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1 

COORDINATE DETECTION DEVICE 
CAPABLE OF OBVIATING THE NEED OF 

FORMIN G  CLOSED LOOP IN ELECTRODES 
THEREOF 

2 
The above-mentioned arrangement enables incorporation 

of a coordinate input function by means of the electronic pen 
without malting alterations in the conventional LCD panel. 

Next. a second prior art (refer to Japanese Patent Laid-
BACKGROUND OF THE INVENTION 5 Open Publication No. SHO 54-24539) will be described. 

1. Field of the Invention The second prior art is. as shown in FIG. 42. exemplary of 
an LCD panel for use in a coordinate input function­
integrated LCD device. In FIG. 42. a reference numeral 31 
denotes an LCD panel. The LCD panel 31 has a glass 

The present invention relates to a coordinate detection 
device. and relates to a coordinate input function-integrated 
liquid crystal display (LCD) device for use as a man­
machine interface provided by using. for example, an LCD 
panel having an electrode structure arranged in an x-y matrix 
form and making the LCD panel itself concurrently have a 
coordinate input function. In more detail. the present inven­
tion relates to a coordinate detection device which can be 
provided by using a conventionally used LCD panel as it is 
without making alterations. In particular. the present inven­
tion relates to a coordinate detection device which can 
concurrently use electrodes of an LCD panel as a part of a 
structure for using a coordinate input method with genera­
tion of an electric field. Further. the present invention relates 
to a coordinate detection means which effects an electric 
field generated from an electric field generating means 
provided separately from the LCD panel on the electrodes of 
the LCD panel and detects an induction voltage generated at 

10 substrate 32 and a glass substrate 35. On an inner surface of 
one glass substrate 32 are formed thick electrodes 33 for 
image display use and thin electrodes 34 for input coordinate 
detection use arranged alternately in an x-axis direction. On 
an inner surface of the other glass substrate 35 are formed 

I 5 thick electrodes 36 for image display use and thin electrodes 
37 for input coordinate confirmation use arranged alternately 
in a y-axis direction perpendicular to the direction of the 
thick electrodes 33 and the thin electrodes 34. A liquid 
crystal material is sealedly filled in a space between the two 

20 glass substrates 32 and 35. Connectors 38 and 3!J are 
attached to the glass substrate 32. while connectors 40 and 
41 are attached to the glass substrate 35. The glass substrates 
32 and 35 are connected to external circuits by way of the 

25 the electrodes, thereby allowing the coordinates of the 
electric field generating means to be detected. 

2. Description of the Prior Art 
Man-machine interfaces in word processors and personal 

computers have achieved remarkable developments in 30 
recent years. I n  particular, there has been proposed a coor­
dinate input function-integrated LCD device which uses a 
coordinate pointing device having an electronic structure as 
a pen and uses an LCD panel as a writing sheet, thereby 
allowing a letter or figure to be directly written on the 35 
display panel (refer to, for example. Japanese Patent Laid­
Open Publication No. HEI 5-53726 as a first prior art). 

The first prior art is a display-integrated type tablet device 
as shown in FIG. 41. As shown in FIG. 41. a switching 
circuit !J07 is switched to a coordinate detection control 40 
circuit !JO(i side in a coordinate detection period under the 
control of a control circuit !JOlO so as to select the control 
circuit !JOli. Then, based on each signal from the detection 
control circuit !JOli, a segment electrode drive circuit 003 
generates a segment electrode operation signal to sequen- 45 
tially scan segment electrodes X of an LCD panel !JOI. 
Subsequently, a common electrode drive circuit !J02 gener­
ates a common electrode scanning signal to sequentially 
scan common electrodes Y. An x-coordinate detection circuit 
!JOS and a y-coordinate detection circuit !JO!J detect respec- 50 
tively an x-coordinate value and a y-coordinate value at a tip 
end of an electronic pen !JOU based on an induction voltage 
induced at the tip end of the electronic pen !JOll. Meanwhile. 
in an image display period, the switching circuit 007 is 
switched to a display control circuit !J04 side so as to select 55 
the display control circuit 904. Consequently. an image is 
displayed on the LCD panel !JOI. 

Thus. according to the first prior art. a display-integrated 
type tablet device can be constructed. 

In other words. according to the above-mentioned first 60 

prior art. a scanning voltage is applied to the LCD panel in 
the coordinate detection period so that the scanning voltage 
detects a voltage induced at the electronic pen to decide the 
coordinates of the electronic pen. and in the image display 
period. image display can be performed according to utterly 65 

the same principle of operation as that of the conventional 
LCD panel. 

connectors 38. 39, 40 and 41. 
The second prior art is to concurrently perform coordinate 

input and image display by means of one LCD panel. The 
second prior art has two operation modes of an image 
display mode and an image input mode. 

It can be considered that the second prior art operates in 
the image display mode by means of the thick electrodes 33 
and 36 which are perpendicular to each other according to a 
principle of operation of a well-known dot matrix LCD. 
Now that LCD devices are widely used, it seems unneces­
sary to provide any special explanation for the image 
display. 

Meanwhile. the second prior art operates in the coordinate 
input mode by forming. for example. three loops 42. 43 and 
44 in the x-direction in a manner as shown in FIG. 43 by 
means of the thin electrodes 34 and 37 formed on the LCD 
panel 31 shown in FIG. 42 and the connectors 38. 3!J, 40 and 
41. By forming the loops 42. 43. and 44. x-coordinate values 
on the LCD panel 31 can be classified into 23 areas. i.e .. 
eight areas. 

When a magnetic field generator 45 including a coil 48 
driven by an AC power source 47 is placed in a position 
denoted by a mark A in FIG. 43. a magnetic field generated 
by the magnetic field generator 45 penetrates the loop 42. 
resulting in generating an induction current through the loop 
42. Meanwhile. the above-mentioned magnetic field 
scarcely penetrates the other loops 43 and 44, resulting in 
generating almost no induction current through the other 
loops 43 and 44. 

When the magnetic field generator 45 is placed in a 
position denoted by a mark B. a magnetic field generated by 
the magnetic field generator 45 penetrates the loops 43 and 
44. resulting in generating an induction current through the 
loops 43 and 44. Meanwhile. the above-mentioned magnetic 
field scarcely penetrates the other loop 42. resulting in 
generating almost no induction current through the other 
loop 42. 

Therefore, by connecting a specified amplifier 5 1  to each 
of the loops 42. 43 and 44, consistently observing the 
magnitude of an output current by means of a comparator 
52. and binarizing the magnitude of the output current from 
each loop by comparison with a threshold value to convert 
an 1/0 output obtained from each loop into a binary number. 
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it can be decided which area of the aforementioned eight 
areas the magnetic field generator 45 is located in. For 
instance, the position denoted by the mark A is represented 

4 
In synchronization with the above-mentioned operation. 

y-axis electrodes YI, Y2. Y3 and Ym are controlled so that 
any one of them is put in a conductive or "on" state. In the 
above-mentioned stage. the LCD panel performs an image by 100, while the position denoted by the mark B is 

represented by OIL and therefore a table representing rela­
tionships between output values and positions is preferably 
used. 

5 display operation according to the same principle of opera­
tion as that of the generic dot matrix type LCD device. 

Next, in an input operation. the 1/0 switching control line 
18 is turned on. and the switching elements 13a and 13b are 
all turned on. Consequently. the x-axis electrodes Xl. X2, 

Position detection in the y-axis direction can be per­
formed utterly in the same manner as in the above­
mentioned position detection in the x-axis direction. Thus. 
by deciding two positions in the x-y-axes directions. the 
coordinates of the magnetic field generator 45 on the LCD 
panel can be detected. 

10 X3 and Xm form loop electrodes 10 arranged in a manner as 
shown in FIG. 45. Further, all the image signals from the 
image signal control circuit 15 are outputted in a non­
conductive or "off" state. and the switching elements 14 are 
all turned off. As described above. in the second prior art. using the 

technique of forming a plurality of coils (loops), consistently 15 observing the magnitude of the induction current induced in 
each coil (loop) from the magnetic field generator 45. and 
specifying the position of the magnetic field generator. one 
LCD panel 31 can be concurrently used for coordinate input 
and image display. 

As an improved device of the first and second prior arts. 20 

there is a third prior art ("coordinate input function­
integrated LCD device" disclosed in Japanese Patent Laid­
Open Publication No. SHO 61-286918). The coordinate 
input function-integrated LCD device of the third prior art 
includes, as shown in FIG. 44. an LCD panel wherein 25 

electrodes X and Y are arranged in an x-y matrix form as a 
coordinate input display panel. FIG. 44 shows only eight 
electrodes X of the x-axis. and partially shows electrodes Y 
of the y-axis. 

30 
As shown in FIG. 44, the third prior art includes 

bi-directional switching elements 13a and 13b. The switch­
ing elements 13 are used for the purpose of forming a 
loop-shaped coil with the electrodes on the device when the 
LCD panel is used as an input device. Control lines of the 

35 switching elements 13a and 13b are all connected to an I/O 
switching control line 18. 

The third prior art further includes switching elements 14 
for use in a case where the LCD panel is used as an image 
display device. An image signal is supplied to the switching 40 
elements 14 by means of an image signal control circuit 15. 
while a specific electric potential is applied to drain elec­
trodes of all the switching elements 14 via a resistor 16. 

Differential amplifiers 19 amplify a weak induction cur­
rent generated in the coil on the loop to a signal level which 45 
can be easily handled when the LCD panel is used as an 
input device. 

The switching elements 13a, the switching elements 14. 
and the image signal control circuit 15 are connected as an 
integrated circuit 20a to each electrode from an upper side 50 
of the panel, while the differential amplifiers 19 and the 
switching element 13b are connected as an integrated circuit 
2Gb to each electrode from a lower side of the panel. 

The third prior art also includes a structure of the elec­
trodes of the y-axis similar to that of the electrodes of the 55 
x-axis. 

In FIG. 45, a reference numeral 11 denotes a cursor coil 
and a reference numeral 12 denotes an AC signal source. In 
the present case, when the cursor coil 11 is driven by the AC 
signal source 12, an induction current flows through the 
electrode 10 connected in a loop form by an AC magnetic 
field exerted from the cursor coil. 

By detecting the induction current. it can be detected 
which of the electrodes of the x-axis the cursor coil is 
located most nearly. A principle of operation similar to the 
principle of detection is also disclosed in the aforementioned 
second prior art (Japanese Patent Laid-Open Publication No. 
SHO 54-24539). 

Furthermore. in the third prior art. it is proposed to 
time-sharingly use the input and the output so as to make the 
LCD panel have the above-mentioned structure inclusive of 
a peripheral circuit, thereby making it an input-output inte­
grated device. FIG. 46 shows an exemplified timing chart of 
the above-mentioned structure. 

In the above--mentioned example, a y-axis electrode Yp is 
turned on for image display. Then. while an adjacent elec­
trode Yp+ 1 is turned on, an I/O switching control terminal is 
turned on, and the switching elements 14 are all turned off 
by the control circuit 15, thereby allowing an input operation 
to be perfonned to obtain position data. Subsequently. the 
y-axis electrode Yp+ 1 is turned on to enter into an image 
display operation. Thus the image display operation and the 
input operation are repeated alternately time-sharingly. 

As described above, the third prior art has a peripheral 
circuit which can perform a control operation so as to 
short-circuit the ends of the electrodes for image display of 
the LCD panel when the panel is used as an input device. 
thereby allowing the electrodes to be connected in an 
appropriate loop form. When the panel is used as an input 
device, the peripheral circuit is operated to form a plurality 
of electrode loops. and an induction current generated in 
each loop when a magnetic field generated from magnetic 
field generating means separately provided for each loop is 
effected is consistently observed so as to obtain the coordi­
nates of the magnetic field generating means. 

What is common to the third prior art and the second prior 
art is the scheme of using one LCD panel concurrently for 
coordinate input and image display as well as the principle 
of coordinate detection itself for dividing in position the 
panel by means of a plurality of loop-shaped coils. consis­
tently observing at each coil an induction current generated 

Next. an operation of the coordinate input function­
integrated LCD device of the third prior art will be described 
with reference to FIG. 44. First, in an image display 
operation. the I/O switching control line 18 is turned off, 
while the switching elements 13a and 13b are all turned off. 
Consequently. x-axis electrodes XI. X2. X3 and Xm are all 
put in independent states. Then. an image signal is supplied 
to the gate electrodes of the switching elements 14 by the 
control circuit 15. and an electric potential is given to an 
electrode connected to the switching element which is 
turned on by the image signal. 

60 when a magnetic field generator is effected on the coils. and 
representing the coordinates of the magnetic field generator 
by a string of binary numbers. A further common factor is a 
variety of problems (described hereinafter) which com­
monly occur due to use of the common principle of detec-

65 tion. 
As shown in the third prior art. the coordinate input 

technique itself for detecting the coordinate position of the 
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5 
magnetic field generator by detecting an induction current 
flowing through a loop when a magnetic field generated 
from the magnetic field generating means is effected on a 
plurality of electrode lines connected in loop forms is a 
well-known technique. 

6 
easily by concurrently fabricating such an element. 
However. the reason why a great amount of semiconductor 
elements have been conventionally able to be concurrently 
fabricated is because circuit requirements to the semicon-

5 ductor elements have been on the same basis. and therefore 
The third prior art differs from the second prior art if 

compared in that no special electrode for coordinate detec­
tion is required to be formed on the LCD panel in the third 
prior art and in that a special peripheral circuit is required for 
concurrent use of the electrodes for image display as a 10 
coordinate detection electrode in the third prior art. 

the required characteristics are consistent. Conversely. it can 
be said that an expensive equipment can be effectively 
operated since such a great amount of semiconductor ele­
ments having consistent characteristics are concurrently 
fabricated. 

In contrast to the above. the switching element to be 
newly incorporated, if it is to be incorporated through 
concurrent fabrication. not only requires circuit require­
ments significantly different from those of the semiconduc-

The aforementioned first prior art and second prior art are 
common in the point that the coordinate detection is per­
formed by means of an LCD panel and an electronic pen. 
However. they differ from each other in that the former 
utilizes signal transmission from the LCD panel to the 
electronic pen whereas the latter utilizes signal transmission 
from the electronic pen to the LCD panel. 

The aforementioned first prior art uses the LCD panel as 
a signal generator. and detects a signal induced at the 
electronic pen from the LCD panel to detect the coordinates 
of the electronic pen on the LCD panel. Therefore, in the first 
prior art. it is indispensable to transmit an output signal 
induced at the electronic pen from the electronic pen to a 
signal processor. The above-mentioned matter is a serious 
obstacle in an attempt at compactly forming the electronic 
pen. The above is because the electronic pen is required to 
be provided with a wired or wireless signal transmission 
means in order to transmit the signal from the electronic pen 
to the signal processor. For instance, when the signal is 
transmitted by wire, an appropriate lead wire for signal 
transmission is necessary. It is apparent that the lead wire is 
a serious obstacle in use. When a wireless transmission is 
performed. there is also an advantage that no lead wire is 
necessary. however, a wireless transmitter for the signal 
must be incorporated for the above-mentioned purpose. In 
such a case, for example. when the electronic pen is entirely 
operated on a battery. it is apparent that a power consump­
tion of the wireless transmitter is a weighty factor in regard 
to the operating life of the battery, thus being accompanied 
by a problem that a significant reduction of the operating life 
of the battery may be incurred. There is also a problem that 
it is difficult to mount a necessary wireless transmitter circuit 
into a small space inside the electronic pen. 

In contrast to the above, in the second prior art. since a 
magnetic signal generated by the electronic pen is processed 
by the LCD panel. there is required no connection cable for 
transmitting the signal detected by the electronic pen. 

15 tor elements which have been conventionally incorporated 
through concurrent fabrication but also has characteristics 
quite different from those of the semiconductor elements. To 
incorporate such a specific semiconductor element newly 
into an LCD panel increases the amount of development 

20 processes of the LCD panel, and this directly connects to 
reduction of yield and significant cost increase. 

Furthermore. according to the technique of the third prior 
art, it has been required to concurrently connect integrated 
circuits comprised of a switching element and a control 

25 circuit. as represented by the integrated circuits 20a and 20b 
in HG. 44, to the LCD panel at the four sides of the panel. 
(Although the integrated circuits are connected to the LCD 
panel longitudinally at two sides in FIG. 44 because only a 
structure related to the x-axis electrodes is shown. However. 

30 since a similar structure is required for the y-axis electrodes. 
consequently it is required to concurrently connect inte­
grated circuits to the electrodes in four directions. i.e., from 
the upper, lower. right, and left sides of the panel.) 
Therefore. an LCD panel for use in such an image display/ 

35 coordinate input function integrated device is required to be 
provided with tab connection terminals at the four sides. 

I n  contrast to the above, a generally used LCD panel 
which performs only image display has a structure in which 

40 tab connection terminals are wired from two or three sides 
of the panel. Therefore, in the aforementioned second prior 
art. such a generally used LCD panel which performs only 
image display cannot be applied as it is to the image 
display/coordinate input function integrated device without 

45 making alterations. 

However, in the second prior art, it is required to form a so 
loop by short-circuiting the ends of the adjoining electrodes 

Therefore, it is of course possible to develop specially for 
the image display/coordinate input function integrated 
device an LCD panel which can newly lead tab connection 
terminals in four directions from the four sides thereof and 
can be directly applied to the second prior art. However. for 
the above-mentioned purpose, a huge amount of investment 
for an equipment is of course required. which is a serious 
problem in developing the industry. 

of the LCD panel in the input stage in order to achieve an 
input function and an image display function by means of a 
single LCD panel. and it is required to open the aforemen­
tioned loop in the image display stage. Therefore, an LCD 55 
panel control circuit owned by an image display/coordinate 
input function integrated device in the second prior art has 
a problem that a switching element having a specific 
bi-directionality which is not necessary in an LCD panel 
control circuit owned by an LCD device for performing only 60 
image display must be additionally incorporated. 

It has been a long time since the industry relevant to the 
liquid crystal techniques is called an equipment industry. In 
other words. the liquid crystal techniques belong to an 
industry having a close relation to a manufacturing equip- 65 

ment. Thus. it tends to be considered that incorporation of a 
new element as described above can be put into practice very 

Collectively speaking. since the above-mentioned second 
prior art requires addition of a coordinate input function to 
a display panel, it is required to newly develop an LCD panel 
specially for an image display/coordinate input function 
integrated device by making alterations in the LCD panel 
itself. Furthermore. in the second and third prior arts. since 
the tab connection terminals wired from the LCD panel are 
connected to a printed circuit board mounted with an inte­
grated circuit 20 and so forth, it is required to lead tab 
connection terminals in four directions from the four sides of 
the LCD panel. Therefore. in the LCD panel to be used in the 
third prior art, an occupation area of a printed circuit board 
included in the LCD panel. or so-called a peripheral edge 
portion of the LCD panel is dimensionally increased more 
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than in the conventional LCD panel which performs only 
image display while allowing tab connection terminals to be 
wired from only two or three sides. The above-mentioned 
arrangement results in a problem that the image display/ 
coordinate input function integrated device as a product 5 

including the LCD panel is dimensionally increased. 

Therefore. according to the present invention. the coor­
dinates of the coordinate pointing device can be detected 
without necessitating a signal line between the coordinate 
pointing device and the panel. Furthermore. the coordinates 
of the coordinate pointing device can be detected according 
to the voltage induced at the first and second electrodes by 

Eventually. it can be considered that the techniques which 
have been conventionally proposed are all hardly imple­
mented or wasteful in terms of both LCD panel manufac­
turing cost and application forms of final products. 

SUMMARY OF THE INVENITON 
The object of the present invention is therefore to provide 

a coordinate detection device capable of solving the afore­
mentioned problems of the prior arts. 

That is, the object of the present invention is to provide a 
coordinate detection device which obviates the need of 
newly incorporating into an LCD panel any switching 
element which has a specific bi-directionality and is capable 
of switching. and obviates the need of providing a tab 
connection terminal at four sides of the LCD panel. 

That is. the object of the present invention is to provide a 
coordinate detection device capable of being applied to a 
device integrated with both an image display function and a 
coordinate input function without making alterations in an 
LCD panel which has been conventionally used specially for 
image display. preventing the increase of development cost 
and the reduction of yield. and dispensing with investment 
for equipment which may cause cost increase, thereby 
totally contributing to development of the industry. 

In order to achieve the aforementioned object, there is 
provided a coordinate detection device comprising: a panel 
which is provided for coordinate detection and includes a 
first electrode and a second electrode extending in a direc­
tion crossing a direction in which the first electrode extends; 
a coordinate pointing device which includes an alternating 
CUITent oscillator and an electrode and outputs from a tip end 
portion of the electrode an alternating current electric field 
generated by the alternating current oscillator; a differential 
amplifier; switching means for sequentially changing con­
nection of the electrodes of the panel so as to sequentially 
select the electrodes and electrically connect each selected 
electrode to the differential amplifier; and coordinate detec­
tion means for detecting coordinates based on a timing at 
which the electrodes are selected and an output of the 
differential amplifier. 

In the coordinate detection device of the present 
invention. the AC generator of the coordinate pointing 
device outputs an AC electric field from the tip end of the 
electrode. When the outputted AC electric field effects on the 
first and second electrodes of the panel. a voltage corre­
sponding to the amplitude of the AC electric field is gener­
ated at the first and second electrodes. 

Meanwhile. the switching means sequentially switches 
the connections of the first and second electrodes of the 
panel so as to connect the selected electrodes to the differ­
ential amplifier. Therefore. when the first and second elec­
trodes at which the voltage is induced are each connected to 
the differential amplifier. the differential amplifier amplifies 
the induction voltage and outputs the resulting voltage. 

