or simulta-
neously using two screens or two liquid crystal display
panels, whereby it is possible to provide the liquid crystal
display device of low power consumption as a whole.

What is claimed is:
1. A liquid crystal display device characterized by com-
prising:

a first liquid crystal display panel of active matrix type
having a large number of main scanning signal lines
and a large number of main video signal lines which
cross the large number of main scanning signal lines;
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a second liquid crystal display panel of active matrix type
having a large number of sub scanning signal lines and
sub video signal lines which cross the large number of
sub scanning signal lines and are also electrically
connected to the main video signal lines of the first
liquid crystal display panel;

a scanning signal line driving circuit which supplies
scanning signals to the main scanning signal lines and
the sub scanning signal lines; and

a video signal line driving circuit which supplies video
signals to the main video signal lines and the sub video
signal lines, wherein

the scanning signal line driving circuit, in performing a
display of the first liquid crystal display panel and
the second liquid crystal display panel such that the
display is performed in a display mode with respect
to some rows and is performed in a non-display
mode with respect to remaining rows, sequentially
supplies the scanning signals to the scanning signal
lines of rows in the display mode and also collec-
tively outputs scanning signals for refreshing to the
scanning signal lines of rows in the non-display
mode during retracing periods.

2. A liquid crystal display device characterized by com-
prising:

a first liquid crystal display panel of active matrix type
having a large number of main scanning signal lines
and a large number of main video signal lines which
cross the large number of main scanning signal lines;

a second liquid crystal display panel of active matrix type
having a large number of sub scanning signal lines and
a large number of sub video signal lines which cross the
large number of sub scanning signal lines and are also
electrically connected to the main video signal lines of
the first liquid crystal display panel;

a scanning signal line driving circuit which supplies
scanning signals to the main scanning signal lines and
the sub scanning signal lines; and

a video signal line driving circuit which supplies video
signals to the main video signal lines and the sub video
signal lines, wherein

the scanning signal line driving circuit, in performing a
display of the first liquid crystal display panel and
the second liquid crystal display panel such that the
display is performed in a display mode with respect
to one liquid crystal display panel and is performed
in a non-display mode with respect to another liquid
crystal display panel, sequentially supplies the scan-
ning signals to the scanning signal lines of the liquid
crystal display panel in the display mode and also
collectively outputs scanning signals for refreshing
to the scanning signal lines of the liquid crystal
display panel in the non-display mode during retrac-
ing periods.

3. A liquid crystal display device characterized by com-
prising:

a first liquid crystal display panel of active matrix type
having a large number of main scanning signal lines
and a large number of main video signal lines which
cross the large number of main scanning signal lines;
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a second liquid crystal display panel of active matrix type
having a large number of sub scanning signal lines and
a large number of sub video signal lines which cross the
large number of sub scanning signal lines and are also
electrically connected to the main video signal lines of
the first liquid crystal display panel;

a scanning signal line driving circuit which supplies
scanning signals to the main scanning signal lines and
the sub scanning signal lines; and

a video signal line driving circuit which supplies video
signals to the main video signal lines and the sub video
signal lines, wherein

the scanning signal line driving circuit and the video
signal line driving circuit, in performing a display of
both the first liquid crystal display panel and the
second liquid crystal display panel in a display mode
simultaneously, performs a non-display with respect
to some rows and performs the display with respect
to the remaining rows.

4. A liquid crystal display device according to claim 3,
characterized in that the liquid crystal display device
includes an image memory which stores display data for a
plurality of rows and a capacity of the image memory is
smaller than a sum of a capacity of display data for per-
forming the display of the whole first liquid crystal display
panel and a capacity of display data for performing the
display of the whole second liquid crystal display panel.

5. A driving method of a liquid crystal display device
characterized by comprising:

a first liquid crystal display panel of active matrix type
having a large number of main scanning signal lines
and a large number of main video signal lines which
cross the large number of main scanning signal lines;

a second liquid crystal display panel of active matrix type
having a large number of sub scanning signal lines and
sub video signal lines which cross the large number of
sub scanning signal lines and are also electrically
connected to the main video signal lines of the first
liquid crystal display panel;

a scanning signal line driving circuit which supplies
scanning signals to the main scanning signal lines and
the sub scanning signal lines; and

a video signal line driving circuit which supplies video
signals to the main video signal lines and the sub video
signal lines, wherein

the scanning signal line driving circuit, in performing a
display of the first liquid crystal display panel and
the second liquid crystal display panel such that the
display is performed in a display mode with respect
to some rows and is performed in a non-display
mode with respect to remaining rows, sequentially
supplies the scanning signals to the scanning signal
lines of rows in the display mode and also collec-
tively outputs scanning signals for refreshing to the
scanning signal lines of rows in the non-display
mode during retracing periods.

6. A driving method of a liquid crystal display device
characterized by comprising:

a first liquid crystal display panel of active matrix type
having a large number of main scanning signal lines
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and a large number of main video signal lines which
cross the large number of main scanning signal lines;

a second liquid crystal display panel of active matrix type

having a large number of sub scanning signal lines and
a large number of sub video signal lines which cross the
large number of sub scanning signal lines and are also
electrically connected to the main video signal lines of
the first liquid crystal display panel;

scanning signal line driving circuit which supplies
scanning signals to the main scanning signal lines and
the sub scanning signal lines; and

a video signal line driving circuit which supplies video

signals to the main video signal lines and the sub video
signal lines, wherein

the scanning signal line driving circuit, in performing a
display of the first liquid crystal display panel and
the second liquid crystal display panel such that the
display is performed in a display mode with respect
to one liquid crystal display panel and is performed
in a non-display mode with respect to another liquid
crystal display panel, sequentially supplies the scan-
ning signals to the scanning signal lines of the liquid
crystal display panel in the display mode and also
collectively outputs scanning signals for refreshing
to the scanning signal lines of the liquid crystal
display panel in the non-display mode during retrac-
ing periods.

7. A driving method of a liquid crystal display device
characterized by comprising:

a first liquid crystal display panel of active matrix type

having a large number of main scanning signal lines
and a large number of main video signal lines which
cross the large number of main scanning signal lines;

a second liquid crystal display panel of active matrix type

having a large number of sub scanning signal lines and
a large number of sub video signal lines which cross the
large number of sub scanning signal lines and are also
electrically connected to the main video signal lines of
the first liquid crystal display panel;

scanning signal line driving circuit which supplies
scanning signals to the main scanning signal lines and
the sub scanning signal lines; and

a video signal line driving circuit which supplies video

signals to the main video signal lines and the sub video
signal lines, wherein

the scanning signal line driving circuit and the video
signal line driving circuit, in performing a display of
both the first liquid crystal display panel and the
second liquid crystal display panel in a display mode
simultaneously, performs a non-display with respect
to some rows and performs the display with respect
to the remaining rows.

8. A driving method of a liquid crystal display device
according to claim 7, characterized in that the liquid crystal
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display device includes an image memory which stores crystal display panel and a capacity of display data for
display data for a plurality of rows and a capacity of the performing the display of the whole second liquid crystal
image memory is smaller than a sum of a capacity of display ~ display panel.

data for performing the display of the whole first liquid * % % % %
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