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(57) ABSTRACT

A color liquid crystal display device capable of displaying
color images comprises an input pen for use in determining
the individual position for color display on the screen of a
liquid crystal display panel, a coordinate detector for recog-
nizing the position as designated by the input pen to output the
position as the corresponding coordinate data, a color desig-
nator circuit for designating a color as presently selected for
color display to output the color as a color data, a memory
device for storing the color data representative of the color
designated, a memory controller responsive to receipt of an
address issued from the selected coordinate data for control-
ling the color data to be written into and read out of the
memory, and an output controller which allows the color data
read from the memory to be supplied to the liquid crystal
display panel as video data.
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COLOR LIQUID CRYSTAL DISPLAY DEVICE
AND IMAGE DISPLAY THEREOF

This application is a continuation of U.S. application Ser.
No. 08/725,642 filed Oct. 15, 1996. The disclosure of the
above application is incorporated herein by reference as part
of this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to liquid crystal
display (LCD) devices, and more particularly to color LCD
devices for use with a touch-sensitive pointing input device
and an image display method thereof.

2. Description of the Prior Art

Through the trend of complexity in computerization as to
diversity of information in the recent past, portable or “hand-
held” electronic information management tools including
personal digital assistants (PDAs) have found increasing
applications due to advantages such as small size and light
weight. In the thrust to achievement of such advanced hand-
held information management tools, the pen-input scheme is
becoming more important for permission of direct entry of
input data or instructions by use of a touch-sensitive coordi-
nate pointing input device known as a “pen” pointer in the art
through an associated tough-screen display panel in such a
simple and easy way that allows users to “write down” by
hand on a memo pad. As such pen-input scheme, several
techniques have been proposed until today, including a tech-
nique of laminating a pen-input panel (tablet panel) on an
associated display panel, a technique of common use of a
display panel also as the tablet, and others.

One typical pen-input scheme incorporating the former
technique has been disclosed in, for example, Published
Unexamined Japanese Patent Application (PUJPA) No.
58-200384 and also in PUJPA No. 7-175591. With the prior
art, an input tablet is constituted from two light transmissive
substrates having lateral and longitudinal elongate electrodes
for position detection. The substrates may be made of glass,
polycarbonate or other polymer material. When the pen
pointer is manually operated by users to draw a desired locus
thereon while rendering the pen pressed onto the surface of
the tablet at a tip end thereof, a coordinate detector circuit
operates to sense or detect corresponding coordinates of a
drawing position every time the coordinates change. A con-
trol circuit is responsive to receipt of such detected coordi-
nates for providing adequate image data indicative of charac-
ter set or graphics as pursuant to the coordinate detection
result, allowing a resultant drawing image to be visually
indicated on the LCD panel under the control of LCD driver
circuitry.

Unfortunately, the prior art LCD devices suffer from the
lack of ability to process color images for display. A need has
therefore been felt for a color-image displayable LCD device
for use with the pen-pointer input device permitting direct
entry of input data and instructions.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
anew and improved LCD display scheme capable of avoiding
the problem as faced with the prior art.

It is another object of the invention to provide an improved
color image displayable LCD device while permitting direct
entry of necessary data or instructions by use of an associated
touch-sensitive pointing input device.
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It is yet another object of the invention to provide an
improved method of displaying color images on LCD devices
while permitting direct entry of input data or instructions
using an associated touch-sensitive pointer.

To attain the foregoing objects, the present invention pro-
vides an LCD device having a display panel with an array of
picture elements or “pixels” organized into a matrix, capable
of displaying an image as hand-drawn by use of a touch-
sensitive pointing input device, featured in that the display
device is arranged so that the image is displayable in more
than one color thereon in response to operation of the pointing
input device.