The voltage outputted from the differential amplifier is 
inputted to the coordinate detection means. Then, the coor­
dinate detection means detects the coordinates of the coor­
dinate pointing device on the panel based on the timing at 
which the first and second electrodes are each selected and 
the output of the differential amplifier. 

an electric field generated from the coordinate pointing 
device. Therefore, the first and second electrodes are not 
required to form a closed loop. Therefore. an LCD panel 

10 provided specially for image display can be used as the 
above-mentioned panel without making alterations. 
Furthermore. according to the present invention. the first and 
second electrodes are not required to form a closed loop. and 
therefore a coordinate detection function can be incorpo-

15 rated into the LCD panel provided specially for image 
display without providing an electric circuit opposite to the 
four sides of the LCD panel provided specially for image 
display. The above-mentioned fact means that the coordinate 
detection function can be incorporated into the image dis-

20 play device without increasing the size of the image display 
device having the LCD panel provided specially for image 
display. and also means that an image display device having 
a coordinate detection function can be manufactured without 
making great alterations in the existing manufacturing 

25 equipment for the image display device. 
Therefore, according to the present invention. there can be 

provided a coordinate detection device capable of prevent­
ing the increase of development cost and the reduction of 
yield. and dispensing with investment for equipment which 

30 may cause cost increase, thereby totally contributing to 
development of the industry. 

Furthermore. according to the present invention. a signal 
from the electrodes of the panel is amplified in the differ­
ential amplifier. The above-mentioned arrangement has an 

35 advantage that external noises which have entered evenly 
into two inputs of the differential amplifier can be effectively 
removed. 

Furthermore. according to an embodiment. a material 
having an electro-optical effect is sealedly filled in a space 40 between two substrates. and the first and second electrodes 
are arranged on the substrates while making the first and 
second electrodes concurrently serve as electrodes for image 
display. 

45 With the above-mentioned arrangement. a display panel 
which has concurrently the coordinate detection function 
and the image display function can be provided. 

Furthermore, according to an embodiment. the coordinate 
pointing device outputs electric fields which are opposite in 

50 phase to each other from its first and second electrodes to 
which electric fields being opposite in phase to each other 
are applied from the oscillator. 

Therefore, the electrode of the panel receiving the electric 
field from the first electrode outputs an electric field opposite 

55 in phase to the electric field outputted from the electrode of 
the panel receiving the electric field from the second elec­
trode. Therefore, electric fields which are opposite in phase 
to each other are applied to the differential amplifier. 
Therefore. the coordinate detection means can detect a state 

60 in which the electrodes of the coordinate pointing device are 
located in the position of the panel electrode selected by the 
switching means upon detecting a discontinuity of the signal 
outputted from the differential amplifier occurring when the 
electric fields which are opposite in phase to each other are 

65 applied to the differential amplifier. 
Furthermore, according to an embodiment. the first elec­

trode of the coordinate pointing device is a cylinder-shaped 
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electrode. while the second electrode of the coordinate 
pointing device is a rod-shaped electrode arranged inside the 
cylinder-shaped electrode. Therefore. even when the coor­
dinate pointing device is rotated around center axis of the 
rod-shaped electrode. unchanged electric fields are applied 
from the coordinate pointing device to the electrodes of the 
panel. Therefore. the electric fields applied to the electrodes 
of the panel are not changed by the above-mentioned 
rotation irrelevant to the coordinates to be detected. thereby 
allowing an improved coordinate detection accuracy to be 
achieved. 

Furthermore, according to an embodiment. the first elec­
trode of the coordinate pointing device is arranged as 
separated apart at approximately regular intervals around the 
circumference of the second electrode. Therefore. the rota­
tion of the coordinate pointing device around the center axis 
does not change the electric fields applied to the electrodes 
of the panel. thereby allowing an improved coordinate 
detection accuracy to be achieved. 

Furthermore. according to an embodiment. the coordinate 
pointing device has a battery storing section for storing 
therein a battery which serves as a power source for the AC 
oscillator. 

Therefore. by storing the battery in the battery storing 
section. there is no need to supply an electric power to the 
coordinate pointing device from outside the coordinate 
pointing device. Therefore. the coordinate pointing device is 
permitted to be connected to nothing. The above-mentioned 
arrangement allows a complete codeless coordinate pointing 
device to be achieved. 

In an embodiment. the coordinate pointing device com­
prises a battery storing section for storing therein a second­
ary battery which serves as a power source for the alternat­
ing current oscillator and a charging terminal to be 
electrically connected to the secondary battery when the 
secondary battery is stored in the battery storing section. and 
wherein a casing to which the panel is mounted is provided 
with a storing portion for storing the coordinate pointing 
device. and a power supply terminal which can supply an 
electric power to the charging terminal while being electri­
cally connected to the charging terminal of the coordinate 
pointing device when the coordinate pointing device is 
stored in the storing portion. 

According to the above-mentioned embodiment. when the 
coordinate pointing device is stored in the storing portion 
provided at the casing to which the panel is mounted. the 
charging terminal owned by the coordinate pointing device 
and the power supply terminal of the casing are electrically 
connected to each other. Therefore. in the above-mentioned 
time, the secondary battery stored in the battery storing 
section of the coordinate pointing device is charged. 
Therefore. the operating life of the battery which is the 
power source of the coordinate pointing device can be 
remarkably increased. 

Furthermore, according to an embodiment. a resonance 
circuit which resonates with the AC electric field generated 
by the AC oscillator is connected across the output terminal 
and the inverted input terminal of the differential amplifier. 

Therefore. the differential amplifier can selectively 
amplify the AC electric field with a great gain. Therefore, an 
improved coordinate detection sensitivity can be achieved. 

According to an embodiment. the switching means selects 
at least one pair of adjoining electrodes so as to connect the 
selected electrodes to the differential amplifier, and shifts the 
selected electrodes one by one in the direction in which the 
electrodes are arranged. 

10 
Therefore. by shifting the selected electrodes. the coor­

dinate pointing device is. so to speak. searched to allow the 
position coordinates of the coordinate pointing device 
located in the area where the electrodes are arranged to be 

5 securely detected. 
Furthermore. according to an embodiment, the switching 

means selects a pair of adjoining electrodes of the panel. and 
shifts the selected pair of electrodes one by one in the 
direction in which the electrodes are arranged. 

10 Therefore, the selection can be achieved in a manner 
simpler than that of the above-mentioned embodiment. 
thereby allowing the structure of the switching means to be 
simplified. 

In an embodiment the switching means has a first termi-
15 nal to be connected in parallel with two or more adjoining 

electrodes and a second terminal to be connected in parallel 
with two or more electrodes adjacent to the electrodes 
connected to the first terminal. and shifts connection of the 
electrodes to the first terminal and connection of the elec-

20 trodes to the second terminal one by one in a direction in 
which the electrodes are arranged. 

According to the above-mentioned embodiment. the 
switching means has the first terminal connected in parallel 

25 
with two or more adjoining electrodes and the second 
terminal connected in parallel with two or more electrodes 
adjacent to the electrodes connected to the first terminal. 
Therefore. by electrically connecting the first terminal and 
the second terminal to the differential amplifier, four or more 

30 
electrodes which are receiving the AC electric fields out­
putted from the electrodes of the coordinate pointing device 
can be connected to the differential amplifier. Therefore, an 
improved detection sensitivity can be achieved in compari­
son with the case where only two electrodes of the panel are 

35 connected to the differential amplifier. 
In an embodiment, the coordinate detection means com­

prises: envelope extraction means for receiving an output 
from the differential amplifier and extracting an envelope of 
the output; bottom detection means for receiving a double-

40 humped output from the envelope extraction means and 
detecting a bottom portion of the output; time counting 
means for specifying a bottom portion detection time at 
which the bottom detection means detects the bottom por­
tion; and position coordinate specifying means for specify-

45 ing coordinates representing a position of the coordinate 
pointing device on the panel based on the bottom portion 
detection time specified by the time counting means and a 
timing at which the electrodes are selected. 

According to an embodiment, the envelope of the output 
so from the differential amplifier is extracted by the envelope 

extraction means, and a bottom portion of the double­
humped output from the envelope extraction means is 
detected. Then, based on the time at which the bottom 
portion is detected and the timing at which the switching 

55 means selects the electrodes of the panel. the coordinates 
representing the position of the coordinate pointing device 
are specified. Thus, according to the present embodiment. a 
characteristic double-humped signal is outputted from the 
envelope extraction means. and by detecting the bottom 

60 portion of the double-humped envelope waveform, coordi­
nate detection can be achieved. Furthermore. in order to 
specify the coordinates, a signal obtained by removing 
unnecessary signal components therefrom and being sub­
jected to an envelope detection process is used. and therefore 

65 the detection of the bottom portion can be easily achieved. 
Furthermore. according to an embodiment. a synchronous 

detector is provided as the envelope extraction means. The 
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synchronous detector can extract the envelope of the signal 
without distortion more correctly than the envelope detector. 
and therefore an improved coordinate detection accuracy 
can be achieved. 

In an embodiment. the coordinate detection means com­
prises: a first envelope detector which has a relatively great 
time constant and operates to receive an output from the 
differential amplifier and detect an envelope of the output; a 
second envelope detector which has a relatively smal1 time 
constant and operates to receive an output from the differ­
ential amplifier and detect an envelope of the output; bottom 
detection means for subjecting a double-humped output 
from the first envelope detector and a double-humped output 
from the second envelope detector to a subtraction process 
so as to detect a bottom portion of the double-humped output 
outputted from the second envelope detector; time counting 
means for specifying a bottom portion detection time at 
which the bottom detection means detects the bottom por­
tion; and position coordinate specifying means for specify­
ing coordinates representing a position of the coordinate 
pointing device on the panel based on the bottom portion 
detection time specified by the time counting means and a 
timing at which the electrodes are selected. 

12 
the peak portion of the double-humped output is ascertained 
can be obtained. Therefore, the bottom portion can be easily 
detected by means of the output. and through detection of 
the bottom portion. a coordinate detection operation can be 

5 performed. 
In an embodiment. the coordinate detection means com­

prises: a delay circuit which receives an output of the 
differential amplifier and delays the output by a specified 
time; a subtracter which subjects the output of the differen-

10 tial amplifier and an obtained delayed output to a subtraction 
process; bottom detection means for binarizing a signal 
outputted from the subtracter and detecting a bottom portion 
of the double-humped output according to an obtained 
binarized signal; time counting means for specifying a 

15 bottom portion detection time at which the bottom detection 
means detects the bottom portion; and position coordinate 
specifying means for specifying coordinates representing a 
position of the coordinate pointing device on the panel based 
on the bottom portion detection time specified by the time 

20 counting means and a timing at which the electrodes are 
selected. 

According to the above-mentioned embodiment. the coor-

According to the above-mentioned embodiment, the coor­
dinate detection means includes a first envelope detector 25 

which has a relatively great time constant and operates to 
receive the output from the differential amplifier and detect 
the envelope of the output as well as a second envelope 
detector which has a relatively small time constant and 

30 operates to receive the output from the dilferential amplifier 

dinate detection means includes the delay circuit which 
receives the output from the differential amplifier and delays 
the output by a specified time. the subtracter which subjects 
the output of the differential amplifier and the delayed output 
to a subtraction process. and the bottom detection means 
which binarizes the signal outputted from the subtracter and 
detects the bottom portion of the double-humped output 
according to the binarized signal According to the present 
embodiment, a preceding peak of the double-humped signal and detect the envelope of the output. By subjecting the 

double-humped output from the first envelope detector and 
the double-humped output from the second envelope detec-
tor to a subtraction process. the bottom portion of the 

35 double-humped output outputted from the second envelope 

outputted from the differential amplifier and a subsequent 
peak of the delayed double-humped signal are added 
together. With the above-mentioned operation. a signal 
which has three peaks comprised of a highest peak and two 
low peaks located besides the highest peak obtained through detector is detected. 

The output of the first envelope detector having a great 
time constant becomes a double-humped signal where the 
bottom portion is shallowed. while the output of the second 
envelope detector having a small time constant becomes a 
double-humped signal where the bottom portion is not 
shallowed. Therefore, by subjecting the output of the first 
envelope detector and the output of the second envelope 
detector to a subtraction process, a signal having a peak at 
the bottom portion can be obtained. With the above­
mentioned signal, the bottom portion can be detected. 

In an embodiment, the coordinate detection means com­
prises: an envelope detector which receives an output from 
the dilferential amplifier and detects an envelope of the 
output; bottom detection means for receiving a double­
humped output from the envelope detector to binarize the 
output and detecting a bottom portion of the double-humped 
output according to the binarized output; time counting 
means for specifying a bottom portion detection time at 
which the bottom detection means detects the bottom por­
tion; and position coordinate specifying means for specify­
ing coordinates representing a position of the coordinate 
pointing device on the panel based on the bottom portion 
detection time specified by the time counting means and a 
timing at which the electrodes are selected. 

According to the above-mentioned embodiment, the bot­
tom detection means detects the bottom portion of the 
double-humped output according to the output obtained by 
binarizing the double-humped output from the envelope 
detector. By the above-mentioned binarizing operation, an 
output in which a difference between the bottom portion and 

the addition is outputted from the subtracter. Then. by 
binarizing the signal having the three peaks. a difference 
between the highest peak portion and the low peak portions 

40 is ascertained. The highest peak portion is delayed by the 
above-mentioned delay time from the bottom portion of the 
double-humped output which is not delayed. Therefore, the 
bottom portion can be easily detected according to the 
binarized signal of which highest peak portion is 

45 ascertained, and a coordinate detection operation can be 
performed through the detection of the bottom portion. 

According to an embodiment, there is provided a coor­
dinate detection device comprising: a flat display panel in 
which a material having an electro-optical effect character-

so istic is sealedly filled in a space between two substrates, and 
a plurality of x-axis electrodes and a plurality of y-axis 
electrodes which are intersecting each other are provided on 
the substrates; x-axis drive circuit and y-axis drive circuit 
which are provided for image display use and electrically 

55 drive the x-axis electrodes and the y-axis electrodes of the 
flat display panel respectively; a coordinate pointing device 
including alternating current electric field generating means 
having therein an alternating current power source and an 
electrode connected to an output terminal of the alternating 

60 current electric field generating means; a coordinate detec­
tion circuit including a differential amplifier, a connection 
switching circuit which selects two adjoining x-axis elec­
trodes or a pair of x-axis electrodes constituted by two 
adjoining electrode groups of the x-axis electrodes as well as 

65 two adjoining y-axis electrodes or a pair of y-axis electrodes 
constituted by two adjoining electrode groups of the y-axis 
electrodes, connects the selected electrodes to the dilferen-
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tial amplifier, and shifts the selected electrodes one by one 
in a direction in which the selected electrodes are arranged, 
bottom detection means for obtaining a signal which is 
supplied from the coordinate pointing device to the elec­
trodes by shifting the selected electrodes as a double- 5 
humped signal from the differential amplifier and detecting 
a bottom portion of the double-humped signal. and position 
coordinate specifying means for specifying coordinates 
based on a time at which the bottom detection means detects 
the bottom portion and a timing at which the electrodes are 10 
selected; and an image display-coordinate detection 
changeover circuit which time-sharingly complementarily 
operates the x-axis drive circuit. the y-axis drive circuit. and 
the coordinate detection circuit. 

According to the above-mentioned embodiment. the flat 15 
display panel wherein the material having an electro-optical 
effect characteristic is sealedly filled in the space between 
the two substrates. and the plural number of x-axis elec­
trodes and the plural number of y-axis electrodes which are 
intersecting each other are provided on the substrates can be 20 
time-sharingly changed over so as to be used for either 
image display or coordinate detection by means of the image 
display-coordinate detection changeover circuit. When the 
flat display panel is used for image display, the x-axis 
electrodes and the y-axis electrodes are driven by the drive 25 
circuit to electrically drive the panel so as to display an 
image. When coordinate detection is performed. a voltage 
induced at the x-axis electrodes and the y-axis electrodes by 
an electric field generated from the coordinate pointing 
device which is provided separately with a function of 30 
generating an AC electric field is detected by the coordinate 
detection circuit which utilizes a change in voltage of the 
signal. thereby allowing the coordinates of the coordinate 
pointing device to be detected. 

According to an embodiment. there is provided a coor- 35 
dinate detection device comprising: a flat display panel in 
which a material having an electro-optical effect character­
istic is sealedly filled in a space between two substrates, and 
a plurality of x-axis electrodes and a plurality of y-axis 
electrodes which are intersecting each other are provided on 40 
the substrates; x-axis drive circuit and y-axis drive circuit 
which are provided for image display use and electrically 
drive the x-axis electrodes and the y-axis electrodes of the 
flat display panel respectively; a coordinate pointing device 
including alternating current electric field generating means 45 

having therein an alternating current power source and an 
electrode connected to an output terminal of the alternating 
current electric field generating means; a coordinate detec­
tion circuit including a differential amplifier. a connection 
switching circuit which selects two adjoining x-axis elec- 50 

trodes or a pair of x-axis electrodes constituted by two 
adjoining electrode groups of the x-axis electrodes as well as 
two adjoining y-axis electrodes or a pair of y-axis electrodes 
constituted by two adjoining electrode groups of the y-axis 
electrodes. connects the selected electrodes to the differen- 55 

tial amplifier, and shifts the selected electrodes one by one 
in a direction in which the selected electrodes are arranged. 
bottom detection means for obtaining a signal which is 
supplied from the coordinate pointing device to the elec­
trodes by shifting the selected electrodes as a double- 60 
humped signal from the differential amplifier and detecting 
a bottom portion of the double-humped signal by detecting 
a phase inversion point of the double-humped signal through 
calculation of an input signal and an output signal of a delay 
circuit. and position coordinate specifying means for speci- 65 

fying coordinates based on a time at which the bottom 
detection means detects the bottom portion and a timing at 

14 
which the electrodes are selected; and an image display­
coordinate detection changeover circuit which time­
sharingly complementarily operates the x-axis drive circuit. 
the y-axis drive circuit. and the coordinate detection circuit. 

According to the above-mentioned embodiment. the flat 
display panel wherein the material having an electro-optical 
effect characteristic is sealedly filled in the space between 
the two substrates, and the plural number of x-axis elec­
trodes and the plural number of y-axis electrodes which are 
intersecting each other are provided on the substrates can be 
time-sharingly changed over so as to be used for either 
image display or coordinate detection by means of the image 
display-coordinate detection changeover circuit. When the 
flat display panel is used for image display. the x-axis 
electrodes and the y-axis electrodes are driven by the drive 
circuit to electrically drive the panel so as to display an 
image. When coordinate detection is performed. a voltage 
induced at the x-axis electrodes and the y-axis electrodes by 
an electric field generated from the coordinate pointing 
device which is provided separately with a function of 
generating an AC electric field is detected by the coordinate 
detection circuit which utilizes a change in phase of the 
signal, thereby allowing the coordinates of the coordinate 
pointing device to be detected. 

In a coordinate detection device of an embodiment. a 
band-pass filter or a high-pass filter for selectively allowing 
only a signal at and around the frequency of the AC electric 
field to pass is connected to an input terminal of the 
coordinate detection circuit. 

Therefore. the coordinate detection circuit can consis­
tently detect a stabilized voltage from the x-axis electrodes 
and the y-axis electrodes without being influenced by noises. 

In a coordinate detection device of an embodiment. an 
electrode which is provided at the tip end of the coordinate 
pointing device provided with a function of generating an 
AC electric field is a coaxial electrode comprised of a center 
electrode and a peripheral electrode. 

Therefore. not depending on which circumferential direc­
tion the coordinate pointing device is directed in use. a 
stabilized voltage can be consistently induced at the x-axis 
electrodes and the y-axis electrodes. 

In a coordinate detection device of an embodiment, the 
x-axis drive circuit and the y-axis drive circuit for image 
display use, the coordinate detection circuit, and the image 
display-coordinate detection changeover circuit are arranged 
along two or three sides of the peripheries of the display 
panel. 

According to the present embodiment. a coordinate detec­
tion function can be incoiporated into the image display 
device without increasing the size of the display device 
having an LCD panel provided specially for image display. 
and a display device having a coordinate detection function 
can be manufactured without maldng great alterations in the 
existing manufacturing equipment for the display device. 
Therefore, according to the present embodiment. there can 
be provided a coordinate detection device capable of pre­
venting the increase of development cost and the reduction 
of yield. and dispensing with investment for equipment 
which may cause cost increase, thereby totally contributing 
to development of the industry. 

As described above, according to the present invention. a 
signal which is generated by an electric field generated from 
the electrodes of the coordinate pointing device at the 
electrodes of the panel coupled through an electrostatic 
capacitive coupling with the coordinate pointing device is 
detected. Therefore. according to the present invention. 
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coordinate detection can be achieved even through the ends 
of the electrodes of the panel are opened. 

There has been conventionally utilized an electro­
magnetic coupling in order to obviate the need of a connec­
tion cable. and therefore it has been required to form a 5 
loop-shaped circuit composed of panel electrodes of which 
ends are surely short-circuited. The above is because, in 
order to detect an induction current based on an inductive 
electromotive force induced by an effect of a magnetic field. 
a loop-shaped closed circuit must be formed by surely 10 

short-circuiting the ends of the circuit to be subjected to 
detection. In other words, it has been considered that no 
induction current flows through the electrodes of which ends 
are opened and therefore achievement of coordinate detec­
tion has been impossible with the above-mentioned arrange- 15 

ment. 
In contrast to the above. the inventor and others have 

proved through experiments descnbed as follows that a 
voltage can be induced at the electrodes of an LCD panel to 
allow coordinate detection to be achieved according to the 20 

principle of operation utilizing electrostatic capacitive cou­
pling even through the panel electrodes of which ends are 
opened are used. 

16 
FIG. 15 is an explanatory view of a structure of the second 

embodiment; 
FIG. 16 is an explanatory view of a detailed structure of 

the second embodiment; 
FIG. 17 is an explanatory view of an electrode structure 

of a TFf LCD panel included in a third embodiment of the 
present invention; 

FIG. 18 is an explanatory view of a principle of operation 
of the third embodiment; 

FIG. 19 is an explanatory view of a structure of the third 
embodiment; 

FIG. 20 is a graph showing a result of an experiment 
relevant to the third embodiment performed by the inventor 
and others; 

FIG. 21 is an explanatory view of a detailed structure of 
the third embodiment; 

FIG. 22 is an explanatory view of an exemplified coor­
dinate detection method which can be commonly used in the 
first through third embodiments of the present invention; 

FIG. 23 is a block diagram of a coordinate transformation 
circuit according to a fourth embodiment of the present 
invention; 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will become more fully understood 

from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illus­
tration only, and thus are not !imitative of the present 

FIGS. 24A. 24B. 24C, 24D and 24E are charts of signal 
25 waveforms at several points of the coordinate transformation 

circuit of the fourth embodiment; 

invention. and wherein: 30 

FIG. 1 is an explanatory view of a basic structure of a 
coordinate detection device according to a first embodiment 
of the present invention; 

FIG. 2 is an explanatory view of an operation related to 35 
the first embodiment; 

FIG. 3 is an explanatory view of a fundamental experi­
ment relevant to the first embodiment performed by the 
inventor and others; 

FIG. 4 is a graph showing a result of the fundamental 40 
experiment; 

FIG. 5 is an explanatory view of a second experiment 
relevant to the first embodiment performed by the inventor 
and others; 

FIGS. 6A and 6B are explanatory views of structures of 45 
an electronic pen (electric field generator) of the first 
embodiment; 

FIG. 7 is a graph showing a result of the experiment 
shown in FIG. 5; 

FIG. 8 is an explanatory view of a structure of the first 50 
embodiment; 

FIGS. 9A, 9B. 9C. 9D, 9E and 9F are charts of signal 
waveforms at several points of the first embodiment; 

FIG. 10 is a block diagram of a modification of a 55 coordinate transformation circuit 175 of the first embodi­
ment; 

FIGS. llA. llB. UC. 11D and llE are charts of signal 
waveforms at several points of a coordinate transformation 
circuit of the modification; 

FIG. 12 is an explanatory view of a coordinate detection 
period; 

FIG. 13 is an explanatory view of an electrode structure 
of a high-density LCD panel owned by a second embodi­
ment of the present invention; 

FIG. 14 is an explanatory view of a principle of operation 
of the second embodiment; 

60 

65 

FIG. 25 is a circuit diagram of a band-pass filter charac­
teristic of a fifth embodiment of the present invention; 

FIG. 26 is a view for simply explaining an interaction 
between electrodes of an electronic pen which serves as an 
electric field generator of the first and second embodiments 
of the present invention and electrodes of an LCD panel; 

FIG. 27 is an electric equivalent circuit diagram of the 
structure shown in FIG. 26; 

FIG. 28 is a schematic view of a structure of a modifi­
cation of the electronic pen of the embodiment; 

FIG. 29 is a structural drawing showing a mechanical 
structure of the electronic pen of the embodiment; 

FIG. 30 is an electric equivalent circuit diagram of the 
electronic pen; 

FIG. 31 is a structural drawing of a modification of the 
electronic pen; 

FIGS. 32A and 32B are perspective views for explaining 
an operation of storing the electronic pen of the modification 
in a storing portion to charge the electronic pen; 

FIGS. 33A and 33B are schematic views for explaining a 
modification of the first embodiment wherein a pair of 
electrode groups each being comprised of two or three 
electrodes are connected to a differential amplifier; 

FIGS. 34A and 34B are schematic views for explaining a 
modification of the first embodiment wherein one or two 
electrodes are existing between a pair of electrodes con­
nected to the differential amplifier; 

FIGS. 35A and 35B are schematic views for explaining a 
modification of the first embodiment wherein a pair of 
electrode groups arranged with inteiposition of one or two 
electrodes are connected to a differential amplifier; 

FIG. 36 is a view of a printed circuit board arranged in a 
bracket-like form alongside the LCD panel of the second 
embodiment; 

FIG. 37 is a graph showing a frequency characteristic of 
the experiment related to the first embodiment; 

FIGS. 38A. 38B. 38C. 38D. 38E, 38F. 380. 38H. 381 and 
38J are timing charts for explaining an operation of the first 
embodiment; 
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FIG. 39 is a circuit diagram wherein the differential 
amplifier of the embodiment is provided with a feedback 
circuit; 

FIG. 40 is a circuit diagram of a synchronous detector 
which can substitute for an envelope detector of the embodi-
ment; 

FIG. 41 is an explanatory view of a structure of a display 
panel which concurrently performs coordinate detection and 
image display operations of a first prior art; 

FIG. 42 is an explanatory view of an LCD panel of a 
second prior art; 

FIG. 43 is an explanatory view of a coordinate detection 
technique of the second prior art; 

FIG. 44 is a circuit diagram of an essential part of a third 
prior art; 

FIG. 45 is an explanatory view of a coordinate detection 
technique of the third prior art; and 

FIGS. 46A, 46B, 46C. 46D, 46E and 46F are timing 
charts of the third prior art. 

DEfAlLED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will be described in detail based on 
several embodiments thereof with reference to the accom­
panying drawings. 

First embodiment 
First FIG. 1 shows a dot matrix type duty ratio drive LCD 

panel as a coordinate detection device according to a first 
embodiment of the present invention. In the first 
embodiment, an S1N (Supertwisted Nematic) LCD panel 
100 is used, however, an active matrix type LCD panel 
having a TFf (Thin Film Transistor) can be also used. 

FIG. 1 shows a basic structure of the first embodiment 
For simplicity of explanation, there are shown four pixels in 
the x-axis direction by four pixels in the y-axis direction. 
That is. in the first embodiment. a duty ratio drive LCD 
panel 100 having a total of 16 pixels is used concurrently for 
image display and coordinate input operations. Of course, a 
generic LCD panel which has more pixels and availed on the 
market can be used in utterly the same manner as described 
above. 

As described hereinafter. the LCD panel 100 to be used 
can be of course implemented by an LCD panel having the 
same structure as that of the LCD panel provided specially 

18 
104b generate an AC electric field. In the first embodiment, 
a function of detecting the coordinates of the electric field 
generator 102 on the LCD panel 100 is a coordinate detec­
tion function. In detail, as shown in FIG. 1. when an x-axis 

s is defined in a lateral direction and a y-axis is defined in a 
longitudinal direction in an image display section of the 
LCD panel 100, to detect which position of coordinates (x.y) 
the electric field generator 102 is located in is the coordinate 
detection function. In order to achieve the coordinate detec-

10 tion function, the first embodiment has a coordinate detec­
tion circuit 105. The coordinate detection circuit 105 has a 
function such that. when an electric field outputted from the 
electric field generator 102 effects on a segment electrode 
106 and a common electrode 107 on the LCD panel 100, it 

15 detects an induction voltage generated at the segment elec­
trode 106 and the common electrode 107 so as to detect the 
coordinates of the position in which the electric field gen­
erator 102 is located. 

The first embodiment further includes a function 
20 changeover control circuit 108. The function changeover 

control circuit 108 controls the image display drive circuit 
101 and the coordinate detection circuit 105 so that the 
functions of the LCD panel 100 are used by time-sharingly 
changing over between the coordinate input function and the 

25 image display function. 
The LCD panel 100 is connected to the image display 

drive circuit 101 and the coordinate detection circuit 105 via 
a connector 109 and a connector 110. To the image display 
drive circuit 101 is externally supplied an image signal to be 

30 displayed via a drive terminal 111. From the coordinate 
detection circuit 105 is outputted outwardly a coordinate 
signal through a coordinate output terminal 112. To the 
function changeover control circuit 108 is supplied a func­
tion changeover signal through a terminal 113. 35 

Though not shown, a clock signal and so forth for 
operating the system are supplied to the first embodiment. 

The first embodiment has a basic structure as shown in 
FIG. 1. The first embodiment achieves both the image 

40 display function and the coordinate detection function by 
using a conventional LCD panel provided specially for 
image display and newly incorporating a coordinate input 
function into the LCD panel. 

In the first embodiment, the image display function is 
45 achieved by the conventional technique without making 

alterations. The image display function is achieved by the 
LCD panel 100 and the image display drive circuit 101 for image di�play �this point is one of remarkable features of shown in FIG. 1. The image display drive circuit 101 takes 

the present mventlon). a variety of forms according to the type or system of the 
The first embodiment includes an LCD panel 100. The 50 LCD panel 100. For instance, when a duty ratio drive LCD 

LCD panel_ 100 is used_ concurrently for image display and panel is used, the image display drive circuit 101 is provided 
coordinate mput operations. with a common electrode drive circuit (not shown) and a 

The first embodiment includes an image display drive segment electrode drive circuit (not shown). An operation of 
circuit 101. The image display drive circuit 101 is an the LCD panel 100 when it is driven by the image display 
additional circuit for making the LCD panel 100 display an 55 drive circuit 101 is utterly the same as that of the LCD panel 
image. It is to be noted that the image display drive circuit used popularly. Therefore. no description is provided there-
101 has a varied structure when the LCD panel 100 is a duty for herein, and a description will be provided at need 
ratio drive TFf type in contrast to the case where the LCD hereinafter. 
panel 100 is an S1N LCD panel. Meanwhile, the coordinate input function of the first 

In the first embodiment. the image display drive circuit 60 embodiment includes a feature of the present invention. The 
101 drives the LCD panel 100 to make the LCD panel 100 first embodiment includes the electric field generator 102 
display an image having contents that an operator desires. and the coordinate detection circuit 105 to achieve the 
The above-mentioned function is an image display function. coordinate input function. An electric field generated from 

The first embodiment includes an electric field generator the electric field generator 102 effects on the LCD panel 100 
102. The electric field generator 102 is provided with an AC 65 to cause an electrical change (voltage) in the segment 
signal source 103 and electrodes 104a and 104b connected electrode 106 and the common electrode 107. Then, the 
to the AC signal source 103, and the electrodes 104a and electrical change generated in the electrodes 106 and 107 is 
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detected by the coordinate detection circuit 105. Upon 
detecting the coordinate position in which the electric field 
generator 102 is located. the coordinate detection circuit 105 
outputs a signal representing the coordinate position from 
the coordinate output terminal 112. The coordinate position 
signal outputted from the coordinate output terminal 112 can 
be used for a variety of purposes such as display of the 
above-mentioned position on the LCD panel 100. 

The first embodiment can be provided with a coordinate 
input function by incorporating the coordinate detection 
circuit 105 and the electric field generator 102 into a 
conventional LCD panel 100 without making alterations in 
the panel. The coordinate detection circuit 105 and the 
image display drive circuit 101 are provided with a function 
changeover switch (not shown. but described in detail 
hereinafter). Then, the function changeover control circuit 
108 controls the operation of the function changeover switch 
to set a changeover timing. The function changeover control 
circuit 108 controls the coordinate detection circuit 105 and 
the image display drive circuit 101 so that the LCD panel 
100 time-sharingly executes the coordinate input function 
and the image display function. 

Thus, the basic principle of operation of the first 
embodiment. i.e.. a basic principle of operation of the 
present invention is as follows .  By means of the LCD panel 
100 and the electric field generator 102. an electric field 
generated from the two electrodes 104a and 104b of the 
electric field generator 102 is effected on the LCD panel 100, 
and an electrical change (voltage) generated at the time in 
the segment electrode 106 and the common electrode 107 of 
the LCD panel 100 is detected by the coordinate detection 
circuit 105. Meanwhile. a necessary image is displayed on 
the LCD panel 100 by the image display drive circuit 101. 
and fw1hennore the image display and the coordinate input 
operations are time--sharingly alternately performed under 
the control of the function changeover control circuit 108. 

20 
pen-shaped electronic pen 21. The electronic pen 21 is of 
course codeless having no connection cord for connection 
with the display panel 20. and therefore the electronic pen 21 
is completely independent of the display panel 20. Accord-

s ing to the application example shown in FIG. 2. when the 
operator traces the surface of the display panel 20 with the 
electronic pen 21. the coordinates at the tip end of the 
electronic pen 21 can be detected. Then. by lighting the 
above-mentioned coordinates on the display panel 20. the 

10 trace of the tip end of the electronic pen 21 can be displayed 
on the display panel 20. In  other words. an image can be 
written on the display panel 20 as if it were written on a 
paper sheet. 

A structure of the electronic pen 21 will be described in 
15 more detail below. As shown in FIG. 29. the electronic pen 

21 includes an outermost cylindrical casing 501 having a 
tapered fore end portion. a rod-shaped inner electrode 502 
arranged in an appropriate center portion of the casing 501. 
a cap-shaped cover 503 which covers the tip end of the inner 

20 electrode 502. and an outer electrode 510. The outer elec­
trode 510 has a cylindrical configuration along an inner 
peripheral surface of the casing 501. and a hind end portion 
thereof is fixed to a support member 508 fixed to the inner 
peripheral surface. A tip end portion 510a of the outer 

25 electrode 510 is put in contact with an outer peripheral 
surface of the cover 503. and the cover 503 can freely slide 
in the tip end portion 510a of the outer electrode 510. 

30 

The cover 503 is protruding from an opening SOla at the 
tip end of the casing 501. Meanwhile. a hind end of the inner 
electrode 502 is connected to a movable portion 505a of an 
operation switch 505. The operation switch 505 is fixed to an 
electric circuit board 511 screwed to a boss (not shown) 
formed on the inner peripheral surface of the casing 501. A 

35 
contact point of the operation switch 505 operates when the 
inner electrode 502 axially presses the movable portion 
505a. When the movable portion 505a is not pressed. the 
operation switch SOS repels the inner electrode 502 in a 
direction i n  which the inner electrode 502 protrudes by an 
operation of a spring incorporated in the switch so as to hold 

40 

According to the first embodiment, a basic application 
example as shown in FIG. 2 can be achieved. The applica­
tion example has a display panel 20 including the LCD panel 
100, the other circuits of the first embodiment. a casing 22 
having therein a power supply and so forth, and an electronic 
pen 21 having therein the electric field generator 102. The 
present application example is operated in a manner as 
follows. When an operator holds i n  his or her hand the 
electronic pen 21 having therein the electric field generator 
102 as if the pen were a writing pen and puts the electronic 
pen 21 close to the display panel 20 including the LCD panel 
lff which serves as an image display panel. an AC electric 
field is outputted from the electric field generator 102 to 
effect the AC electric field on the electrodes 106 and 107 of 
the LCD panel 100. By detecting a voltage generated at the 
electrodes 106 and 107 by means of the coordinate detection 
circuit 105. the coordinates of a position in which the 
electrodes 104a and 104b provided at the tip end of the 
electric field generator 102 are located can be detected 
(specified) on the LCD panel 100. Then. the detected coor­
dinates can be displayed on the display panel 20 including 
the LCD panel 100. For instance. an appropriate mark or a 
trace of movement of the electronic pen 21 having therein 
the electric field generator 102 can be displayed on the 60 
display panel 20. Therefore, when the operator who is 
holding the electronic pen 21 in his or her hand writes, for 
example. Chinese characters of "Hyoji" meaning display on 
the display panel 20. the characters of "Hyoji" as shown in 
FIG. 2 can be displayed on the panel. 

the inner electrode 502 in a specified position. 
A ferrite core 506 which has a tapered cylindrical fore end 

portion and serves as a core. a bobbin 507 provided around 
the ferrite core 506 and a coil 509 comprised of an enameled 

45 wire wound around the bobbin 507 are arranged around an 
appropriate axial center of the inner electrode 502. An outer 
diameter of the ferrite core 506 and an inner diameter of the 
bobbin 507 are approximately equal to each other. and the 
bobbin 507 is fixed to the ferrite core 506. The ferrite core 

50 506 and the bobbin 507 are fixed i nside the casing 501 by 
means of the support member 508 adjacent to the bobbin 
507. The casing 501 has therein a battery which serves as a 
power source. 

FIG. 30 shows an electric circuit of the electronic pen 21. 
55 As shown in FIG. 30. integrated circuits ICl and IC2, 

resistors RI and R2. and capacitors Cl and C2 provided for 
the electric circuit are constituting a well-known oscillator 
circuit. An  oscillation frequency is determined by a combi-
nation of the resistors Rl and R2 and the capacitors Cl and 
C2. The electric circuit further includes buffer amplifiers IC3 
and I C4. The electric circuit fw1her includes a serial reso-
nance circuit comprised of an inductance Ll and a capacitor 
C3. The resonance circuit resonates at a frequency synchro­
nized with the oscillation frequency of the oscillator circuit. 

65 The inductance LI is implemented by the coil 509. 

I n  the application example shown in FIG. 2. the electric 
field generator 102 shown in F IG. 1 is incorporated in a 

Further. an electric power is supplied from a battery Bl to 
the integrated circuits ICl through IC4. The electric power 
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of the battery Bl is supplied when a switch SWl comprised 
of the operation switch 505 is turned on. 

22 
device is used. by storing the electronic pen 21A in the 
above-mentioned specified pen storing portion 22B while 
the electronic pen 21A is not used. the battery Bl can be 
charged. Since the electronic pen 21A operates only when an 

Parts constituting the above-mentioned electric circuit are 
all mounted on the electric circuit board 511 except for the 
coil LI (i.e .. the coil 509) and the battery Bl. As shown in 
FIG. 30. both terminals of the capacitor C3 are connected to 
the inner electrode 502 and the outer electrode 510 by way 
of lead wires. 

In the electronic pen 21 having the above-mentioned 
structure, when the switch SWl is closed to supply an 
electric power to the electric circuit to start operating. the 
oscillator circuit oscillates to supply signals which are 
opposite in phase to each other to the serial resonance circuit 
comprised of the inductance Ll and the capacitor C3. Since 
the resonance frequency of the serial resonance circuit and 
the oscillation frequency of the oscillator circuit are coin­
ciding with each other. there is generated a voltage Q times 

5 inner electrode 502 is pressed against the LCD panel 100 
similarly to the electronic pen 21. the working power is very 
small. Furthermore. since the electronic pen 21A can be 
charged while it is stored in the above-mentioned specified 
pen storing portion 22B. the quantity of used power can be 

10 restored to allow the operating life of the battery to be 
remarkably prolonged. 

It is to be noted that a power source necessary for charging 
the battery is of course connected to the power supplying 
terminals 22A and 22C provided in the pen storing portion 

15 22B of the casing 22 of a word processor or the like. It is also 
acceptable to turn on and off the power source for the 
charging use by detecting a charge state of the battery from 
the terminals 22A and 22C. as high as an oscillation voltage supplied to the serial 

resonance circuit. It is to be noted that Q represents a 
Q-value of the coil 509. Assuming that the Q-value is 20 and 20 

the supply voltage is 5 Vp-p. there is generated a voltage of 
about 100 Vp-p across both the terminals of the capacitor 
C3. Then the voltage is transmitted to the inner electrode 502 
and the outer electrode 510. 

The power consumption of the electronic pen 21 or 21A 
is about 2 mW. In contrast to the above, when a transmitter 
is provided in the pen. at least an oscillator and a modulator 
are necessary. and therefore the power consumption is about 
lO mW. 

Since the operation switch 505 is so constructed that its 
contact point is closed when pressed by the inner electrode 
502. the inner electrode 502 presses the operation switch 505 

Next, a principle of operation of detecting the coordinates 
25 of the electrodes 104a and 104b at the tip end of the electric 

field generator 102 in the first embodiment of the present 
invention shown in FIG. 1 will be described. 

by its pressure force when the electronic pen 21 is pressed 
against the surface of the LCD panel 100. With the above- 30 
mentioned operation. an electric power is supplied to the 
integrated circuits !Cl through IC4 provided in the elec­
tronic pen 21. In other words. the electronic pen 21 operates 
only when the electronic pen 21 is pressed against the LCD 
panel 100. and does not operate in any other time so as to 35 
prevent the wasteful consumption of the electricity of the 
battery Bl.  The above-mentioned arrangement is effective 
for prolonging the operating life of the battery Bl. The 
above is because the battery Bl is implemented by a battery 
such as a disk-shaped button battery having a very small 40 
capacity so that the battery can be stored in the thin 
pen-shaped casing 501. 

Next. FIG. 31 shows a structure of an electronic pen 21A 
provided with a rechargeable battery in place of the above­
mentioned battery B 1 together with a charging mechanism 45 
for the battery. According to the electronic pen 21A. the 
operating life of the battery can be remarkably prolonged. 

As shown in FIG. 31. the electronic pen 21A further 
includes charging power supply terminals 620a and 620b for 
charging the battery Bl at a tip end of a casing 601 50 
constituting the fore end portion of the pen. On the other 
hand. as shown in FIG. 32A. terminals 22A and 22C for 
supplying electric power to the electronic pen 21A are 
provided in a pen storing portion 22B provided in a casing 
22 of a word processor or the like. As shown in FIG. 32B, 55 

when the electronic pen 21A is not used. the electronic pen 
21A is stored in the pen storing portion 22B. thereby 
allowing the battery Bl of the electronic pen 21A to be 
automatically charged via the power supply terminals 620a 
and 620b of the pen 21A when the power supply terminals 60 
620a and 620b are put in contact with the terminals 22A and 
22C of the casing 22. 

According to the electronic pen 21A, so long as the 
electronic pen 21A is stored in the above-mentioned speci­
fied pen storing portion 22B even when the coordinate 65 
detection device is kept unused. the battery Bl is regularly 
charged. Furthermore. even when the coordinate detection 

The principle of operation of coordinate detection in the 
first embodiment is basically as follows. Electric fields 
generated from the electrodes 104a and 104b of the electric 
field generator 102 are effected on the segment electrode 10(> 
and the common electrode 107 of the LCD panel lff to 
couple the electrodes 104a and 104b of the electric field 
generator 102 with the segment electrode 10(> and the 
common electrode 107 of the LCD panel 100 through an 
electrostatic capacitive coupling. Then an induction voltage 
generated at the segment electrode 106 and the common 
electrode 107 is detected. 