In accordance with another aspect of the instant invention,
there is provided an LCD device including an LCD panel
having an array of rows and columns of pixels defining a
matrix, a position commander for determining a certain posi-
tion for color display on the display panel, a coordinate detec-
tor for recognition of the certain position as determined by the
commander and for generating and issuing an output signal
indicative of a corresponding coordinate data, a color desig-
nator for designation of the kind of a color being selected for
such color display, a memory device for storage of color data
representative of the color as presently designated, a memory
controller responsive to receipt of an address generated from
the selected coordinate data for controlling the color data to
be written into and read from the memory, and an output
controller for allowing the color data read from the memory to
be output onto the display panel as image data.

Inaccordance with still another aspect of the invention, the
commander includes a pen-shaped touch-sensitive input
device for use in drawing any desired locus being subject to
color display on the display panel, while the coordinate detec-
tor includes a recognition function module for recognizing
the locus drawn by the pen pointer thereby to provide an
output being issued as X- and Y-coordinate data correspond-
ing to the pixel dots on the display panel.

In accordance with a further aspect of the invention, the
recognition function module may include a pressure sensor,
an electrostatic sensor or a heat sensor.

Inaccordance with a yet further aspect of the invention, the
color designator is comprised of a color designation area as
provided in advance for a respective one of colors on the
display panel permitting selection of any desired color in
response to the commander. With the invention also, the color
designator may be a color selection menu allowing the opera-
tion mode to be set in a color selection mode and permitting
selection of a desired color through the color selection mode.
The display panel may be of the active matrix type having
thin-film transistors (TFTs) disposed at the pixels thereon.

In accordance with a still further aspect of the invention,
there is provided a method for displaying a color image on an
LCD panel with a matrix of rows and columns of pixels by
using a pen-like touch-sensitive input device operatively
associated therewith, which method includes the steps of
designating a color to be displayed in advance, drawing on the
display panel a locus being color-displayed by use of the pen
pointer input device, providing the address of an associated
data storage device based on the resulting coordinate data
corresponding to the locus drawn, writing the selected color
data into the storage device at the designated address thereof,
and reading color data from the storage device thereby gen-
erating and issuing the same to the display panel as image
data.

In accordance with the invention, the LCD panel has a
matrix of rows and columns of pixels. To display a color
image, a color designation means acts first to designate or
determine the color to be displayed. This color designation
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may be performed by execution of pointing one of color
designation areas each predefined for the individual color on
a display panel; or alternatively, the same may be attained by
setting the operation mode in a color selection mode through
operation of a color selection menu.

Then, a position commander unit operates to instruct a
specific position being subject to such color display on the
display panel. More practically, the commander may be a
touch-sensitive pointing input device, which is generally
known as a “pen pointer” tool This pen pointer is for use in
drawing any desired line of locus to be color-displayed on the
LCD panel screen. Each position designated by the com-
mander is next recognized by a coordinate detector unit,
which generates and issues corresponding coordinate data at
an output thereof. The coordinate detector includes a recog-
nizer for recognition of the locus as drawn or defined by
movement of the pen pointer in such a way that the detector
issues an output of recognizer as data indicative of X- and
Y-coordinates corresponding to pixels or dots on the display
panel. The recognizer here may be a pressure sensor, electro-
static sensor, heat sensor, or the like.

A storage controller unit is responsive to receipt of the
resulting coordinate data for generating and issuing an
address selected. Based on the address, the controller also
serves to control read/write operations of color data with
respect to a memory associated. The color data stored in the
memory is then read out under the control of the storage
controller to be supplied as video data to the display panel. In
this way, it becomes possible to display a color image by use
of pen input device.

These and other objects, features and advantages of the
invention will be apparent from the following more particular
description of one preferred embodiment of the invention, as
illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an overall configuration
of'a color LCD device in accordance with one embodiment of
the invention.

FIG. 2 is a diagrammatical representation for explanation
ofacolor data storage scheme as employed in the LCD device
of FIG. 1.

FIGS. 3(a) to 3(c) depict some models of the contents of a
memory in the LCD device shown in FIG. 1.

FIG. 4 illustrates a configuration of table data as stored in
a color designator circuit of the embodiment of FIG. 1.