Therefore, according to the first embodiment which does 
not necessitate a connection cord extending from the electric 
field generator 102 to the LCD panel 100. the electric field 
generator 102 can be easily handled in contrast to the first 
prior art which indispensably necessitates a connection cable 
for connecting the pen with the panel. Furthermore, accord­
ing to the first embodiment. there is no need to make 
alterations in the LCD panel itself in contrast to the second 
prior art which requires formation of loops in the LCD 
panel. 

Thus, according to the first embodiment. the problem of 
the second prior art which adopts a system taking advantage 
of a magnetic coupling for the pw:pose of eliminating the 
connection cable from the electronic pen (the problem that 
a loop-shaped coil is required to be formed by short­
circuiting the ends of the electrodes of the LCD panel in the 
coordinate detection stage) can be solved. 

The first embodiment can detect the coordinates of the 
pen without necessitating neither the loop-shaped coil of 
which ends are short-circuited nor the connection cable. 
Therefore. a structure simpler than that of any prior art can 
be achieved, and the pen for coordinate input use can be 
easily handled. 

Next. a fundamental experiment conducted by the inven­
tor and others will be described with reference to FIG. 3. In 
FIG. 3. an LCD panel 200 is a dot matrix type duty ratio 
drive LCD panel using STN liquid crystals. A display 
section of the LCD panel 200 has a lateral dimensionx 
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longitudinal dimension of 230 mmx140 mm. For simplicity. 
there are shown only four common electrodes 201 and four 
segment electrodes 202 in FIG. 3. however. there are prac­
tically included laterally 640 pixelsxlongitudinally 480 pix­
els in the above-mentioned display section. A pixel pitch is 5 
about 360 µm. while a width of each electrode is about 330 
µrn. Further. each of transparent electrodes constituting the 
common electrodes 201 and the segment electrodes 202 has 
a thickness of about 1 µm. 

Two glass plates (not shown) owned by the LCD panel 10 

200 are arranged as separated apart from each other by a gap 
of about 7 µm, and a liquid crystal material is interposed 
between the two glass plates. 

24 
the electrode 204 of the electric field generator 207 is 
located. meaning that substantially same tendency is 
observed regardless of the x-coordinate position. 

Since the detected potential difference depends on the 
position of the electrode 204 of the electric field generator 
207. the potential difference can be considered to be a signal 
representing the position of the electrode 204. Therefore. by 
detecting the peak position Xs I cm l of the maximum point 
(peak) of the peak-shaped potential difference signal while 
observing a variation in amplitude of the detected potential 
difference signal. the x-coordinate value of the position in 
which the electrode 204 of the electric field generator 207 is 
located can be ascertained. 

1n the above-mentioned experiment. the potential differ-
The common electrodes 201 and the segment electrodes ence across the segment electrodes 202 and the ground is 

202 are connected to peripheral circuits via a connector 2010 15 detected with the common electrodes 201 all connected to 
and a connector 2011 provided on the glass plates consti- the ground. However. a potential difference across the 
tuting the LCD panel 200. common electrodes 201 and the ground can be also detected 

One end of the common electrodes 201 ( extending with the segment electrodes 202 all connected to the ground. 
laterally) owned by the LCD panel 200 is collectively Though a detection result is not shown. a peak characteristic 
connected to a ground. Meanwhile. one end of the segment 20 similar to that shown in FIG. 4 can be obtained in the present 
electrodes 202 ( extending longitudinally) is entirely opened. case. 

An AC power source 203 provided in the electric field 1n the experiment shown in FIG. 3. a potential difference 
generator 207 has its one output terminal connected to the signal having a peak at and around the segment electrode 
ground. and the other output terminal 206 of the AC power 202 located in the position of the electrode 204 of the 

25 source 203 is connected to a tip electrode 204. Therefore. the electric field generator was able to be detected. Then. the 
electric field generator 207 and the common electrodes 201 coordinate at which the peak exists was the x-coordinate 
of the LCD panel 200 are electrically connected to each value of the position in which the electrode 204 of the 
other through the ground. electric field generator 207 is located. Then. in a manner 

An output frequency of the AC power source 203 was set 
30 

similar to the above. the y-coordinate value of the position 
at 100 kHz. A voltage at the output terminal 206 of the AC in which the electrode 204 is located can be detected on the 
power source 203 was 20 Vp-p. comm.on electrode 201 side similarly to the experiment 

When the electric field generator 207 is put close to the performed on the segment electrode 202 side. Therefore. the 
LCD panel 200. an intense electric field was generated coordinates (x.y) of the electrode 204 can be specified. 
across the electrode 204 of the electric field generator 207 35 As shown in the above-mentioned experiment. a potential 
and the segment electrode 202a of the LCD panel 200. difference signal depending on the position of the electrode 

When the electrode 204 of the electric field generator 207 204 of the electric field generator 207 can be detected 
is put close to the LCD panel 200. a potential difference took without specifically forming a loop by connecting the ends 
place across the segment electrode 202a to which the of the segment electrodes 202 or the common electrodes 201 
electrode 204 is put close among the segment electrodes 202 40 of the LCD panel 200. Therefore. it was discovered that the 
and the ground. The potential difference was a sort of position of the electrode 204 of the electric field generator 
alternating current and its frequency coincided with the 207 on the LCD panel 200 can be specified taking advantage 
frequency of the AC power source 203. of the above-mentioned arrangement without forming any 

With an x-axis and a y-axis set in a manner as shown in loop by connecting the ends of the common electrodes 201 
FIG. 3 and the electrode 204 placed at each of coordinates 45 or the segment electrodes 202 of the LCD panel 200. In other 
of (x.y)=(3.5) [cm]. (x.y)=(103)[cm], and (x,y)=(13.5)[cm]. words. it can be said that the result of the above-mentioned 
it was actually measured how much degree of potential experiment can be applied to a coordinate detection device. 
difference was generated across the segment electrode 202 Based on the above-mentioned experiment. the inventor 
located in a position of xs=O to 16 cm and the ground. A and others further performed an experiment as shown in 
result of the measurement is shown in FIG. 4. The axis of 50 FIG. 5. In the experiment. the common electrodes 201 are all 
ordinates of FIG. 4 represents a measured AC potential connected to the ground. while adjoining two segment 
difference. The frequency of the measured alternating cur- electrodes 202a and 202b of the segment electrodes 202 are 
rent coincided with the frequency of the AC power source paired to be connected to a positive input terminal and a 
203. negative input terminal of the differential amplifier 205 

Referring to FIG. 3. it can be understood that a detected 55 similarly to the experiment shown in FIG. 3. The same LCD 
potential difference across the ground and the segment panel as the LCD panel 200 used in the experiment of FIG. 
electrode 202 takes its peak value at the segment electrode 3 was used (for simplicity. only eight electrodes are shown). 
202a located just below the electrode 204 of the electric field 1n the above place. an electric field generator 607 as 
generator 207. Furthermore. it can be understood that the shown in FIG. 6A was prepared. and when a tip end of the 
detected potential difference abruptly reduces according as 60 electric field generator 607 is put close to the segment 
the measurement point is apart from the x-coordinate posi- electrodes 202a and 202b connected to the differential 
tion where the peak exists. Furthermore. the reduction of the amplifier 205, it was measured what sort of voltage was 
potential difference at and around the peak is very steep, obtained. The electric field generator 607 differs from the 
however. the reduction of the potential difference becomes electric field generator 207 shown in FIG. 3 in that it is not 
gradual according as the measurement point is apart from 65 connected to the ground. 
the peak position. The above-mentioned tendency can be FIGS. 6A and 6B show structures of the electric field 
observed at the three points (x=3 cm. 10 cm. 13 cm) at which generator 607 used for the experiment. The electric field 
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generator 607 has therein an AC power source 603. and both 
output terminals 603a and 603b of the AC power source 603 
are connected to a rod-shaped inner electrode 604b and a 
megaphone-shaped outer electrode 604a arranged coaxially 
with the inner electrode 604b. An AC frequency generated 
by the AC power source 603 is 100 kHz. and an AC voltage 
outputted across the electrode 604a and the electrode 604b 
is 100 Vp-p. 

A structure of the electric field generator 607 will be 
described in detail below. As shown in FIG. 6A. the electric 
field generator 607 has a structure in which both the output 
terminals of the AC power source 603 are connected to the 
outer electrode 604a and the inner electrode 604b of the 
coaxial electrode. 

The structure of the outer electrode 604a of the coaxial 
electrode is allowed to have a tapered configuration as 
shown in FIG. 6A or a complete coaxial structure in which 
only a portion of the outer electrode 604a inside a tip end 
portion B of the body of the electric field generator 607 
surrounds the inner electrode 604b as shown in FIG. 6B. 
Although FIGS. 6A and 6B show no suwort member for 
supporting the electrodes. the outer electrode 604a and the 
inner electrode 604b are fixed to the body of the electric field 
generator 607. Though not shown in FIGS. 6A and 6B, the 
AC power source 603 also includes a switch and so forth 
other than a power source such as a battery. The reason why 
the outer electrode 604a and the inner electrode 604b 
constitute the specific configuration of the coaxial electrode 
will be described below. The embodiment of the present 
invention is to operate so as to specify the position of the 
electric field generator by detecting on the LCD panel side 
an electrical change given from the electric field generator to 
the electrodes of the LCD panel through an electrostatic 
capacitive coupling between the electric field generator and 
the electrodes of the LCD panel. The electric field generator 
is generally stored in a cylindrical pen-shaped casing as 
shown in FIG. 2. The electric field generator having such a 
cylindrical pen-shaped exterior configuration tends to roll. 
The above-mentioned fact conversely produces an advanta­
geous effect of allowing the electric field generator to be 
easily handled from the standpoint of the operator because 
it can be handled similarly to an ordinary writing pen. In 
another aspect. from a standpoint that an electrostatic 
capacitive coupling between the electric field generator and 
the electrodes of the LCD panel is used as the principle of 
operation of the embodiment of the present invention. it is 
indispensable to make the pen have a structure in which the 
electrostatic capacitive coupling does not change regardless 

26 
electrode 604b and the outer electrode 604a is set to 100 µm 
approximately equal to the electrode pitch. When two or 
three electrodes are existing between the two electrodes of 
the LCD panels connected to the differential amplifier. the 

s distance between the inner electrode 604b and the outer 
electrode 604a is preferably set to about 1 mm. 

It is required to properly determine a radius of a tip end 
portion C of the outer electrode 604a and properly process 
the configuration of the tip end portion A of the inner 

JO electrode 604b. For instance. the tip end portion A is 
preferably processed to have a sharp tip end configuration. 

In the case of the electric field generator 607 having the 
above-mentioned structure. in a manner as shown in FIG. 
26. when electrodes 2601a and 2601b provided in an LCD 

15 panel 2600 are connected to a differential amplifier 2602. the 
coaxial electrode comprised of the electrodes 604a and 604b 
of the electric field generator 607 can be placed in a position 
just above the electrodes 2601a and 2601b of the LCD panel 
2600. In the above case, as shown in FIG. 26. the outer 

20 electrode 604a and the inner electrode 604b are coupled 
most intensely with the electrodes 2601a and 2601b via 
capacitors 2610a and 2610b. 

In the above place, electric fields applied to the outer 
electrodes 604a and 604b are opposite in phase to each 

25 other. and the electrodes 2601a and 2601b are also con­
nected to the input terminals. which are opposite in phase to 
each other. of a differential amplifier 2602. Therefore. an 
output can be taken out most efficiently from the differential 
amplifier 2602 via the capacitors 2610a and 2610b. 

30 
An electric equivalent circuit corresponding to the 

arrangement of FIG. 26 is shown in FIG. 27. As shown in 
FIG. 27. the AC power source 603 included in the electric 
field generator 607 is connected to the differential amplifier 

35 2602 via the capacitors 2610a and 2610b. 
The electrode structure of the electric field generator 607 

may have a structure as shown in FIG. 28 instead of the 
coaxial structure shown in FIG. 26. In the electrode 
structure, a plurality of electrodes DI are mounted on a 

40 circumference of the tip end portion of the pen. and the 
electrodes DI are connected to an AC power source Al so 
that a rotational electric field is generated on the circumfer­
ence. According to the above-mentioned structure. there is 
produced an effect that, even though the pen which serves as 

45 the electric field generator rolls. the electrostatic capacity 
between the electrodes of the pen and the electrodes of the 
panel do not change similarly to the electric field generator 
shown in FIG. 26. 

of the rolling of the pen. That is because the electric field 
generator has the specific configuration of the coaxial elec- so 
trode. In other words, so long as the coaxial electrode 
configuration is assured, not depending on the direction and 
angle of the pen-shaped object in which the electric field 
generator is incorporated, the electric field generator is 
consistently coupled with the electrodes of the LCD panel 55 

through an electrostatic capacitive coupling. and the elec­
trical change to be applied can be made constant. 

Then, a result of an experiment shown in FIG. 5 per­
formed by means of the electric field generator 607 is shown 
in FIG. 7. FIG. 7 shows a potential difference measured at 
the frequency of the AC power source 603. FIG. 37 shows 
a frequency characteristic of a detection voltage obtained 
through normalization with a peak-to-peak value of the 
detection voltage set to 1 when the AC frequency is 100 kHz. 
According as the frequency is increased in order of 20 kHz. 
60 kHz. 140 kHz. 200 kHz. 300 kHz. and 400 kHz. the 
detection voltage tends to decrease. however. it can be 
substantially ignored. 

Dimensions of a tip end portion A constituted by the 
coaxial electrodes 604a and 604b shown in FIGS. 6A and 6B 
are determined depending on the electrode dimensions of the 60 
LCD panel used. depending on how many electrodes. for 
determining an electrode pitch, of the LCD panel are con­
nected to the differential amplifier. and depending on other 
factors. For instance, when the electrode pitch of a generic 
LCD panel is 100 µm to 300 µm and adjoining two elec- 65 
trodes are connected to two input terminals of the differential 
amplifier, a distance between the tip end of the inner 

The experiment result shown in FIG. 7 differs from the 
experiment result shown in FIG. 4 in that the detected 
voltage is a double-humped output. Then. the x-coordinate 
value of the bottom portion of the double-humped output 
represents the x-coordinate value of the position in which 
the electrodes 604a and 604b at the tip end of the electric 
field generator 607 are located. Furthermore, though not 
shown in FIG. 7. the detected AC potential difference 
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shown i n  F1G. 1 are not shown in FIG. 8. The image display 
drive circuit 101 and the function changeover control circuit 
108 will be described hereinafter. 

exhibited a phase difference of 180° between both sides of 
the minimum point (bottom portion), i.e .• between bilateral 
peaks located on the right and left sides of the minimum 
point. Furthermore. the electric field generator 102 shown in 

5 F1G. 1 is denoted as an electric field generator 208 in F1G. 
8. The electric field generator 208 is provided with the 
structure shown in F1G. 6 as described hereinbefore. 

In the experiment shown in F1G. 7, a potential difference 
across a pair of adjoining segment electrodes 202 was 
detected by connecting the pair of segment electrodes 202 to 
the differential amplifier 205 with the common electrodes 
201 shown in F1G. 5 all connected to the ground. However, 
conversely a potential difference across a pair of adjoining IO 
common electrodes 201 can be detected by connecting the 
pair of common electrodes 201 to the differential amplifier 
205 with the segment electrodes 202 all connected to the 
ground. Therefore, a y-coordinate value of the electrodes 
604a and 604b of the electric field generator 607 can be 15 
obtained similarly to the experiment shown i n  F1G. 3. That 

As shown in F1G. 8. a reference numeral 100 denotes an 
LCD panel, and the LCD panel 100 has common electrodes 
106 and segment electrodes 107. In particular. segment 
electrodes 107a and 107b constitute a segment electrode pair 
comprised of two adjoining electrodes of which one end is 
opened and the other end is electrically connected to a 
differential amplifier 242 via a first switch circuit group 
249-1 and a second switch circuit group 250. The above­
mentioned structure is the basic structure of the first embodi-
ment. 

As shown in F1G. 8. the coordinate detection circuit 105 
includes the first switch circuit group 249-1, the second 
switch circuit group 250. a third switch circuit 249-2. a 
coordinate transformation circuit 175 and a timing control 
circuit 174. The first switch circuit group 249-1 includes 
switch circuits 249a. 249b, 249c, 249d, 249e, 249.f. 249g and 

is. by performing two times similar detection operations 
from the segment electrode side and from the common 
electrode side so as to detect and decide the coordinates of 
the bottom portion of each double-humped output obtained, 20 
the coordinates of the bottom portion correspond to the 
coordinates of the position in which the electrodes 604a and 
604b are located. Therefore, the coordinates (x,y) of the 
position in which the electrodes 604a and 604b of the 
electric field generator 607 are located can be specified. 25 249h. The second switch circuit group 250 includes switch 

circuits 250a, 250b, 250c and 250d. The third switch circuit 
249-2 includes switch circuits 249i and 249j. Although the electric field generator corresponding to the 

electric field generator 102 shown in F1G. 1 is provided with 
an AC power source in the aforementioned two experiments, 
a combination of a Peltier device and a n  LC parallel circuit 
or a serial resonance circuit may be provided in place of the 30 

AC power source. What is essential is the structure in which 
the electric field generator is capable of generating an AC 
electric field. 

Although the segment electrodes are connected to the 
35 ground in the aforementioned two experiments, the segment 

electrodes may be connected to nothing as opened i nstead of 
being connected to the ground. However, taking into account 
influence of external noises, the segment electrodes are 
preferably connected to something having a reference poten-

40 tial. Further. a specified voltage may be of course superim-
posed on the segment electrodes via a capacitor or the like. 

Based on the results of the above-mentioned two 
experiments, the inventor proposes the present invention by 
integrating the experiment results with the conventional 45 
techniques of the LCD devices which have been provided 
specially for image display. 

Based on the above description, the first embodiment of 
the present invention will be described in more detail below. 
Since the image display function of the present invention is 50 
quite the same as those of the LCD techniques used 
conventionally, a coordinate input function will be particu­
larly described i n  detail. 

The basic structure of the first embodiment is as shown in 
FIG. I. and is related to all the embodiments. According to 55 
the present invention, the LCD panel 100 may have an 
electrode structure of a generic STN LCD panel. and the 
present invention can be also applied to an electrode struc­
ture of an STN panel having an improved display capacity 
as in a second embodiment descr ibed hereinafter. 60 
Furthermore. the present invention can be also applied to an 
LCD panel having an electrode structure of a TFf panel as 
in a third embodiment described hereinafter. 

The first, second a nd third switch circuit groups 249-1, 
250. and 249-2 transmit a signal detected from each of the 
segment electrodes 107 and the common electrodes 106 of 
the LCD panel 100 to the differential amplifier 242 in the 
first stage provided in  the coordinate transformation circuit 
175 by properly switching in a manner as described here­
inafter. In the present case, among a plurality of segment 
electrodes 107 and common electrodes 106 owned by the 
LCD panel 100, the electrode to which the electric field 
generator 208 is put close and electrodes around it yield the 
maximum detection signal. The principle of the signal 
detection operation is as described based on the aforemen-
tioned experiment result. In more detail, the experiment on 
which the first embodiment is based is shown in F1G. 5, and 
therefore the experiment result shown in F1G. 7 can be 
obtained when the electric field generator 208 is put close to 
the electrodes. According to the experiment result shown in 
F1G. 7. it was confirmed that the electric field generator 208 
was located near the segment electrode placed in an 
x-coordinate position where a bottom of a detected double­
humped output signal takes place. 

Meanwhile, the first switch circuit group 249-1, the 
second switch circuit group 250 and the third switch circuit 
group 249-2 are controlled to be switched by a timing circuit 
174. Then, the first, second and third switch circuit groups 
249-1, 250 a nd 249-2 are controlled by the timing circuit 
174 so as to connect to the differential amplifier 242 a pair 
of adjoining segment electrodes 107 and a pair of adjoining 
common electrodes 106, and a combination of the electrode 
pair to be connected to the differential amplifier 242 is 
shifted one by one i n  a direction in which the electrodes are 
arranged. 

Therefore, according to the first embodiment. an output of 
the differential amplifier 242 becomes a signal in which the 
axis of abscissas (x-coordinate axis) of the experiment result 
shown in F1G. 7 is replaced by a time base. A substitution 
rate of the x-coordinate axis to the time base depends on the FIG. 8 shows in detail a structure of the coordinate 

detection circuit 105 provided in the aforementioned first 
embodiment. It is to be noted that the image display drive 
circuit 101 a nd the function changeover control circuit 108 

65 speed of switching the first. second and third switch circuit 
groups by means of the timing circuit 174. Therefore. by 
detecting a timing (time) of the bottom portion of the 
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double-humped output signal as shown in FIG. 7 by means 
of the coordinate transformation circuit 175. the coordinates 
of the position of the electric field generator 208 placed on 
the LCD panel 100 can be detected. What is essential in the 
first embodiment is to detect the coordinates of the position 
of the electric field generator 208. 

As described above. the coordinate transformation circuit 
175 has a function of detecting the bottom portion of the 
double-humped output obtained in the experiment of FIG. 5 
and thereby designating the position in which the electric 
field generator 208 is located. As described above. the signal 
inputted from the first. second and third switch circuits 
249-1, 250 and 249-2 controlled by the timing circuit 174 to 
the coordinate transformation circuit 175 is converted into a 
signal in which the axis of abscissas of the experiment result 
shown in FIG. 7 is replaced by a time base. The aforemen­
tioned signal transformation is  performed by controlling the 
operations of the switch circuits by means of the timing 
circuit 174. Again in more detail. by switching the first, 
second and third switch circuit groups 249-1, 250. and 249-2 
by means of the timing circuit 174 so as to scan. for example. 
the segment electrodes 107. an output similar to that of FIG. 

30 
signal inputted to the envelope detector 186 is shown in FIG. 
9A. Then. the envelope detector 186 outputs an envelope of 
an amplified signal. Then. the signal of which envelope is 
detected is inputted to a comparator 180 so as to be com-

5 pared with a reference voltage (reference voltage for 
comparison) in the comparator 180 to be binarized. FIG. 9B 
shows a waveform of the signal inputted to the comparator 
180 and the reference voltage (one-dot chain line). while 
FIG. 9C shows a waveform of the signal binarized by the 

10 comparator 180. 
Then, an output binarized by the comparator 180 is 

inputted to a T-flip--flop 181. The T-flip--flop 181 is a type 
which operates using a trailing edge of a T-input as a clock 
and includes a set terminal S. and a Q output terminal thereof 

15 is set upon receiving a signal from the timing circuit 174 at 
the set terminal S. The T-flip-flop 181 forms a pulse having 
a leading edge at a bottom portion of the double-humped 
signal indicated by a dashed line in FIG. 9C at an inverted 
Q output terminal thereof. The pulse waveform is shown in 

20 F IG. 9D. 

7 can be obtained. Then. the axis of abscissas of the output 
can represent the scanning position of the electrodes cur­
rently scanned on the LCD panel 100 as well as a time at 25 

which the electrodes are sequentially scanned. Operations of 
the aforementioned switch circuit groups will be described 

Then. a Q output pulse of the T-flip-flop 181 is processed 
in a delay circuit 182 to be delayed as indicated by a solid 
line in FIG. 9E. and further inputted to a NAND gate 183. 
With the above-mentioned operation. a pulse as shown in 
FIG. 9F which has a negative polarity and a duration 
corresponding to a delay time of the delay circuit 182 can be 
obtained as an output of the NAND gate 183. The pulse 
shown in FIG. 9F exists at the bottom portion of the 
double-humped output voltage of the output signal of the 

in detail hereinafter. 
Next, an operation of the first embodiment will be 

described with reference to FIG. 8. Meanwhile. signal 
waveforms inside the coordinate transformation circuit 175 
shown in FIG. 8 are shown in order according to a signal 
flow in FIGS. 9A. 9B. 9C. 9D. 9E and 9F. 

A signal transmitted from the common electrodes 106 and 
the segment electrodes 107 of the LCD panel 100 to the 
coordinate transformation circuit 175 via the first switch 
circuit group 249-1. the second switch circuit group 250 and 
the third switch circuit group 249-2 is firstly inputted to the 
differential amplifier 242. I n  the differential amplifier 242. 
the transmitted signal is properly amplified to a level at 
which the signal can be easily handled. I n  the aforemen­
tioned experiment. the signal to be detected has a voltage of 
several millivolts. Therefore. by amplifying the transmitted 
signal by several hundred times to thousand times. the 
amplified signal has a voltage on the order of several volts 
to be easily handled. 

As a result. an output obtained by amplifying a signal 
similar to that shown in FIG. 7 can be obtained from the 
differential amplifier 242 according to the position of the 
electric field generator 208. Since the signal detection is thus 
performed by means of the differential amplifier 242. there 
is an advantage that external noises which have entered 
evenly into two inputs of the differential amplifier can be 
effectively removed. 

30 differential amplifier 242 shown in FIG. 9A. 
Meanwhile. a set signal which is outputted from the 

timing circuit 174 and then inputted to the set terminal S of 
the T-flip-flop 181 is simultaneously transmitted to a load 

35 terminal of a counter 184. Then. the counter 184 starts 
counting according to a specified clock using the set signal 
as a time reference. A count value of the counter 184 is 
inputted to a D terminal of a D-flip-flop 185. At the same 
time. the negative pulse from the NAND gate 183 is inputted 

40 to a clock terminal of the D-flip-flop 185. The D-flip-flop 
185 holds data supplied from the counter 184 at a time when 
it receives the negative pulse from the NAND gate 183. 

I n  the present case. operation timings of the switch circuit 
groups 249-1. 250 and 249-2 are controlled by the timing 

45 circuit 174 in a manner as described above. and the elec­
trodes 10'1 and 107 of the LCD panel 100 are scanned 
sequentially one by one in the y-axis and x-axis directions 
with two adjoining ones of the electrodes set as a pair. 
Therefore, the data held in the D-flip-flop 185 represents the 

50 coordinates of the position in which the electric field gen­
erator 208 is located on the LCD panel 100. 

Next. operations of the first switch circuit group 249-1. 
the second switch circuit group 250, the third switch circuit 
group 249-2 and the timing circuit 174 will be described in 

55 greater detail below. First. an operation of the timing circuit 
174 will be described. The timing circuit 174 controls the 
operations of the first. second and third switch circuit 
groups. The timing circuit 174 outputs a clock signal to the 

In the present case. the first. second and third switch 
circuits groups 249-1, 250 and 249-2 are controlled by the 
timing circuit 174 in a manner as described above so as to 
scanningly select between the plural number of common 
electrodes 10'1 and the plural number of segment electrodes 60 
107 and connect each selected electrode to the differential 

counter 184. 
As  described hereinbefore with regard to each 

experiment. it is acceptable to connect all the common 
electrodes 10'1 to the ground and detect a signal from the 
segment electrodes 107. Conversely. it is acceptable to 
connect all the segment electrodes 107 to the ground and 

amplifier 242. In other words. the signal to be inputted to the 
differential amplifier 242 is a signal in which the axis of 
abscissas of the experiment result of FIG. 7 is replaced by 
a time base. 

Then. the signal amplified in the differential amplifier 242 
is inputted to an envelope detector 18'1. A waveform of the 

65 detect a signal from the common electrodes 106. In the 
aforementioned experiment. a voltage having a double­
humped waveform was able to be detected at and around the 
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coordinates of the position in which the electric field gen­
erator 208 was located. The coordinates at which the bottom 
of the double-humped voltage waveform was located were 
the coordinates of the position in which the electric field 
generator 208 was located. Then. the x-coordinate value of 
the electric field generator 208 can be specified by scanning 
the segment electrodes. while the y-coordinate value of the 
electric field generator 208 can be specified by scanning the 
common electrodes. Therefore. by performing the scanning 
operation time-sharingly two times. the xy-coordinates of 
the electric field generator 208 can be specified. 

32 

shown in FIG. 8, a first segment electrode 107 from the 
origin is connected to the positive input terminal of the 
differential amplifier 242. while a second segment electrode 
107 from the origin is connected to the negative input 

5 terminal of the differential amplifier 242. 
Subsequently, when scanning proceeds by one step. the 

contact point connection state shown in FIG. 8 changes to 
connect the second segment electrode 107 in the shown 
x-coordinate axis to the positive input terminal of the 

10 differential amplifier 242 and connect the third segment 
electrode 107 to the negative input terminal of the differen­
tial amplifier 242. Thus the two electrodes to be connected 
to the differential amplifier 242 are shifted one by one in the 

FIG. 12 shows a sequence that the first switch circuit 
group 249-1. the second switch circuit group 250 and the 
third switch circuit group 249-2 are controlled by the timing 
circuit 174 so as to scan the segment electrodes 107 sequen- 15 

tially from a first one to an "n"th one and thereafter scan the 
common electrodes UHi sequentially from a first one to an 
"m"th one. It is to be noted that "n" and "m" represent the 
numbers of the segment electrodes and the common elec­
trodes. 

direction in which the electrodes are arranged. 
In accordance with proceeding of the electrode scanning 

operation ( elapse of time), there is inputted to the input 
terminals of the differential amplifier 242 a double-humped 
waveform which is similar to a voltage waveform shown in 
FIG. 7, i.e., the experiment result of FIG. S and has its axis 

20 of abscissas replaced by a time base. 
According to the experiment shown in FIG. S described 

hereinbefore. it i s  required to connect all the common 
electrodes 106 to the ground when the detection is per­
formed from the segment electrodes 107. The converse can 
also hold. Taking the above-mentioned matter into account. 
when the segment electrode 107 are scanned to detect 
coordinates from the segment electrode 107, the timing 
circuit 174 controls switch circuits 249a, 249b, 249c and 
249d connected to the segment electrodes so as to connect 
the switch circuits 249a through 249d to switch circuits 
250a and 250b constituting the second switch circuit group 
250 in the next stage. Meanwhile. the timing circuit 174 
controls switch circuits 249e, 249!, 249g and 249h con­
nected to the common electrodes 106 so as to connect the 
switch circuits 249e through 249h to the ground. Then, the 
timing circuit 174 controls switch circuits 249i and 249j of 
the third switch circuit group 249-2 so as to switch the 
switch circuits 249i and 249j to the segment electrode side 
S. With the above-mentioned operation. a signal from the 
segment electrodes 107 is transmitted to the differential 
amplifier 242. Meanwhile. the common electrodes 106 are 
connected to the ground. 

Conversely, when coordinates are detected from the com­
mon electrodes 106 side, the timing circuit 174 connects the 
switch circuits 249e, 249!, 249g and 249h connected to the 
common electrodes 106 to switch circuits 250c and 250d in 
the next stage. Then, the timing circuit 174 connects to the 
ground the switch circuits 249a through 249d connected to 
the segment electrodes 107. Then, the timing circuit 174 
connects the third switch circuits 249/ and 249g to the 
common electrode side C. With the above-mentioned 
operation, a signal from the common electrodes 106 is 
transmitted to the differential amplifier 242, while the seg­
ment electrodes 107 are connected to the ground. 

It is to be noted that the second switch circuits 250a, 250b, 
250c and 250d are controlled by the timing circuit 174 to be 
properly switched so as to sequentially scan the segment 
electrodes and the common electrodes. Therefore. the dif­
ferential amplifier 242 can sequentially detect a voltage 
outputted from the segment electrodes 107 or the common 
electrodes 106. 

The switch circuits 250a through 250d of the second 
switch circuit group 2SO are switched so as to sequentially 
scan from the electrode on the origin side of the x- and 
y-coordinate axes shown in FIG. 8. In the contact point 
connection state of the switch circuits 2SOa through 250d 

Although the adjoining two electrodes are paired in 
scanning in order to reproduce the experiment of FIG. S in 
the first embodiment, it is also acceptable to pair adjoining 
two electrode groups so as to connect the electrode groups 

25 to the differential amplifier 242. 
In the first embodiment, a timing at which the second 

switch circuits 250a through 250d shown in FIG. 8 are 
switched to sequentially scan the electrodes of the LCD 
panel 100 and a timing at which the counter 184 increments 30 
its count value one count by one count are made to coincide 
with each other. Therefore, the electrode connected to the 
differential amplifier 242 in the electrode scanning time can 
be known by means of the count value of the counter 184. 

35 Then the NAND gate 183 outputs a pulse to the D-ffip-
flop 18S, and when the D-flip-flop 18S receives the pulse. the 
D-fli]rflop 18S holds the count value inputted from the 
counter 184. In other words, the count value thus held 
represents each of the ordinal numbers of electrodes 

40 assigned in order from the origin of the xy-coordinate axes 
in which the electric field generator 208 is located. 

It is to be noted that the timing control circuit 174 is 
required to switch the second switch circuit group 250 
according to a switching control signal synchronized with 

45 the clock signal outputted to the counter 184. 
In FIG. 12, numerals 1. 2, 3 . . . .  , n and numerals 1, 2. 

3 . . . .  , m each enclosed in a mark ◊ illustrated respectively 
in the segment electrode detection period and the common 
electrode detection period of the coordinate detection period 

50 represent count values of the counter 184, and concurrently 
represent the ordinal numbers of contact points to which the 
second switch circuit group 2SO is connected as well as the 
ordinal numbers of electrodes assigned in order from the 
origin of the xy-axes. 

55 The above-mentioned coordinate detection operation is 
achieved by controlling switching of the switch circuit 
groups 249-1. 250 and 249-2 by the switching control signal 
outputted from the timing control circuit 174 on the control 
lines extending from the timing control circuit 174. FIG. 12 

60 shows a switching operation performed by the switch circuit 
groups. 

The switch circuits for performing the above-mentioned 
switching operation according to the signal obtained from 
the control lines extending from the timing control circuit 

65 174 can be easily implemented by. for example. an appro­
priate multiplexer device. Furthermore. the timing circuit 
17 4 for outputting the switching control signal on the control 
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lines can be also easily implemented by combining a counter shown in FIGS. 38C and 38D supplied from the tinung 
device. a gate device. and so forth availed on the market. circuit 174 to the switch circuits 249. In the coordinate 

Furthermore. as described above. the tinung control cir- detection period. both the signals switch the contact points 
of the switch circuits to the segment electrode side S and to cuit 174 outputs a set signal to the set ternunal S of the 
the common electrode side C. In the image display period. T-flip-flop 181 and the load ternunal of the counter 184. The 5 
the switching control signal shown in FIG. 38C connects the above-mentioned time is the set timing of the T-flip-flop 18L switch circuits 249a through d to the segment electrode side. the load timing of the counter 184. and the time (tinung) at while the switching control signal shown in FIG. 38D which the electrode scanning is started from the segment connects the switch circuits 249e through j to the common electrode side or the common electrode side. electrode side. Further. a switching control signal as shown 

As described hereinbefore. the timing at which the second 10 
in FIG. 38E connects the switch circuit 250 always to the 

switch circuit group 250 sequentially switches to scan the contact point 6 in the image display period. and sequentially 
electrodes 106 and 107 and the tinung at which the counter scans the contact points 1 through 5 in the coordinate input 
184 is incremented one count by one count are made to period. 
coincide with each other. Therefore. the ordinal number Furthermore. the timing circuit 174 generates a load 
from the origin of the coordinate axes of the electrode that 15 

signal as shown in FIG. 38F based on a timing signal is connected to the differential amplifier 242 in the electrode supplied from the function changeover control circuit 108. scanning time is represented by the count value of the The load signal is outputted once at a detection start time on 
counter 184. The above is because. as described the segment electrode side and a detection start time on the 
hereinbefore. the timing control circuit 174 outputs a switch- common electrode side. Subsequently. the counter 184 starts 
ing control signal to the second switch circuit group 250 in 20 

counting. and increments it count value in accordance with 
synchronization with the clock inputted from the timing a clock. control circuit 174 to the counter 184. When the electric field generator 208 is located around the 

Since the first. second and third switch circuit groups third segment electrode and the fourth common electrode. 
249-1. 250 and 249-2 are thus controlled by the timing 

25 i.e .• around the coordinates (x.y)=(3.4). a waveform as 
control circuit 174. the D-flip-flop 185 holds its count value shown in FIG. 38H is outputted from the T-flip-flop 181 as 
obtained by sequentially counting each of the segment explained with reference to the waveform shown in FIG. 9. 
electrodes and common electrodes, i.e .. data representing the When the second switch circuit group 250 scans a position 
ordinal number from the origin of the electrode connected to around the third segment electrode and the fourth common 
the differential amplifier 242. That is. the held data can be 

30 electrode. a pulse having a negative polarity is outputted 
interpreted as a value counted by the counter 184 in syn- from the NAND circuit 183 as shown in FIG. 381 With the 
chronization with the electrode scanning from the time when above-mentioned operation. an instantaneous count value 
the counter 184 is reset on starting scanning of electrodes to (3.4) of the counter 184 is latched in the D-flip-flop 185 as 
the time when the negative pulse is generated from the shown in FIG. 38J. The count value represents the coordi-
NAND gate 183. It is a matter of course that the counter 184 

35 nates at which the electric field generator 208 is located. 
starts counting at the reset time and counts one count by one Thus the coordinate detection is achieved. 
count only when the electrode scanning position is shifted As described above. the x-coordinate value and the by one electrode. y-coordinate value of the position in which the electric field 

In other words, the above-mentioned count value can be generator 208 is located are held in the D-flip-flop 185 in 
inteipreted as a value which is obtained. as a result of 40 accordance with the timing at which the negative pulse is 
searching a bottom portion of the double-humped output outputted from the NAND circuit 183 in each of the detec-
voltage corresponding to the position of the coordinates of tion periods shown in FIG. 12. Data representing the coor-
the electric field generator 208 by shifting one by one the dinates of the position of the electric field generator 208 can 
electrodes of the LCD panel 100 which are conn�cted t_o th� be separately utilized as detected coordinate data. There is 
differential amplifier 242 by means of the switch crrcuit 45 no specific linutation on application methods of the data. For 
groups. by representing the bottom position by the amount instance. by repetitively lighting previously detected coor-
of electrodes counted by the coordinate transformation cir- dinates in a period in which the function changeover control 
cuit 175. and then held in the D-flip-flop 185. That is. the circuit 108 shown in FIG. 1 orders an image display 
result of detecting the x-coordinate value or the y-coordina� operation. an image can be written on the LCD panel 100 by 
value of the position of the electric field generator 208 is 50 means of the electric field generator 208 with a touch of 
detected as represented by the amount of electrodes counted. writing an image on a paper sheet by means of a writing pen. 

The above-mentioned operation will be described again Furthermore, by taking the simultaneously detected coordi-
with reference to timing charts shown in FIGS. 38A through nate data in a CPU. a desired processing operation such as 
38J. The tinung charts show an enlargement of the coordi- character recognition can be performed. 
nate detection period of the timing chart shown in FIG. 12. 55 Although the coordinate transformation circuit 175 shown 

Among signals transmitted from the tinung circuit 174 to in FIG. 8 is used in the first embodiment. a coordinate 
the counter 184 shown in FIG. 8. a clock signal is continu- transformation circuit 175T as shown in FIG. 10 may be 

ously supplied in a manner as shown in FIG. 38B. used in place of the coordinate transformation circuit 175 
The timing circuit 174 generates a switching control shown in FIG. 8. The coor�ate transformation circuit 175T 

signal to be supplied to the first switch circuit group 249-1 60 includes a par�el connecti�n composed of an envelope 
based on a tinung signal as shown in FIG. 38A supplied from detector 191 havmg a great time constant and an envelope 
the function changeover control circuit 108. A switching detector 192 having a small tim� constant. !he envelope 
control signal supplied to the switch circuits 24!Ja through d detectors 191 and 192 connected m par�lel w1tJ_t each o�her 
is shown in FIG. 38C. while a switching control signal are connected between an output of the differential amplifier 
supplied to the switch circuits 249e through j is shown in 65 24� and a �ere�ti� c�cuit _193. :',n ?�tput_of �e differ-
FIG. 38D. The control signals are used for switching the ential circuit 193 is bmanzed m a_ bmanzmg crrc_u1t 194 and 
switch circuits according to FIG. 12. There are two signals further connected to a clock termmal of the D-fl1p-flop 185. 
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The D-flip-flop 185 is connected to the counter 184. and the 
counter 184 is connected to the timing circuit 174 in the 
same manner as in the coordinate transformation circuit 175 
shown in FIG. 8. 

In the coordinate transformation circuit 17Sf. a signal 
which has passed through the switch circuits 249i and 249j 
shown in FIG. 8 is inputted to the differential amplifier 242 
and amplified to a specified level. Then. the amplified signal 
is inputted to the envelope detector 191 having a great time 
constant and the envelope detector 192 having a small time 
constant. A signal waveform inputted to the envelope detec­
tors 191 and 192 is shown in F IG. llA. Further. the envelope 
detector 191 having a great time constant outputs a signal 
wherein the bottom of the double-humped output is shal­
lowed as shown in FIG. llC. On the other hand. as shown 
in FIG. llB. the envelope detector 192 having a small time 
constant outputs a signal having the envelope waveform of 
the signal shown in FIG. llA. 

Then. the differential circuit 193 takes a difference 
between the outputs of the two detectors 191 and 192. An 
output waveform of the differential circuit 193 is shown in 
FIG. 11D. The output signal shown in FIG. 11D is inputted 
to the binarizing circuit 194. and compared with a specified 
reference voltage in the binarizing circuit so as to be 
binarized. An output waveform of the binarizing circuit 194 
is shown in FIG llE. An output signal of the binarizing 
circuit 194 is a pulse signal. By shaping the pulse signal by 
means of the T-flip-tlop 181. the delay circuit 182, and the 
NANO gate 183 in the same manner as described 
hereinbefore. a pulse signal which is synchronized with the 
position of the bottom of the signal waveform of the 
experiment result shown in FIG. 7 can be obtained. 
Therefore. the coordinates of the position of the electric field 
generator 208 can be obtained by means of the counter 184 
and the D-flip-flop 185 in the same manner as described 
hereinbefore. Although the difference between the outputs of 
the envelope detectors 191 and 192 is calculated, the bottom 
portion where a great difference takes place between the 
outputs can be also detected by subjecting the outputs of the 
detectors 191 and 192 to a product calculation process. 

Although the envelope of the signal is extracted by 
subjecting the output of the differential amplifier 242 to an 
envelope detection process by means of an envelope detec­
tor in the first embodiment, a means for detecting an 
effective value may be used. 

The two structural examples 175 and 17Sf of the afore­
mentioned coordinate transformation circuit are to detect the 
bottom portion of the signal waveform by paying attention 
to a change in amplitude. However, there is a variety of 
structural examples for implementing such a coordinate 
transformation circuit other than the aforementioned two 
structural examples. 

There can be considered another structure for each of the 
switch circuits of the first embodiment. Since each switch 
circuit can be easily constructed in a variety of ways, no 
description is provided therefor herein. What is essential is 
the provision of a structure which can assure the timing 
shown in FIG. 12. Furthermore, there is no special reason for 
using a switch circuit. and therefore a circuit having a 
function similar to that of each switch circuit can be con­
structed by combining a three-state buffer circuit and other 
devices in an effective combinatorial style. 

Although the above description has been based on an 
LCD panel having 16 pixels for simplicity in the first 
embodiment. the LCD panel 100 of course includes a greater 
amount of pixels in a practical case as described hereinbe-
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fore. Furthermore. in a case of an LCD panel having more 
pixels, utterly the same basic structure and basic operation 
as those of the first embodiment can be also achieved. 