FIG. 5 shows a configuration of electrical circuitry of an
LCD panel as employed in the FIG. 1 embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a liquid crystal display (LCD) device
in accordance with one preferred embodiment of the inven-
tion includes an LCD panel with a matrix of rows and col-
umns of picture elements or “pixels,” which may also be
called the “dots” in some cases. The LCD panel comes with a
coordinate detector device 2 for detection of coordinates as
input by an associated pen-shaped touch-sensitive pointing
input device known as an “input pen” or “pen pointer” in the
art. Here, the LCD panel is of the active-matrix type which
may be configured as shown in FIG. 5. As shown, the active-
matrix LCD panel incorporates a matrix of pixels, each of
which is at a corresponding one of cross points or intersec-
tions between horizontal scanning lines 52 and vertical signal
transmission lines 53. The individual pixel includes therein a
switch element 50, which selectively turns on and off con-
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trolling adequate transfer of image information to an associa-
tive display medium. This medium may be a liquid crystal
material 51. The switch element may be a three-terminal
element, typically a thin-film transistor (TFT) having the
gate, source and drain electrodes. The scan lines 52 are con-
nected to the gates of TFTs 50, whereas the signal lines 53 are
to the sources (or drains) thereof.

As shown in FIG. 1, the coordinate detector 2 includes a
pair of X/Y-coordinate recognition sensors 21 for recognition
of'the position of an arbitrary point as presently designated by
the input pen 1, by detecting the X- and Y-coordinates thereof
on the LCD display panel. The detector 2 also includes a
coordinate detector circuit 22, which is responsive to receipt
of the recognition data as derived from the X/Y-position rec-
ognition sensors 21 for generating and issuing at the outputs
X- and Y-coordinate data that correspond to dots on a one-to-
one correspondence basis. The sensors 21 may be pressure
sensors, electrostatic sensors, heat sensors, or the like.

The coordinate detector 22 is connected to a memory con-
troller circuit 3. This controller is to perform physical address
settings and read/write control for an associative memory
device 4 (described later). More specifically, the controller 3
generates and issues a physical address(es) for data write in
memory 4 in response to the coordinate data (X- and Y-coor-
dinate data) as detected by coordinate detector 22. Controller
3 also receives information sent from a sequence controller
circuit 5 (later described) to generate when data write a write
command signal such as write enable (WE) at a certain tim-
ing. During read mode, controller 3 attempts to control data
read operation at memory 4 by providing physical address
control for display on the LCD panel and generating a nec-
essary signal (control signal) therefor.

The memory controller 3 is connected to the memory 4 and
also to a color designator circuit 6 and a panel display timing
signal generator circuit 7. The coordinate detector 2, memory
controller 3, color designator 6 and timing generator 7 are
connected to the sequence controller circuit 5 so that they
operate under the control of it. Memory 4 is connected
through an RGB conversion table 8 to an output controller
circuit 9. The panel display timing generator 7 is also con-
nected to output controller 9.

The memory 4 has in its memory space a prescribed num-
ber of addresses as equivalent in number to the resolution of
the display panel, namely, equal to the total number of pixel
dots thereon. Memory 4 can store therein N-bit data enabling
handling of 2 colors of image data. By way of example, in
cases where sixteen (16) different colors are required for
display, the memory is designed to be 4-bit data storable
memory. Further, memory 4 has N sets of storage regions; for
example, in the case of 16 different colors, it is designed to
have four sets of storage regions MEM0, MEM1, MEM2,
MEM3 as shown in FIG. 2, each of which can store therein
4-bit data separately. Note here that FIG. 2 diagrammatically
represents a model of the operational correlation of coordi-
nate detector 2 and memory 4.

The color designator 6 operates when predefined color
selection (designation) coordinates are pointed on the LCD
display panel to set a certain color data corresponding to the
presently pointed color thereon. Here, the “color designation
coordinates” may refer to an area as provided on the LCD
display panel for the individual color. For instance, in cases
where sixteen (16) colors are needed for display, 16 separate
areas are provided on the panel, each of which is associated
with a corresponding one of such colors required. With such
an arrangement, selecting any desired color becomes avail-
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able by execution, using pen 1, of “pointing” color designa-
tion coordinates (color distinction area) as desired for color
display.