As described hereinbefore, the function changeover con-
5 trol circuit 108 shown in FIG. 1 controls the image display 

drive circuit 101 and the coordinate detection circuit 105 so 
as to time-sharingly alternately perform image display and 
coordinate detection operations on the LCD panel 100. The 
function changeover control circuit 108 shown in FIG. 1 

10 outputs a control signal to the timing circuit 174 shown in 
FIG. 8. Then. the coordinate detection circuit 105 performs 
the aforementioned coordinate detection operation only in 
the coordinate detection period. and operates to disconnect 
the first switch circuit group 249 and so forth from the LCD 

15 panel 100 so that they do not hinder the image display 
operation in the image display period. In more detail. in the 
image display period, the switch circuits 249a through h 
constituting the first switch circuit group 249-1 are con­
nected to the contact points for connecting all the electrodes 

20 to the second switch circuit group 250. That is. the switch 
circuits 249a through d are connected to the contact points 
on the side S in FIG. 8, while the switch circuits 249e 
through h are connected to the contact points on the side C. 
On the other hand, switch circuits 250a through d consti-

25 tuting the second switch circuit group 250 are connected to 
the sixth contact point connected to nothing. Further. the 
switch circuits 249i and 249j constituting the third switch 
circuit group 249-2 in the next stage are connected to no 
contact point With the above-mentioned arrangement, the 

30 image display operation on the LCD panel 100 is not 
influenced by the coordinate detection circuit 105. and 
therefore the image display operation is performed utterly in 
the same manner as in the prior arts. Meanwhile. an output 
circuit (not shown) of the image display drive circuit 101 

35 shown in FIG. 1 normally has a three-state buffer, and 
therefore an output terminal thereof is allowed to have a high 
impedance by external control. Therefore. it is proper to 
make the function changeover control circuit 108 control the 
image display drive circuit 101 so as to operate the output 

40 circuit of the image display drive circuit 101 only in the 
image display period and make the output terminal of the 
image display drive circuit 101 have a high impedance in the 
coordinate input period. With the above-mentioned 
arrangement. the image display drive circuit Hl exerts no 

45 influence on the coordinate detection circuit 105. Thus the 
coordinate input circuit and the image display drive circuit 
can be easily separated from each other. 

I n  the first embodiment, as shown in FIG. 8. one segment 
electrode 107 or one comm.on electrode 106 is connected to 

50 each of the two input terminals of the differential amplifier 
242. However. as shown in FIG. 33A, two electrodes of the 
LCD panel may be connected to each of the input terminals 
of the differential amplifier 242. Furthermore, as shown in 
F IG. 33B, three electrodes of the LCD panel may be 

55 connected to each of the input terminals of the differential 
amplifier 242. Thus. by connecting several electrodes to 
each of the input terminals of the differential amplifier, a 
signal-to-noise ratio of the detection signal can be improved. 
It is to be noted that the switch circuits and the timing circuit 

60 shown in FIG. 8 are not illustrated in FIG. 33 for simplifi­
cation. 

In the first embodiment, a pair of electrodes 107 con­
nected to the input terminals of the differential amplifier 242 
are adjoining to each other. However. as shown in FIG. 34A. 

65 a pair of electrodes 107 arranged with interposition of one 
electrode 107 may be connected to the input terminals of the 
differential amplifier 242. Furthermore, as shown in FIG. 
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tion as described hereinbefore. Therefore. whatever display 
panel is used, a coordinate input function can be incorpo­
rated into the panel by means of the technique of the present 
invention. Therefore. the present invention can be also 

5 applied to the multiple electrode simultaneous scanning type 
LCD panel 260. The second embodiment is an embodiment 
wherein the present invention is applied to the LCD panel 
260. 

34B. a pair of segment electrodes 107 arranged with inter­
position of two electrodes 107 may be connected to the input 
terminals of the differential amplifier 242. Furthermore. as 
shown in FIG. 35A. a pair of electrode groups 107G2 
arranged with interposition of one electrode 107 may be 
connected to the differential amplifier 242. The electrode 
groups 107G2 are each comprised of two electrodes 107. 
Furthermore. as shown in FIG. 35B. a pair of electrode 
groups 107G3 arranged with interposition of two electrodes 
107 may be connected to the differential amplifier 242. The 10 
electrode groups 107G3 are each comprised of three elec­
trodes. 

As shown in FIGS. 33A through 35B. there are numbers 

FIG. 36 shows a module structure of the second embodi­
ment. As shown in FIG. 36 . the second embodiment includes 
a printed circuit board 701 which is provided in a bracket­
like form alongside the LCD panel 260. The printed circuit 
board 701 is provided with an x-axis IC device 702. an 
x-axis IC device 703. a y-axis IC device 704. a timing 
control IC 705. and a signal J/0 terminal 706. The x-axis IC 
device 702 is connected to the segment electrode 262a, and 
the x-axis IC device 703 is connected to the segment 
electrode 262b, and the y-axis IC device 704 is connected to 
the common electrodes 261a and 261b. 

The x-axis IC devices 702 and 703 and the y-axis IC 
device 704 are designed to have the function of the coordi­
nate detection circuit 105 concurrently with the function of 
the image display drive circuit 101 shown in FIG. 1. The 
timing control IC 705 corresponds to the function 

of methods for connecting the electrodes to the differential 
amplifier 242. What is essential is to connect the electrodes 15 
so as to achieve a most improved signal-to-noise ratio. For 
instance. when a pair of electrode groups arranged with 
interposition of three electrodes are connected to the differ­
ential amplifier. the electrode groups are each required to 
include four electrodes. Furthermore. in any of the connec- 20 
tions shown in FIGS. 33A through 35B. the point that the 
scanning of the electrodes is performed one electrode by one 
electrode is the same as in the first embodiment. and 
therefore a resolution in position detection does not dete­
riorate. 25 changeover control circuit 108 shown in FIG. 1 .  

Second embodiment 
Next. a second embodiment of the present invention will 

be descnbed The second embodiment includes an LCD 
panel of which display capacity is increased. The LCD panel 
of which display capacity is increased is shown in FIG. 13. 
The LCD panel 260 shown in FIG. 13 includes a common 
electrode 261a in an upper row in FIG. 13 and a common 
electrode 261b in a lower row in FIG. 13. The common 
electrodes 261a and 261b are connected to common elec­
trode connectors 264a and 264b, respectively. 

The LCD panel 260 further includes a segment electrode 
262a in an upper row in FIG. 13 and a segment electrode 
262b in a lower row in FIG. 13. The segment electrodes 
262a and 262b are connected to segment electrode conne� 
tors 263a and 263b, respectively. 

As shown in FIG. 13. a pair of segment electrode 262a 
and segment electrode 262b has a configuration where an 
approximately center portion of one segment electrode is 
removed. 

The LCD panel 260 shown in FIG. 13 is referred to as a 
"multiple electrode simultaneous scanning type panel". The 
LCD panel 260 adopts a duty ratio drive system. and has a 
configuration where each segment electrode comprised of a 
pair of segment electrode 262a and segment electrode 262b 

The module structure of the second embodiment differs 
from the conventional LCD module provided specially for 
image display in that the timing control IC 705 and the 

30 
signal J/0 terminal are incorporated. 

As shown in FIG. 36, the module of the second embodi­
ment is the same as the conventional display module pro­
vided specially for image display in terms of the point that 
the bracket-shaped printed circuit board 701 is attached to 

35 the LCD panel 260 as arranged opposite to only three sides 
of the panel. Therefore, the printed circuit board 701 of the 
second embodiment can be mounted in a space having an 
area identical to that of the space in which the conventional 
module provided specially for image display has been 

40 provided The above-mentioned arrangement not only sat­
isfies a requirement for compacting the product but also 
prevents the possible complication of the manufacturing 
process. thereby producing an effect of remarkably reducing 
the manufacturing cost. 

45 In contrast to the above. in the conventional coordinate 
input function-integrated display device as described 
hereinbefore. it is required to connect a printed circuit board 
to all the four sides of the LCD panel. which has been 
resulted in a drawback that a device in which a module 

50 (printed circuit board) is mounted dimensionally increases. 
is separated into two parts at its center portion. In other 
words. the segment electrode comprised of a pair of segment 
electrodes 262a and 262b has a structural feature that it does 
not continuously extend from one end to the other end of the 
LCD panel 260. Therefore. the LCD panel 260 has. so to 55 

speak. a structure in which two upper and lower LCD panels 

As shown in FIG. 14. the second embodiment has at least 
two sets of the basic structure of the first embodiment of the 
present invention described hereinbefore. In regard to the 
segment electrodes 262a and 262b, signals are taken out 
both from the upper side and lower side by means of 
differential amplifiers 205a and 205b. In FIG. 14. the 

are connected with each other at the center position in FIG. 
13. In regard to structure. the multiple electrode simulta­
neous scanning type LCD panel 260 has a pair of terminals 
led from the common electrodes 261a and 261b and two 60 
pairs of terminals wired from the segment electrodes 262a 
and 262b. The terminals of the common electrodes 261a and 
261b are often led rightward or leftward. while the terminals 

common electrodes 261a and 261b are connected to the 
ground. Conversely. it is required to provide a switch circuit 
(not shown) for changing the connections so as to connect 
the segment electrodes 262a and 262b to the ground and take 
out signals from the common electrodes 261a and 261b. It 
is to be noted that a reference numeral 208 denotes an 
electric field generator. 

of the segment electrodes 262a and 262b are often led both 
upward and downward. 

The present invention is capable of completely separating 
the coordinate input function from the image display func-

Since the LCD panel 260 is widely used in a word 
65 processor or the like. numbers of reference documents can 

be obtained. For instance, it is appropriate to refer to page 99 
of "Liquid crystals=Applications. compiled by Okano and 
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kobayashi. published by Tofuukan. 7th issue. 1992" as a 
reference document. Needless to say. the LCD panel 2ti0 has 
been conventionally used specially for image display. and 
therefore peripheral circuits and so forth for an image 
display operation are well known. 

Next. a structure and an operation of the second embodi­
ment will be described with reference to FIG. 15. FIG. 15 for 
explaining the second embodiment corresponds to FIG. 8 for 
explaining the first embodiment. An LCD panel 280 as 
shown in FIG. 15 is an LCD panel substantially similar to 
that of the multiple electrode simultaneous scanning type 
LCD panel 260 shown in FIG. 13. The LCD panel 280 
includes a segment electrode 284 of which approximate 
center portion is removed similarly to the LCD panel 2liO 
shown in FIG. 14. Therefore. the segment electrode 284 has 
a segment electrode 284a in an upper row in FIG. 15 and a 
segment electrode 284b in a lower row in FIG. 15. The LCD 
panel 280 further includes a common electrode 285 similarly 
to the LCD panel 260. 

As shown in FIG. 15. a pair of two segment electrodes 
284a and 284b have their one end opened and the other end 
connected to a differential amplifier 281 and a differential 
amplifier 282. Then. outputs of the differential amplifier 281 
and the differential amplifier 282 are connected to an adder 
283. A reference numeral 208 denotes an electric field 
generator. 

A coordinate transformation circuit 175 as shown in FIG. 
15 has a structure substantially similar to that of the coor­
dinate transformation circuit 175 shown in FIG. 8. The 
coordinate transfonnation circuit 175 has an envelope detec­
tion circuit 286b, a binarizing circuit 286, a counter 288. a 
D-flip-flop 288, a timing circuit 290, a T-flip-flop 181. a 
delay circuit 182, and a NAND circuit 183. As described 
hereinafter. there are required several switch circuits similar 
to those shown in FIG. 8 other than the structure shown in 
FIG. 15. 

In the state shown in FIG. 15. the common electrodes 285 
are connected to the ground. while the segment electrodes 
284 are connected to two differential amplifiers 281 and 282. 
Some of the above-mentioned switch circuits have a role of 
changing the connections of the segment electrodes 284 and 
the common electrodes 285 and a role of scanning the 
electrodes. 

As described hereinbefore. an experiment on which the 
present embodiment is based is shown in FIG. 5. An output 
as shown in FIG. 7 was able to be obtained from the 
electrodes to which the electric field generator 208 was put 
close. According to the experiment result shown in FIG. 7. 
it was confirmed that the electric field generator 208 was 
located at or around the coordinates indicated by the bottom 

40 
part of the LCD panel 280. the signal from the electrodes 
284 and 285 can be detected only by the differential ampli­
fier 282. Therefore, by adding together the outputs from the 
two differential amplifiers 281 and 282 in the adder 283. the 

5 position of the electric field generator 208 can be detected on 
the entire surface of the LCD panel 280. The above­
mentioned arrangement is the main feature of the second 
embodiment. 

Next. an operation of the second embodiment will be 
IO described according to a signal flow with reference to FIG. 

15. 
First. when the electric field generator 208 is located at the 

upper half part of the LCD panel 280. a signal from the LCD 
panel 280 is detected only by the differential amplifier 281. 

15 When the electric field generator 208 is located at the lower 
half part of the LCD panel 280. the signal from the LCD 
panel 280 is detected only by the differential amplifier 282. 
Therefore. the differential amplifiers 281 and 282 output 
signals similar to the signal shown in FIG. 7 according to the 

20 position of the electric field generator 208. Therefore, by 
adding together the outputs of the differential amplifiers 281 
and 282 in the adder 283. an output similar to the output 
shown in FIG. 7 can be obtained when the electric field 
generator 208 is located in whichever position of the entire 

25 surface of the LCD panel 280. 

30 

A signal flow subsequent to the adder 283 is approxi­
mately equal to that of the first embodiment. That is, the 
signal is detected by the envelope detection circuit 286b to 
detect an envelope, and then the envelope output is binarized 
by the binarizing circuit 286 to obtain a pulse signal. Then 
the pulse signal is subjected to a waveform shaping process 
in the T-flip-flop 181, the delay circuit 182 and the NAND 
circuit 183 to obtain an output pulse. The output pulse is 
generated in correspondence with the position of the bottom 

35 of the double-humped signal shown in FIG. 7 similarly to 
the first embodiment. Therefore. by detecting the output 
pulse, the position of the electric field generator 208 can be 
detected. 

40 The timing circuit 290 inputs a set signal representing a 
specified timing to a load terminal of the counter 289. The 
counter 289 starts counting according to a specified clock 
with the set signal used as a time reference. Then. by 
inputting a count value of the counter 289 to a D terminal of 

45 
the D-flip-flop 288 and inputting the output pulse from the 
NAND gate 183 to a clock terminal of the D-flip-flop 288, 
the D-flip-flop 288 holds data supplied from the counter 289 
to the D-flip-flop 288 in accordance with a timing at which 
the output pulse from the binarizing circuit 286 is outputted. 

50 When the timing circuit 290 performs an operation timing 
control as described below. the data held in the D-flip-flop 
288 can represent the coordinates of the electric field gen­
erator 208. 

The operation of detecting the coordinates of the position 
of the electric field generator 208 is performed similarly to 
the first embodiment. just as explained with reference to 
FIG. 8. That is. though not shown in FIG. 15, by providing 
a specific switch circuit and controlling the switch circuit 
similarly to the first embodiment so as to scan the segment 

of the detected double-humped output signal. Therefore, 
also in the second embodiment, it can be considered that the 
differential amplifier 281 or 282 outputs a signal in which 
the axis of abscissas of the experiment result of FIG. 7 is 55 
replaced by a time base similarly to the first embodiment. 
Then. by detecting a timing (time) at which the bottom of the 
output signal takes place. the coordinates of the position in 
which the electric field generator 208 is located can be 
detected. 60 electrodes and the common electrodes. a signal can be 

detected to allow the coordinates of the electric field gen­
erator 208 to be specified. 

In the second embodiment. the LCD panel 280 can be 
regarded as a panel separated into two upper and lower parts 
in FIG. 15. Therefore. when the electric field generator 208 
is located at the upper half part of the LCD panel 280. a 
signal from the electrodes 284 and 285 of the LCD panel 280 
can be detected only by the differential amplifier 281. When 
the electric field generator 208 is located at the lower half 

Next, necessary switch circuits which are not illustrated in 
FIG. 15 will be described with reference to FIG. 16. FIG. 16 

65 shows a first switch circuit 291. a second switch circuit 292 
and a third switch circuit 293 which are necessary. The first 
switch circuit 291 is comprised of first switch circuits 291a 



5.798.756 

41 
through d, 29le through h and 29li through l. The second 
switch circuit 292 is comprised of switch circuits 292a and 
b, switch circuits 292c and d and switch circuits 292e andf 
Operations of the first. second and third switch circuits 291. 
292 and 293 and the timing circuit 290 will be described. 

As shown in FlG. 16. in the second embodiment. the first 
switch circuits 291a, b, c and dare provided for the segment 
electrode 284a, while the first switch circuits 291e, f. g and 
h are provided for the segment electrode 284b. In other 
words, in the second embodiment. the first switch circuits 
291a through d and 291e through h are provided along two 
sides of the LCD panel 280. Since the second embodiment 
has the switch circuits for detecting a signal from the 
segment electrodes along the two sides of the LCD panel 
280, the switch circuit structure is more complicated than 
that of the first embodiment. 

Though no detailed structure is shown in FlG. 16, the first 
and second switch circuits 291 and 292 have the same 
structures as those of the first switch circuit group 249-1 and 
the second switch circuit group 250 shown in FlG. 8. For 
instance, the switch circuits 291a, b, c and d and 291e, f. g 
and h shown in FlG. 16 have the same structures as those of 
the switch circuits 249a, b, c and d shown in FlG. 8. 
Similarly. the switch circuits 291� j, k and l shown in FIG. 
16 have the same structures as those of the switch circuits 
249e, f. g and h shown in FIG. 8. 

42 
proper to time-sharingly perform two times coordinate 
detection of the position of the electric field generator 208 
from the segment electrode 284 side and from the common 
electrode 285 side. In a manner similar to that confirmed in 

5 the experiment of FlG. 5. when the segment electrodes 284 
are scanned to detect the coordinates of the position, it is 
required to connect all the common electrodes 285 to the 
ground. The converse can also hold. Therefore. the timing 
circuit 290 switchingly controls the switch circuits 291 and 

10 292 so as to satisfy the aforementioned requirements. In 
detail. when the segment electrodes 284 are scanned to 
detect the x-coordinate value of the electric field generator 
208. the first switch circuits 291a through d and 291e 
through h connected to the segment electrodes 284 are 

15 connected to the second switch circuits 292a and b and 292c 
and d in the next stage so as to transmit signals. Then. the 
first switch circuits 29li through l connected to the common 
electrodes 285 are connected to the ground. Consequently, 
signals from the segment electrodes 284 are transmitted to 

20 the differential amplifiers 281 and 282 via the second switch 
circuits 292a and b and 292c and d, respectively. Then, 
signals amplified in the differential amplifiers 281 and 282 
are further added together in the adder 283. Then. a signal 
outputted from the adder 283 is inputted to the coordinate 

25 transformation circuit 175 via the third switch circuit 293 
switched to the segment electrode side s. and then transmit­
ted to the binarizing circuit 286. A subsequent signal flow 
and an operation of the coordinate transformation circuit 175 The switch circuits 292a and b and switch circuits 292c 

and d shown in FlG. 16 have the same structures as those of 
the switch circuits 250a and b shown in FlG. 8, while the 30 
switch circuits 292e andf shown in FlG. 16 have the same 
structures as those of the switch circuits 250c and d shown 

are the same as explained in the first embodiment. 
Conversely. when the coordinate detection is performed 

from the common electrodes 285 side, the first switch 
circuits 291i through I connected to the common electrodes 
285 are connected to the second switch circuits 292e and f 
in the next stage to transmit a signal. Meanwhile. the switch 

in FlG. 8. 
Thus. since the first and second switch circuits 291 and. 

292 of the second embodiment correspond to the first and 
second switch circuits of the first embodiment, it is easy to 
understand the structure shown in FlG. 16 with reference to 
FlG. 8. 

Next. an operation of the timing circuit 290 will be 
described. The timing circuit 290 mainly controls the opera­
tions of the first, second and third switch circuits 291, 292 
and 293, and further generates a clock signal to be inputted 
to the counter 289. The timing circuit 290 controls the switch 
circuits 291. 292 and 293. and makes the data held in the 
D-ffip-flop 288 designate the coordinates of the electric field 
generator 208 by inputting the clock signal to the counter 
289. The control is performed by the timing circuit 290 in 
the same manner as in the first embodiment shown in FlG. 
12. 

In the second embodiment. a signal can be detected from 
the segment electrodes 284 by means of the differential 
amplifiers 281 and 282 with the common electrodes 285 all 
connected to the ground in the same manner as described in 
the aforementioned experiment. Also. a signal can be 
detected from the common electrodes 285 by means of a 
differential amplifier 294 with the segment electrodes 284 all 
connected to the ground. In the aforementioned experiment. 
a voltage waveform having a double-humped form was able 
to be detected in correspondence with the position of the 
electric field generator. Then. the bottom portion of the 
double-humped voltage waveform represented the coordi­
nates of the position in which the electric field generator 208 
was located. Therefore, by performing two times coordinate 
detection from the segment electrode side and coordinate 
detection from the common electrode side, the 
xy-coordinates of the electric field generator 208 was able to 
be specified. Therefore. also in the second embodiment. it is 

35 circuits 291a through d and 29le through h connected to the 
segment electrodes 284 are connected to the ground. A 
signal outputted from the second switch circuits 292e and 
292f is transmitted via the differential amplifier 294 to the 
third switch circuit 293 which is switched to the common 

40 electrode side c. Since the third switch circuit 293 is 
switched to the common electrode side c, the signal is 
transmitted to the binarizing circuit 286 of the coordinate 
transformation circuit 175. A subsequent signal flow and an 
operation of the coordinate transformation circuit 175 are 

45 the same as those of the first embodiment described here­
inbefore. 