It should be noted here that the color data may be specific
data variable in value from zero (0) to 2V~* that can be handled
or processed by memory 4 with N sets of storage regions. For
example, in the situations where 16 different colors are to be
implemented for use, the data is designed to have any value as
selected from “0” to “15” that can be handled by memory 4
with four sets of storage regions MEM0-MEM3. The color
designator 6 has one exemplary built-in table as shown in
FIG. 4. This table shown is for use in 16-color display
schemes; for example, when a “black” is selected based on the
color selection coordinates, a corresponding digital color data
“1111”is set. Alternatively, when a “red” is designated due to
color designation coordinates, a color data “0001” will be set.
In such cases, allocation between colors and color data items
may be determined in an arbitrary manner.

In the illustrative embodiment the color selection coordi-
nates (color distinction area) are arranged on the LCD display
panel enabling selection of any desired color for display by
use of the “pen-pointing” techniques; this may alternatively
be modified such that an exclusive color selection menu is
provided at a selected position on the display screen allowing
users to operate it to attain selection of any color for display.
In other words, operating the color selection menu causes the
screen to change in operation mode so that it is set in a color
selection mode for permission of color selection by way of
such resultant color selection screen. This may advanta-
geously avoid the need of providing in advance the color
distinction areas on the LCD display panel enabling more
efficient use of display screen in area.

The panel display timing generator 7 functions to generate
and issue at its output a write synchronization (sync) signal,
an operation clock signal, a reset command signal (an initial-
izing signal) and others for the LCD display panel, memory
controller 3, and output controller 9. The RGB conversion
table 8 is for conversion of data read from the memory 4 into
corresponding actual color data during display operation of
the LCD panel. Output controller 9 operates to provide retim-
ing, digital-to-analog (D/A) conversion and level-shift opera-
tions of video data and display control signals.

In the embodiment thus arranged, a color selected by use of
either the color selection coordinates (color distinction area)
or the color selection menu on the LCD panel screen is con-
verted by the color designator 6 to a corresponding color data,
which is then stored in respective storage regions of the
memory 4. By way of example, assume that sixteen (16)
different colors are available for display: in this case, resultant
color as selected through operation of the color selection
coordinates (color distinction area) or the color selection
menu is converted using the table (see FIG. 4) of color des-
ignator 6 into 4-bit color data, and is then stored in a respec-
tive one of the storage regions MEM0-MEM3 of memory 4
shown in FIG. 2.

The color data stored in the memory 4 in this way is
thereafter read out of it under the control of memory control-
ler 3 to be sent forth to the RGB conversion table 8. RGB
conversion table 8 is rendered operative to convert the input
color data to RGB data for actual display on the LCD panel
screen, which is then passed to the output controller 9. Output
controller 9 attempts based on a signal(s) from the panel
display timing generator 7 to display such RGB data on the
LCD panel as video information. In this way, any desired
color display is available in responding to input by pen 1.

The operation of the illustrative embodiment will be
described in detail as follows.
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The following description assumes that sixteen (16) differ-
ent colors are employed for display. Imagine that as shown in
FIG. 2, a curvature line A is to be displayed in “black”
whereas a straight line B is in “red” on the LCD screen.
Consider here that the display screen is initially displayed in
“white” as its background color.

Under the above condition, the memory 4 has four sets of
separate storage regions MEM0-MEMS3 as shown in FIG. 2,
while the content of color data being stored in each region is
shown in FIGS. 3A to 3C. FIG. 3 A shows the initial condition
of such storage regions MEM0-MEM3, all of which store
therein logic data “0” since the LCD background color is
“while” as mentioned previously. FIG. 3B illustrates the stor-
age contents of respective regions MEMO0-MEM3 as
observed just after completion of pen-input of the curve A of
FIG. 2, whereas FIG. 3C depicts the contents of regions MEM
after pen-input of the straight line B of FIG. 2.