The second switch circuits 292a and b, c and d and e and 
f are switched so as to sequentially scan the segment 
electrodes 284 and the common electrodes 285, with which 

50 it can be detected how great value of voltage is outputted 
from each of the segment electrodes 284 and the common 
electrodes 285 by means of the differential amplifiers 281, 
282 and 294. The second switch circuit 292 sequentially 
scans each of the electrodes from the electrode adjacent to 

55 the origin of xy-coordinate axes shown in FlG. 16. In FlG. 
16. there are set xy-coordinate axes of which origin is 
located at a lower right position of the LCD panel 280 
similarly to FlG. 8. Then, the electrodes are sequentially 
scanned from the one adjacent to the origin of the 

6() xy-coordinate axes. 
When the states of the contact points of the switch circuits 

291 and 292 shown in FlG. 16 are in the same contact point 
connection states as those of the first and second switch 
circuits shown in FlG. 8. the first segment electrode 284 

65 from the origin of the x-axis is connected to a negative input 
terminal of the differential amplifier 281. and the second 
segment electrode from the origin of the x-axis is connected 
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to a positive input terminal of the differential amplifier 281. 
When the scanning proceeds by one step. the second seg­
ment electrode from the origin of the x-axis and the third 
segment electrode from the origin of the x-axis are con­
nected to the negative input terminal and the positive input 5 

terminal of the differential amplifier 281. respectively. 
Meanwhile. the first segment electrode from the origin of 

the x-axis is connected to a positive input terminal of the 
differential amplifier 282, and the second segment electrode 
from the origin of the x-axis is connected to a negative input 10 
terminal of the differential amplifier 282. When the scanning 
proceeds by one step. the second segment electrode from the 
origin of the x-axis and the third segment electrode from the 
origin of the x-axis are connected to the negative input 
terminal and the positive input terminal of the differential 15 
amplifier 282. respectively. 

Thus a combination of the pair composed of four segment 
electrodes 284a and 284b which are arranged in the upper 
and lower rows and connected to the two differential ampli­
fiers 281 and 282 is shifted sequentially one electrode by one 20 

electrode in a direction in which x-axis position coordinates 
are arranged in the x-axis. Thus. each combination of the 
segment electrodes to be connected to the differential ampli­
fiers 281 and 282 is sequentially scanned. Therefore, a 
waveform obtained by replacing the axis of abscissas of the 25 

double-humped waveform shown in HG. 7 with a time base 
is outputted from the output terminal of the adder 283. In 
other words, the condition of the experiment shown in HG. 
7 is reproduced. 

In the second embodiment. the scanning is performed by 30 

pairing adjoining two electrodes in order to faithfully repro­
duce the experiment shown in HG. 5. However, the above­
mentioned scanning may be performed by grouping adjoin­
ing or adjacent two or more electrodes as an electrode group 

35 and pairing adjoining two electrode groups. 
The scanning operation is performed by outputting a 

switching control signal from the timing circuit 290 to 
control lines which are wired from the timing circuit 290 to 
the switch circuits 291 through 293. A switching operation 40 
of the switch circuits is shown in HG. 12. 

44 
the counter 289 is held in the D-flip-flop 288. The value held 
in the D-flip-fiop 288 is a count value that the counter 289 
has counted sequentially one count by one count in syn­
chronization with the electrode scanning from a time when 
the counter 289 is reset to a time when a negative pulse is 
generated from the NAND gate 183. 

In other words, the count value is a value which is 
obtained. as a result of searching by means of the switch 
circuits the bottom portion of a double-humped output 
voltage corresponding to the coordinates of the position of 
the electric field generator 208 by shifting one by one the 
electrodes of the LCD panel 280 connected to the differential 
amplifiers in the scanning direction. by representing the 
position of the bottom with the amount of electrodes counted 
by the coordinate transformation circuit 175, and then held 
in the D-flip-flop 288. In other words. the x-coordinate value 
or the y-coordinate value of the position in which the electric 
field generator 208 is located is detected as represented by 
the counted amount of electrodes. 

As described above, the x-coordinate value and the 
y-coordinate value of the position in which the electric field 
generator 208 is located are each held in the D-flip-flop 288 
when the negative pulse is outputted from the NAND gate 
183 in each detection period shown in FIG. 12. The data 
representing the coordinates of the position of the electric 
field generator 208 can be separately utilized as detected 
coordinate data. Though there is no specific limitation on 
application methods of the data, for example, an application 
similar to that described in the first embodiment can be 
achieved. 

It is to be noted that each switch circuit may have a 
structure other than that of the second embodiment Since 
each switch circuit can be easily constructed in a variety of 
ways, no particular description is provided therefor herein. 
What is essential is the assurance of the timing shown in 
HG. 12 by means of the switch circuits. Furthermore, there 
is no special reason for using a switch circuit, and therefore 
a circuit obtained by effectively combining a three-state 
buffer circuit and other devices may be utilized. 

Although the second embodiment has been described 
based on only 16 pixels shown concretely for simplicity, the 
LCD panel 280 of course practically includes a greater 
number of pixels. Furthermore, the same basic structure and 

The switch circuit for performing the switching operation 
by a signal inputted via the control lines from the timing 
circuit 290 can be easily implemented by, for example, an 
appropriate multiplexer device. Furthermore, the timing 
circuit 290 for outputting a control signal as described above 
to the control lines can be easily implemented by combining 
a counter device, a gate device, and so forth availed on the 
market 

45 basic operation as those of the second embodiment can be 
also achieved in an LCD panel having more pixels. 

A timing at which the second switch circuits 292 are 
sequentially switched under the control of the timing circuit 
290 to scan the electrodes 284 and 285 and a timing at which 
the counter 289 counts one count by one count are made to 
coincide with each other. Therefore. the count value of the 
counter 289 represents the ordinal number from the origin of 
each of the electrodes 284 and 285 connected to the differ­
ential amplifiers 281, 282 and 294 in the scanning time. The 
timing circuit 290 of course generates a switching control 
signal to be inputted to the second switch circuits 292 in 
synchronization with the clock signal inputted from the 
timing circuit 290 to the counter 289. It is easy to make the 
timing circuit 290 have a structure for generating such a 
control signal. 

If the switch circuits 291 are thus controlled. conse­
quently a value representing the ordinal number from the 
origin of the electrodes connected to the differential ampli­
fiers in the electrode scanning time, i.e .• the count value of 

The second embodiment includes the function 
changeover control circuit 108 shown in FIG. 1. The func­
tion changeover control circuit 108 controls the image 

50 display drive circuit 101 and the coordinate detection circuit 
105 to make the LCD panel 280 perform time-sharingly 
alternately image display and coordinate detection opera­
tions. The function changeover control circuit 108 shown in 
FIG. 1 outputs a control signal to the timing circuit 290 

55 shown in FIG. Hi. Then, the coordinate detection circuit 105 
performs the aforementioned coordinate detection operation 
only in the coordinate detection period. and operates to 
disconnect the first switch circuits 291 and so forth from the 
LCD panel 280 so that they do not hinder the image display 

60 operation in the image display period. In more detail. in the 
image display period, the first switch circuits 291a through 
l connect their contact points so as to electrically connect all 
the electrodes of the LCD panel 280 to the second switch 
circuits 292a through/ Then, the second switch circuits 292 

65 are connected to contact points connected to nothing. 
Therefore, the differential amplifiers 281, 282 and 294 
subsequent to the second switch circuits 292 are discon-
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trode 314b, and one end of the segment electrodes 314a is 
electrically opened in a position before a peripheral edge of 
the LCD panel 310. Then the other end of the pair of the 
segment electrodes 314a is connected to an input terminal of 

nected from the LCD panel 280. Consequently. the image 
display operation is not influenced by the coordinate detec­
tion circuit 105 shown in FIG. 1 including the coordinate 
transformation circuit 175. In other words. an operation 
similar to that of the conventional LCD device provided 
specially for image display can be performed in the image 
display period. The second embodiment includes the func­
tion changeover control circuit 108 and the image display 
drive circuit 101 shown in FIG. 1. and the operations of the 
circuits are the same as those of the first embodiment. 

5 a differential amplifier 311. On the other hand. a pair of two 
segment electrodes 314b and 314b are arranged with inter­
position of one segment electrode 314a, and one end of the 
segment electrodes 314b is electrically opened in a position 
before a peripheral edge of the LCD panel 310. Then the 

Third embodiment 
10 other end of the pair of the segment electrodes 314b is 

connected to an input terminal of a differential amplifier 312. 

Next. a third embodiment of the present invention will be 
described. The third embodiment is an embodiment in which 

An output terminal of the differential amplifier 311 and an 
output terminal of the differential amplifier 312 are con­
nected to input terminals of an adder 313. A reference 

15 numeral 208 denotes an electric field generator. 
a coordinate detection device of the present invention is 
applied to a TFf (Thin Film Transistor) LCD panel. As 
described hereinbefore in the first and second embodiments. 
the coordinate input function and the image display function 
can be completely separated from each other when the 
present invention is applied to an LCD panel provided for 
image display. Then. as is apparent from the following 20 

description of the third embodiment. a coordinate input 
function can be incorporated into a TFf LCD panel by 
means of the technique of the present invention. 

FIG. 17 shows a structure of a TFf LCD panel 310. As 
shown in FIG. 17. the TFf LCD panel 310 normally has a 25 

structural feature that segment electrodes 314a and 314b are 
extending in a comb-like form alternately from the upper 
and lower ends of the LCD panel 310. 

As shown in FIG. 18. the third embodiment includes two 
30 

pairs of the basic structure of the first embodiment shown in 
FIG. 8. That is, a signal can be taken out of the segment 
electrodes 314a and 314b owned by the LCD panel 310 
alternately from the upper and lower ends in a direction in 
which the electrodes are arranged. FIG. 18 shows a state in 

35 
which common electrodes 315 of the LCD panel 310 are 
connected to the ground. The third embodiment includes 
switch circuits similarly to the second embodiment shown in 
FIG. 16. The switch circuits switch an electrode connection 
state as shown in FIG. 18 so that they can connect the 40 
segment electrodes 314 to the ground and take out a signal 
from the common electrodes 315 and transmit the signal to 
a differential amplifier (not shown). 

Since the above-mentioned TFf LCD panel is already 
used widely. numbers of reference documents can be easily 45 
obtained. For instance. it is appropriate to refer to page 104 
of "Liquid crystals=Applications. compiled by Okano and 
kobayashi. published by Tofuukan. 7th issue, 1992" as a 
reference document. Since the TFf LCD panel has been 
conventionally used specially for image display, peripheral 50 
circuits and so forth for image display are well known. 

1n the TFf LCD panel 310. a display section has a 
dimension of 17 cm (laterally)x14.3 cm (longitudinally). a 
pixel structure of 640 (for each of R. G and B colors) pixels 
(laterally )x480 pixels (longitudinally) and a pixel dimension 55 
of 255 µm (laterally)x300 µm (longitudinally). Further. the 
TFf LCD panel has two glass plates each having a thickness 
of 1 mm. a gap of about 7 µm between the two glass plates. 

The third embodiment has a coordinate transformation 
circuit 175 connected to an output terminal of the adder 313. 
The coordinate transformation circuit 175 has the same 
structure as that of the coordinate transformation circuit of 
the second embodiment shown in FIG. 15, and includes an 
envelope detection circuit 316b, a binarizing circuit 316, a 
counter 319. a D-flip-flop 318, a T-flip-flop 181. a delay 
circuit 182, and a NAND gate 183. The third embodiment 
further includes a timing circuit 320 similar to that of the 
second embodiment. 

As described hereinafter. the third embodiment requires 
several switch circuits similarly to the second embodiment. 
The switch circuits have a function of switching a connec­
tion state of the common electrodes 315 and the segment 
electrodes 314 and a function of shifting the connection state 
of the electrodes one by one in a direction in which the 
electrodes are arranged as explained in the second embodi­
ment. 

The third embodiment is based on the experiment shown 
in FIG. 5 similarly to the first and second embodiments. By 
putting the electric field generator 208 close to the electrodes 
shown in FIG. 5. the experiment result shown in FIG. 7 was 
able to be obtained. It was confirmed that the electric field 
generator 208 was located near the electrodes of the LCD 
panel at which the bottom of the detected output signal 
waveform took place. 

Therefore. the differential amplifier 311 or 312 outputs a 
signal in which the axis of abscissas of the experiment result 
shown in FIG. 7 is replaced by a time base similarly to the 
first embodiment. T herefore, similarly to the first 
embodiment. a timing (time) at which the bottom of the 
signal waveform exists can be used as a signal representing 
the coordinates of the position in which the electric field 
generator 208 is located. 

When the electric field generator 208 is located near the 
segment electrodes 314a, signals are outputted from both the 
differential amplifier 311 and the differential amplifier 312. 
Therefore. by adding together the output signals from the 
differential amplifiers 311 and 312, the position of the 
electric field generator 208 can be detected when the electric 
field generator 208 is located in whichever position of the 
entire surface of the LCD panel 310. 

FIG. 20 shows a result obtained by performing an experi-an electrode width of about 35 µm. and an electrode thick­
ness of about 1 µm. 60 ment similar to that shown in FIG. 5 on the TFf LCD panel. 

FIG. 19 shows in detail the structure of the third embodi­
ment. FIG. 19 corresponds to FIG. 15 used for the descrip­
tion of the second embodiment. 1n FIG. 19. a reference 
numeral 310 denotes a TFf LCD panel, and the TFT LCD 
panel 310 includes segment electrodes 314 and common 65 

electrodes 315. A pair of two segment electrodes 314a and 
314a are arranged with interposition of one segment elec-

The experiment result shown in FIG. 20 shows a tendency 
similar to that of the experiment result shown in FIG. 7. That 
is, as shown in FIG. 20, an AC output voltage of which 
envelope has a double-humped shape can be obtained from 
the differential amplifiers. Then, a minimum (bottom) output 
voltage can be obtained from the segment electrodes 314a to 
which the electric field generator 208 is put dose. In other 
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words. the output vol tage shown in FIG. 20 is rel ated to the 
position of the e l ectric fiel d generator 208. 

Next. an operation of the third embodiment will be 
described with reference to FIG. 19. 

First. the differential ampl ifiers 311 and 312 output a 5 

detection voltage shown in FIG. 20 in correspondence with 
the position of the el ectric fiel d generator 208. T hen. the 
adder 313 adds together the outputs of the differential 
amplifiers 311 and 312. and outputs a doubl e-humped output 
vol tage waveform simil ar to that shown in FIG. 9A. Then. 10 

the envel ope detection circuit 316b detects and extracts the 
envel ope of the doubl e-humped output vol tage waveform. 
Then. the binarizing circuit 316 compares the detected 
envel ope waveform with a specified reference voltage to 
binarize the same. and outputs a pul se signal similar to that 15 

shown in FIG. 9C. Toe position of the pulse s ignal corre­
sponds to the bottom of the signal of the experiment resul t 
shown in FIG. 20. That is. the position of the pulse signal 
represents the position of the electric fiel d generator 208. An 
output signal of the binarizing circuit 316 is inputted to the 20 

T-flip-flop 181 similarl y to the first embodiment. and an 
output from an inverted Q terminal of the T-flip-flop 181 is 
directly inputted to the NAND gate 183. and an output from 
a Q terminal of the T-flip-flop 181 is inputted to the NAND 
gate 183 via the del ay circuit 182. Then. an output of the 25 

NAND gate 183 is inputted to a clock terminal of the 
D-flip-flop 318. 

On the other hand. the timing circuit 320 outputs a signal 
representing a specified timing as a set signal to a l oad 
terminal of the counter 319. and the counter 319 starts 30 

counting according to a specified clock with the l oad signal 
used as a time reference. A count value of the counter 319 
is inputted to a D terminal of the D-filp-flop 318. 

An output of the NAND gate 183 is inputted to a clock 35 
terminal of the D-filp-flop 318. Therefore. data supplied 
from the D-flip-flop 318 is hel d in accordance with the 
timing at which a pul se is outputted from the D-flip-flop 318. 

Therefore. by making the timing circuit 320 perform a 
proper timing control as foll ows. the data hel d in the 40 
D-flip-flop 318 can represent the coordinates of the position 
of the electric fiel d generator 208. 

As to an operation of the timing circuit 320, there is 
required an operation of scanning the segment e l ectrodes 
and the common electrodes by control ling the s witch circuits 45 
similarl y to the timing circuit 290 shown in FIGS. 15 and 16 
of the second embodiment. The above-mentioned operation 
will be described bel ow. 

48 
second switch circuits 342c and d shown in FIG. 21 have the 
same structures as those of the switch circuits 25& and b 
shown in FIG. 8 except for a difference in amount of circuits. 
Further. the second switch circuits 342e andf shown in FIG. 
21 have the same structures as those of the switch circuits 
250c and d shown in FIG. 8 except for a difference in 
amount of circuits. Therefore. the operation of the switch 
circuits of the third embodiment can be easily understood 
with reference to FIG. 8 together with FIG. 21 whil e taking 
the above-mentioned correspondence into account. 

Then. an operation of the timing circuit 320 will be 
described. Toe timing circuit 320 mainl y control s the opera­
tions of the first. second and third switch circuits 341. 342 
and 343. Further. the timing circuit 320 generates a clock 
signa l to be inputted to the counter 319. Toe timing circuit 
320 control s the s witch circuits 341. 342 and 343. and inputs 
the cl ock signal to the counter 319 so as to make the data 
hel d in the D-flip-flop 318 represent the coordinates of the 
electric fiel d generator 208. The above-mentioned control 
operation is performed by the timing circuit 320 in a manner 
as shown in FIG. 12 of the first embodiment. 

In the third embodiment. with the common electrodes 315 
all connected to the ground. a signal from the segment 
el ectrodes 314 can be detected by the differential ampl ifiers 
311 and 312 in a manner as described in the aforementioned 
experiment. Al so, with the segment el ectrodes 314 all con­
nected to the ground. a signal can be detected from the 
common electrodes 315 by a differential amplifier 344. In 
the aforementioned experiment. a double-humped vol tage 
waveform was abl e to be obtained in correspondence with 
the position of the electric fiel d generator. The bottom 
portion of the doubl e-humped vol tage waveform repre­
sented the coordinates of the position in which the el ectric 
fiel d generator 208 was located. Therefore. by performing 
two times the operations of position coordinate detection 
from the segment e l ectrode side and position coordinate 
detection from the common e l ectrode side, the 
xy-coordinates of the electric fiel d generator was abl e to be 
specified. Therefore, also in the third embodiment. it is 
proper to time-sharingly perform two times the operations of 
the coordinate detection of the position of the el ectric fiel d 
generator 208 from the segment e l ectrode 314 side and from 
the common electrode 315 side. Simil arl y to the experiment 
shown in FIG. 5, it is required to connect al l the common 
electrodes 315 to the ground when the coordinates of the 
position are detected by scanning the segment e l ectrodes 
314. Toe converse can also hold. Therefore. the timing 
circuit 320 switchingly controls the switch circuits 341 and 
342 so as to satisfy the aforementioned requirements. In 
detail , when the segment e l ectrodes 314 are scanned to 
detect the x-coordinate value of the electric fie l d generator As shown in FIG. 21. in the third embodiment, first s witch 

circuits 341a, 341b and 341c and second switch circuits 
342a and 342b are provided for the segment electrodes 
314a, whil e first switch circuits 341d, 341e and 34 1f and 
second switch circuits 342c and 342d are provided for the 
segment el ectrodes 314b. Further. first switch circuits 341g, 
341h and 341i and second switch circuits 342e and 342fare 
provided for the common el ectrodes 315. 

50 208. the first switch circuits 341a, b and c and 341d, e and 
f connected to the segment el ectrodes 314 are connected to 
the second switch circuits 342a and b and 342c and d in the 
next stage to transmit signals. Then. the first switch circuits 
341g through i connected to the common electrodes 315 are 

Though FIG. 21 does not show a detail ed structure of the 
switch circuits provided in the third embodiment. the s witch 
circuits have utterly the same structures as those of the 
switch circuits shown in FIG. 8 of the first embodiment 
except for a difference in amount of circuits. 

In detail . the first switch circuits 341a, b and c and 341d, 
e and f shown in FIG. 21 have the same structures as those 
of the switch circuits 249a, b and c shown in FIG. 8. The first 
switch circuits 341g, h and i shown in FIG. 21 have the same 
structures as those of the s witch circuits 249e, f and g shown 
in FIG. 8. The second switch circuits 342a and b and the 

55 connected to the ground. Consequent l y. the signals from the 
segment el ectrodes 314a and b are transmitted to the dif­
ferential amplifiers 311 and 312 via the second switch 
circuits 342a and b and c and d. Then. signa l s amplified in 
the differential amplifiers 311 and 312 are further added 

60 together in the adder 313. Then. an output signal from the 
adder 313 is inputted to the coordinate transformation circuit 
175 via the third switch circuit 343 switched to the segment 
el ectrode side s. and then transmitted to the binarizing circuit 
316 via the envel ope detection circuit 316b. A subsequent 

65 signal flow and an operation of the coordinate transforma­
tion circuit 175 are the same as expl ained in the first 
embodiment. 
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performed by grouping. for example, adjoining or adjacent 
two or more electrodes as an electrode group and pairing 
adjoining two electrode groups. 

The scanning operation is performed by outputting a 

Conversely, when the coordinate detection operation is 
performed from the common electrode 315 side. the first 
switch circuits 341g through 341i connected to the common 
electrodes 315 are connected to the second switch circuits 
342e and f in the next stage to transmit the signal. 
Meanwhile, the switch circuits 341a through J connected to 
the segment electrodes 314 are connected to the ground. The 
signal outputted from the second switch circuits 342e and 
342! is transmitted via the differential amplifier 344 to the 
third switch circuit 343 which is switched to the common 
electrode side c. Then. the above-mentioned signal is trans­
mitted to the envelope detection circuit 316b and the bina­
rizing circuit 316 of the coordinate transformation circuit 
175. A subsequent signal flow and an operation of the 
coordinate transformation circuit 175 are the same as those 
of the first embodiment described hereinbefore. 

5 switching control signal from the timing circuit 320 to 
control lines which are wired from the timing circuit 320 to 
the switch circuits 341 through 343. The switching operation 
of the switch circuits is performed according to F1G. 12. 