First, the operator designates in advance his or her desired
color to be displayed on the LCD screen. This color designa-
tion is attained either by execution of “pointing” the color
designation coordinates (color distinction area) or by using a
color selection menu as displayed on the screen.

Since this example assumes that the curve A is first dis-
played in “black,” the operator selects the “black” by pointing
the color designation coordinates or by making use of the
color selection menu. The resulting color selected is then
converted by the color designator 6 into color data. Practi-
cally, such designated color is converted using the conversion
table (see FIG. 4) and is sent forth as output data. In this case,
the “black” is converted into a 4-bit digital signal “1111

After completion of the color designation for display in the
foregoing way, the operator then uses the input pen 1 to draw
his or her desired locus on the LCD display panel. In this
example the curve A is hand-drawn on the display panel. The
resulting locus as drawn on the display panel is output by the
coordinate detector 2 as appropriate coordinate data (the data
representative of X- and Y-coordinates), and thereafter is
input to the memory controller 3. In responding to this,
memory controller 3 generates and issues at its output physi-
cal addresses based on the input coordinate data, attempting
to sequentially write color data into memory 4 at such
addresses generated. The entire storage space of memory 4 is
divided into four regions MEMO0-MEM3 allowing the 4-bit
color data to be written into these regions MEM. The result of
such data write into regions MEM is demonstrated in FIG.
3B.

Then, for display of the straight line B in “red” on the LCD
panel, the operator selects the “red” through pointing of the
color designation coordinates (color distinction area) or using
the color selection menu. Any resultant color selected is then
converted by the color designator 6. In this case the selected
color is converted by the conversion table (see FIG. 4) into
4-bit color data

After completion of the color designation for display, the
operator attempts to hand-draw using the input pen 1 his or
her desired locus, namely, line B of FIG. 2 for example on the
LCD display panel. The locus drawn is output by the coordi-
nate detector 2 as X/Y-coordinate data and is then supplied to
the memory controller 3, which generates and issues at its
output physical addresses sequentially writing color data into
memory 4 at such addresses generated. Practically, the 4-bit
color data “0001” is stored in four regions MEM0-MEM3 of
FIG. 2, respectively. The result of such data storage in regions
MEM is presented in FIG. 3C.

The resultant color data bits as stored in the memory 4 are
later read sequentially from it under the control of memory
controller 3 to be supplied in this order to the RGB conversion
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table 8. RGB conversion table 8 automatically converts the
input color data to corresponding RGB data, which is then fed
to the output controller 9. Output controller 9 executes D/A
conversion for the RGB data as input thereto deriving at its
output an analog color video signal, which is then supplied to
the LCD panel. In this way, the pen-input locus patterns
(curve A and straight line B) are finally displayed on the LCD
screen in the operator’s designated colors, e.g., “red” or
“black” in this case.

It will possibly be desired that the locus patterns are in
other colors. Ifthis is the case, the aforesaid operation will be
repeated while the operator occasionally selects his or her
preferred color(s) by execution of pointing the color designa-
tion coordinates (color distinction area) or using the color
selection menu available at every step for color selection.

As necessary, an extra selection menu for selection of the
background color and line colors may be additionally
arranged on the display panel. To attain such background-
color designation, it should be required that a presently des-
ignated color data be written into the memory 4 at corre-
sponding addresses thereof. This may be accomplished by
employing a specific scheme as follows: reading data out of
memory 4, and replacing the “old” data being previously
stored at an address of the background color data before such
background color designation with the updated background
color data as presently selected. This data replace scheme
may be attained using either one of an exclusive hardware
arrangement and software programs.

In addition, while the illustrative embodiment has been
described under the assumption that it is applied to the case of
16-color images based on 4-bit data, this invention is not
exclusively limited thereto, and may be modified in arrange-
ment to be applicable for any other cases requiring an
increased number of colors for display. Furthermore, the pen-
input technique as employed in the embodiment may be
replaced with any other functionally equivalents, including
the use of a multi-layered panel structure with the pen-input
panel being stacked on the display panel, the use of acommon
panel structure allowing a panel to function both as the dis-
play screen and as the pen-input sheet.

It has been described that the present invention can provide
the LCD display device permitting pen input on its display
panel and the display method therefor.

What is claimed is:

1. A display device for displaying a color image compris-

ing:

adisplay panel comprising a plurality of pixels located in a
matrix, where each of the plurality of pixels has a
switching element;

a selection menu for selection of a background color and a
line color, wherein the selection menu is provided on the
display panel;

a pointing device for pointing to identify a portion on the
display panel after selecting the line color on the display
panel so as to select a locus for the selected line color;

a coordinate detector for outputting data derived from
X-coordinate data and Y-coordinate data corresponding
to the identified portion;

a color designator for setting color data corresponding to
the selected background color and the selected line
color;

a memory device including storage regions for storing the
color data;

amemory controller for generating an address correspond-
ing to the data derived from the X-coordinate data and
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the Y-coordinate data, the address identifying the second
portion on the display panel where the line color is to be
output; and

an output controller for outputting video data to the display
panel, wherein the video data is generated by using the
color data and the address.

2. The display device according to claim 1, further com-

prising at least one coordinate recognition sensor,

wherein the coordinate recognition sensor is at least one
selected from the group consisting of a pressure sensor,
an electrostatic sensor and a heat sensor.

3. The display device according to claim 1, wherein each of
the plurality of pixels includes a thin film transistor as the
switching element.

4. The display device according to claim 1, wherein the
output controller operates to provide retiming, digital/analog
conversion and level shift operations of the video data and
display control signals.

5. The display device according to claim 1, wherein the
pointing device is a pen pointer.

6. A liquid crystal display device having the display device
according to claim 1.

7. The display device according to claim 1,

wherein the number of the storage regions in the memory
device is N;

wherein each of the N storage regions has a number of
addresses equal to a number of pixels; and

wherein 2V colors are addressed for the display panel.

8. A display device for displaying a color image compris-
ing:

a display panel comprising a plurality of pixels located in a
matrix, wherein each of the plurality of pixels has a
switching element;

a selection menu for selection of a background color and a
line color, wherein the selection menu is provided on the
display panel;

a pointing device for pointing to identify a portion on the
display panel after selecting the line color on the display
panel so as to select a locus for the selected line color;

a coordinate detector for outputting a data derived from
X-coordinate data and Y-coordinate data corresponding
to the identified portion;

a color designator for setting N bit color data correspond-
ing to the selected background color and the selected
line color, wherein the N is a natural number;

a memory device including storage regions for storing the
corresponding N bit color data, wherein an i-th bit of the
N color data corresponds to an i-th storage region of the
memory device; and

wherein the i is a natural number not less than 1, and not
greater than the N;

a memory controller for generating an address correspond-
ing to the data derived from the X-coordinate data and
the Y-coordinate data, the address corresponding to the
identified portion on the display panel where the line
color is to be output; and

an output controller for outputting video data to the display
panel, wherein the video data is generated by using the N
bit color data and the address.

9. The display device according to claim 8, further com-

prising at least one coordinate recognition sensor,

wherein the coordinate recognition sensor is at least one
selected from the group consisting of a pressure sensor,
an electrostatic sensor and a heat sensor.

10. The display device according to claim 8, wherein each

of the plurality of pixels includes a thin film transistor as the
switching element.
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11. The display device according to claim 8, wherein the 14. The display device according to claim 8,
output controller operates to provide retiming, digital/analog wherein the number of the storage regions in the memory
conversion and level shift operations of the video data and device is N;
display control signals. wherein each of the N storage regions has a number of
12. The display device according to claim 8, wherein the s addresses equal to a number of pixels; and wherein 2™
pointing device is a pen pointer. colors are addressed for the display panel.

13. A liquid crystal display device having the display
device according to claim 8. I T T
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