The switch circuits for performing the switching opera-
10 tion by a signal inputted from the control lines wired from 

the timing circuit 320 can be easily implemented by. for 
example. an appropriate multiplexer device. Furthermore, 
the timing circuit 320 for outputting a control signal as 
described above to the control lines can be easily imple-

15 mented by combining a counter device. a gate device. and so 
forth availed on the market 

The second switch circuits 342a through 342J are 
switched so as to scan the segment electrodes 314 and the 
common electrodes 315, with which it can be detected how 
great value of voltage is outputted from each of the segment 20 
electrodes 314 and the common electrodes 315 by means of 
the differential amplifiers 311, 312 and 344. The second 
switch circuit 342 sequentially scans the electrodes from the 
one adjacent to the origin of the xy-coordinate axes shown 
in F1G. 21. In F1G. 21. the origin is located in a lower right 25 

position of the LCD panel 310 similarly to F1G. 8. 
When the connection states of the contact points of the 

switch circuits 341 and 342 shown in F1G. 21 are in the same 
connection states as those of the contact points of the first 
and second switch circuits shown in HG. 8, a negative input 30 

terminal of the differential amplifier 311 is connected to the 
first segment electrode 314a as counted from the origin. and 
a positive input terminal thereof is connected to the second 
segment electrode 314a as counted from the origin. When 
the scanning proceeds by one step, the negative input 35 

terminal of the differential amplifier 311 is connected to the 
second segment electrode 314a as counted from the origin, 
and the positive input terminal thereof is connected to the 
third segment electrode 314a as counted from the origin. 

40 
Meanwhile. a positive input terminal of the differential 

A timing at which the second switch circuits 342 are 
sequentially switched under the control of the timing circuit 
320 to scan the electrodes 314 and 315 and a timing at which 
the counter 319 counts one count by one count are made to 
coincide with each other. Therefore. the count value of the 
counter 319 represents the ordinal number from the origin of 
each of the electrodes 314 and 315 connected to the differ-
ential amplifiers 311. 312 and 344 in the scanning time. 
Also. the timing circuit 320 generates a switching control 
signal to be inputted to the second switch circuits 342 in 
synchronization with the clock signal inputted from the 
timing circuit 320 to the counter 319. It is easy to make the 
timing circuit 320 have a structure for generating such a 
control signal. 

If the switch circuits 341. 342 and 343 are thus controlled. 
consequently a value representing the ordinal number from 
the origin of the electrode connected to the differential 
amplifiers in the electrode scanning time, i.e.. the count 
value of the counter 319 is held in the D-flip-flop 318. The 
value held in the D-flip-flop 318 is a count value that the 
counter 319 has counted sequentially one count by one count 
in synchronization with the electrode scanning from a time 
when the counter 319 is reset to a time when a negative pulse 
is generated from the NAND gate 183. 

In other words, the count value is a value which is 
obtained. as a result of searching by means of the switch 
circuits the bottom of the double-humped output voltage 
corresponding to the coordinates of the position of the 
electric field generator 208 by shifting in a scanning direc-
tion one by one the electrodes of the LCD panel 310 
connected to the differential amplifiers. by representing the 
position of the bottom with the amount of electrodes counted 

amplifier 312 is connected to the first segment electrode 
314b as counted from the origin, and a negative input 
terminal thereof is connected to the second segment elec­
trode 314b as counted from the origin. When the scanning 45 
proceeds by one step. the positive input terminal of the 
differential amplifier 312 is connected to the second segment 
electrode 314b as counted from the origin. and the negative 
input terminal thereof is connected to the third segment 
electrode 314b as counted from the origin. 

Thus a total of four electrodes comprised of a pair of two 
electrodes connected to the two differential amplifiers 311 
and 312 constitute a pair. and a combination of the pair is 
shifted sequentially one electrode by one electrode in a 
direction in which the x-axis extends. Thus. combinations of 55 
the segment electrodes to be connected to the differential 
amplifiers 311 and 312 are sequentially scanned. Therefore. 

50 by the coordinate transformation circuit 175, and then held 
in the D-fiip-fiop 318. The x-coordinate value or the 
y-coordinate value at the position in which the electric field 
generator 208 is located is represented by the counted 
amount of electrodes. 

a waveform obtained by replacing the axis of abscissas of 
the double-humped waveform shown in F1G. 20 with a time 
base is outputted from the output terminal of the adder 313. 60 
In other words, the state of the experiment shown in FIG. 20 
is reproduced. 

In the third embodiment, the scanning operation is per­
formed by pairing adjoining two segment electrodes 314 of 
the upper side and those of the lower side of the LCD panel 65 

310 in order to faithfully reproduce the experiment shown in 
FIG. 5. However. the aforementioned scanning may be 

As described above. the x-coordinate value and the 
y-coordinate value of the position in which the electric field 
generator 208 is located are held in the D-flip-flop 318 when 
the negative pulse is outputted from the NAND gate 183 in 
each detection period shown in FIG. 12. Data representing 
the coordinates of the position of the electric field generator 
208 can be separately utilized as detected coordinate data. 
Though there is no specific limitation on application meth­
ods of the data, for example. an application similar to that 
described in the first embodiment can be achieved. 

It is to be noted that each switch circuit may have a 
structure other than that of the third embodiment. Since each 
switch circuit can be easily constructed in a variety of ways. 
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no description is provided therefor herein. What is essential 
is the assurance of the timing shown in FIG. 12 by means of 
the switch circuits. Furthermore. there is no special reason 
for using a switch circuit. and therefore a circuit provided by 
effectively combining a three-state buffer circuit and other 5 

devices may be utilized. 
Although the third embodiment has been described based 

on an LCD panel having 30 pixels shown concretely for 
simplicity. utterly the same basic structure and basic opera­
tion as those of the third embodiment can be also achieved 10 

in an LCD panel having more pixels. 
Furthermore. when the TFf LCD panel 310 is used as in 

52 
represent x-coordinate values of xl. x2 and x3 and voltages 
corresponding to the coordinate values in a manner as shown 
in FIG. 22. perform regression analysis or the like based on 
the three points to apply a polynomial. and detect the 
coordinates of an objective point x corresponding to the 
position in which the electric field generator is located. 
There can be considered a variety of other ways to derive the 
coordinates of the position of the electric field generator by 
detecting a voltage induced at the electrodes of the LCD 
panel by means of an electric field exerted from the electric 
field generator. 

One of the segment electrode and the common electrode. 
being not used for coordinate detection. is connected to the 
ground in the first through third embodiments. however. the 

the third embodiment. connections of the segment electrodes 
and the common electrodes to the switch circuits are not 
limited to the connections shown in FIGS. 19 and 21. That 
is. the electrodes may be connected in a manner as shown in 
FIG. 8 where a duty ratio drive LCD panel is used. In the 
above-mentioned case. either one of the two differential 
amplifiers provided at the upper and lower sides shown in 
FIG. 19 is required to be provided. That is. in the present 
case. there is no need to provide two differential amplifiers 
at the upper and lower sides, a nd either one of the differential 
amplifiers is required to be provided. Then. the segment 
electrodes are to be used every other one for coordinate 

15 electrode may be opened as connected to nothing. In the 
above-mentioned case. the electrode tends to be influenced 
by external noises. and therefore it is required to separately 
take some countermeasure such as shield. Therefore. when 
the electrode is not connected to the ground. the electrode is 

20 preferably connected to a specified reference potential. It is 
of course acceptable to superimpose a sort of AC voltage or 
DC voltage via. for example. a capacitor on the electrode 
which is not used for coordinate detection. 

detection. 25 

The third embodiment includes the function changeover 
control circuit 108 shown in F IG. 1. The function 
changeover control circuit 108 controls the image display 
drive circuit 101 and the coordinate detection circuit 105 to 30 
make the LCD panel 310 perform time-sharingly alternately 
image display and coordinate detection operations. The 
function changeover control circuit 108 shown in F IG. 1 
outputs a control signal to the timing circuit 320 shown in 
FIG. 21. Then. the coordinate detection circuit 105 performs 35 
the aforementioned coordinate detection operation only in 
the coordinate detection period. and operates to disconnect 
the first switch circuits 341 and so forth from the LCD panel 
310 so that they do not hinder the image display operation 
in the image display period. In more detail. in the image 40 
display period. the first switch circuits 341a through i 
connect contact points thereof so that all the electrodes of the 
LCD panel 310 are connected to the second switch circuits 
342. The second switch circuits 342 are connected to contact 
points connected to nothing. Therefore. the differential 45 
amplifiers 311. 312 and 344 subsequent to the second switch 
circuits 342 are electrically disconnected from the LCD 
panel 310. As a result. the image display operation is not 
influenced by the coordinate detection circuit 105 shown in 
FIG. 1 including the coordinate transformation circuit 175. 50 
In other words. an operation similar to that of the conven­
tional LCD device provided specially for image display can 
be performed in the image display period. The operations of 
the function changeover control circuit 108 and the image 
display drive circuit 101 provided in the third embodiment 

55 
are the same as those of the first embodiment. 

Although the second and third embodiments are provided 
with the coordinate transformation circuit 175 of the first 
embodiment, each of the embodiments may be provided 
with a coordinate transformation circuit 1751' of the modi­
fication of the first embodiment. 

Fourth embodiment 
Next. a fourth embodiment of the present invention will 

be described. The fourth embodiment has a feature that it 
includes a coordinate transformation circuit rT5 as shown in 
FIG. 23 having a principle of operation of coordinate 
transformation fundamentally different from that of the 
coordinate transformation circuit 175 owned by the first 
embodiment shown in FIG. 8 in place of the coordinate 
transformation circuit 175. The other components except for 
the coordinate transformation circuit 275 have the same 
structure as those of the first embodiment Therefore. the 
fourth embodiment includes a function changeover control 
circuit 108 and an image display drive circuit 101 having the 
same structures as those of the first embodiment. 

The fourth embodiment is common to the first through 
third embodiments in a point as follows. That is. a double­
humped signal waveform in which the axis of abscissas of 
the experiment result shown in FIG. 7 is replaced by a time 
base is inputted to the coordinate transformation circuit 175, 
and the coordinate transformation circuit 175 detects a 
timing at the bottom of the double-humped output signal so 
as to detect the coordinates of the position of the electric 
field generator 208. 

Furthermore. the fourth embodiment differs from the first 
through third embodiments in a point as follows. That is. the 
coordinate transformation circuit having a structure different 
from those of the first through third embodiments is 
provided. and the coordinate transformation circuit detects 
the bottom portion of the double-humped output signal not 
by the amplitude of the signal but by the phase of the signal. 

As described hereinbefore, the aforementioned first 
through third embodiments are designed to make respective 
LCD panels have a coordinate detection function by apply­
ing the present invention to the LCD panels which operate 
according to different principles of image display opera­
tions. 

Furthermore, in the descriptions of the first through third 
embodiments. the position of the electric field detector is 
determined by means of a binarized pulse as shown in F IGS. 
9A through 9F. However, instead of using the binarized 
pulse signal. it is acceptable to detect three points which 

60 In  other words. the coordinate transformation circuit pro­
vided in the fourth embodiment detects the bottom portion 
of the double-humped output signal by taking advantage of 
a phase inversion characteristic that is characterized by a 
phase difference of 180° between a portion of the signal 

65 before the bottom portion of the double-humped output and 
a portion of the signal behind the bottom portion. As 
described above. the point of the fourth embodiment is to 
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detect the timing of the bottom portion by phase paying 
attention to the fact that the phase of the signal is inverted 
between the portions before and behind the bottom portion. 

54 
24D. Further, the signal having the above-mentioned enve­
lope is inputted to the binarizing circuit 223 which compares 
the signal with a reference voltage for comparison to make 
the portion having an amplitude greater than that of the FIG. 23 shows the structure of the coordinate transfor­

mation circuit 275 provided in the fourth embodiment. The 
coordinate transformation circuit 275 includes a differential 
amplifier 179 of which input terminals are connected to 
switch circuits similar to the switch circuits of the first 
embodiment. a delay circuit 220 connected to an output 
terminal of the differential amplifier 179. and a subtracter 
221 of which positive input terminal + is connected to the 
output terminal of the delay circuit 220. A negative input 
terminal - of the subtracter 221 is connected to the output 
terminal of the differential amplifier 179. An output terminal 
of the subtracter 221 is connected to an envelope detector 
222. An output terminal of the envelope detector 222 is 
connected to a binarizing circuit 223. An output terminal of 
the binarizing circuit 223 is connected to a clock terminal of 
the D-flip-flop 185. To an input terminal of the D-flip-flop 
185 is connected an output terminal of the counter 184. 
Though not shown. the counter 184 is connected to a timing 
circuit having the same structure as that of the timing circuit 
of the first embodiment. 

5 reference voltage have an amplitude of zero and make the 
portion having an amplitude smaller than that of the refer­
ence voltage have a specified amplitude. thereby binarizing 
the signal in a manner as shown in FIG. 24E. The binarized 
signal is a pulse signal having a negative polarity. or a pulse 

10 signal having a negative polarity which substantially falls at 
the time when the bottom of the double-humped signal takes 
place. 

When there is a delay time longer than the delay time 
shown in FIGS. 24A and 24B and the output waveform of 

15 the differential amplifier 179 and the output waveform of the 
delay circuit 220 do not timely overlap each other. the signal 
inputted to the subtracter 221 is outputted from the sub­
tracter 221 while satisfying the aforementioned phase rela­
tionship. Exchange of inputs of the subtracter 221 can be of 

20 course properly performed based on a logic. 

In the fourth embodiment having the above-mentioned 
structure. a signal which is obtained by scanning the seg- 25 
ment electrodes or the common electrodes of the display 
panel and transmitted to the differential amplifier 179 simi­
larly to the first embodiment is amplified in the differential 
amplifier 179 and then inputted to the delay circuit 220. An 
output signal waveform of the differential amplifier 179 is 30 
shown in FIG. 24A. In FIGS. 24A through 24E, the axis of 
abscissas represents time, while the axis of ordinates repre­
sents amplitude. As shown in FIG. 24A, the output signal of 
the differential amplifier 179 has a double-humped signal 
waveform similarly to the first embodiment. Further. as 35 

shown in FIG. 24B. the output waveform of the delay circuit 
220 is a waveform obtained by delaying the waveform 
shown in FIG. 24A by a specified time. The delay time is 
related to the switching speed of the switch circuits. The 
delay time is preferably equal to or shorter than a time 40 
interval between the two peaks shown in FIG. 24A. 
Therefore. the slower the switching speed of the switch 
circuits is. the longer the delay time is to be set Therefore. 
the switching speed must be determined taking the practi­
cability of the delay circuit 220 into account. FIGS. 24A 45 
through 24E show an example wherein the delay time of the 
delay circuit 220 is equal to the time interval between the 
two peaks. 

Then, the output signal of the differential amplifier 179 
having the double-humped waveform shown in FIG. 24A so 
and the output signal of the delay circuit 220 having the 
double-humped waveform shown in FIG. 24B are inputted 
to the subtracter 221 to be subjected to a subtraction process 
therein. The phase of the signal is inverted by 180° between 
the portions before and behind the bottom of the double- 55 
humped input signal. Therefore. when signals are simulta­
neously inputted to the two input terminals of the subtracter 
221. the signals themselves are indeed subjected to the 
subtraction process. however. the signal waveform. i.e .. the 
amplitudes of the signals are added together in a manner as 60 
shown in FIG. 24C. Therefore. an output waveform of the 
subtracter 221 becomes a waveform having a highest peak 
and two low peaks arranged with inteiposition of the highest 
peak as shown in FIG. 24C. 

Then. the output signal of the subtracter 221 is inputted to 65 

the envelope detector 222 in which the envelope of the 
signal is extracted. The envelope waveform is shown in FIG. 

It is to be noted that. as shown in FIG. 24E. the output 
pulse of the binarizing circuit 223 has a time delay approxi­
mately corresponding to the delay time of the delay circuit 
220 relative to the bottom poction of the output signal of the 
differential amplifier 179. The above-mentioned phenom­
enon possibly causes an error in coordinate detection. 
However, the delay time of the delay circuit 220 is always 
constant. Therefore. by preparatorily measuring a value of 
deviation of the aforementioned delay time in coordinates 
and subtracting the value of deviation from the coordinate 
data held in the D-flip-flop (latch circuit) 185, the possible 
occurrence of an error in coordinate detection can be pre­
vented. 

The fourth embodiment, which performs a coordinate 
detection operation with regard to the change in phase of the 
signal. has an inherent feature that it is less influenced by 
noises which enter into the detected signal and cause a 
change in amplitude of the signal. 

Operations of the fourth embodiment other than that 
described above are utterly the same as those of the first 
embodiment of the present invention, and therefore no 
description is provided therefor. 

Fifth embodiment 
Next. a fifth embodiment of the present invention will be 

described. The fifth embodiment differs from the first 
through third embodiments only in that a band-pass filter BF 
as shown in FIG. 25 is connected to the input terminal of the 
coordinate detection circuit 105 shown in F IG. 1. 

The band-pass filter BF is practically required to be 
connected to the input terminal of the differential amplifier 
242 and the input side of the switch circuits 249a through 
249h in the circuit of the first embodiment shown in FIG. 8. 
In the circuit of the second embodiment shown in FIG. 16, 
the band-pass filter BF is required to be connected to the 
input terminals of the differential amplifiers 281. 282 and 
294 and the input side of the switch circuits 291a through 
291/. In the circuit of the third embodiment shown in FIG. 
21. the band-pass filter BF is required to be connected to the 
input terminals of the differential amplifiers 311. 312 and 
344 and the input side of the switch circuits 341a through 
34li. 

The band-pass filter BF includes a capacitor C and a 
resistor R connected across an output side terminal of the 
capacitor C and the ground. The band-pass filter BF selects 
only a frequency component at and around the frequency of 
the AC electric field generated by the electric field generator 
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208 and allows it to pass. Therefore. by virtue of the 
existence of the band-pass filter BE only a signal frequency 
effective for coordinate detection is allowed to satisfactorily 
pass and unnecessary noises such as hum noises belonging 

56 
dinate detection means detects the coordinates of the coor­
dinate pointing device on the panel based on the timing at 
which the first and second electrodes are each selected and 
the output of the differential amplifier. 

to a cut-off frequency range of the filter BF can be effectively 5 

reduced. 
Therefore. according to the present invention. the coor-

dinates of the coordinate pointing device can be detected 
without necessitating a signal line between the coordinate 
pointing device and the panel. Furthermore. the coordinates 
of the coordinate pointing device can be detected according 

In the first through fifth embodiments. the frequency 
characteristic can be optimized by connecting a feedback 
circuit Fl as shown in FIG. 39 across the output terminal and 
the inverted input terminal of each differential amplifier. The 
feedback circuit Fl is constituted by a parallel circuit 
comprised of an inductance L. a capacitor C and a resistor 
R. The feedback device includes an LC resonance circuit 
which resonates at the frequency of the AC electric field. In 
the parallel resonance circuit. the impedance is maximized 
at and around the resonance point. and therefore the feed­
back ratio is minimized. Consequently. a great gain can be 
obtained only at and around the resonance frequency. In 
other words. such a device operates as a band-pass filter. It 
is to be noted that the resistor R is used for adjusting the 
maximum gain. In the circuit shown in FIG. 39, a parallel 
resonance circuit F2 comprised of a resistor R. a capacitor 
C and an inductance L is connected across the non-inverted 
input tenninal of each differential amplifier and the ground. 
The circuit F2 also resonates at the frequency of the AC 
electric field, and consequently the impedance is maximized 
at and around the resonance frequency. 

Although envelope detectors (such as 186 shown in FIG. 
8. 191 shown in FIG. 10. 286b shown in FIG. IS, 286b 
shown in FIG. 16. 316b shown in FIG. 19, 316b shown in 
FIG. 21 and 222 shown in FIG. 23) are used in the 
embodiments described hereinbefore, the envelope detectors 
may be each replaced by a synchronous detector. If the 
above-mentioned arrangement is adopted. though a slightly 
complicated circuit configuration results. the envelope of the 
signal can be extracted without distortion more correctly 
than the envelope detector. which produces an effect of 
improving the pen coordinate detection accuracy. 

A synchronous detector shown in FIG. 40 can directly 
substitute for each of the envelope detectors provided in the 
aforementioned embodiments. A PLL forms a continuous 
signal synchronized in phase with a carrier component of the 
input signal. and obtains a product of the input signal and the 
formed continuous signal in  a multiplier circuit. 
Furthermore, a low-pass filter LPF allows only a low­
frequency component to pass so as to extract an envelope of 
the signal. The operation of such a synchronous detector is 
well known. and the detector can be easily implemented by 
combining devices availed on the market. 

10 to the voltage induced at the first and second electrodes by 
an electric field generated from the coordinate pointing 
device. Therefore. the first and second electrodes are not 
required to form a closed loop. Therefore. an LCD panel 
provided specially for image display can be used as the 
above-mentioned panel without making alterations. 

15 Furthermore. according to the present invention. the first and 
second electrodes are not required to form a closed loop. and 
therefore a coordinate detection function can be incorpo­
rated into the LCD panel provided specially for image 
display without providing an electric circuit opposite to the 

20 
four sides of the LCD panel provided specially for image 
display. The above-mentioned fact means that the coordinate 
detection function can be incorporated into the image dis­
play device without increasing the size of the image display 
device having the LCD panel provided specially for image 

25 display, and also means that an image display device having 
a coordinate detection function can be manufactured without 
making great alterations in the existing manufacturing 
equipment for the image display device. 

30 Therefore. according to the present invention. there can be 
provided a coordinate detection device capable of prevent­
ing the increase of development cost and the reduction of 
yield, and dispensing with investment for equipment which 
may cause cost increase, thereby totally contributing to 

35 development of the industry. 
Furthermore. according to the present invention. a signal 

from the electrodes of the panel is amplified in the differ­
ential amplifier. The above-mentioned arrangement has an 
advantage that external noises which have entered evenly 

40 into two inputs of the differential amplifier can be effectively 
removed. 

Furthermore, according to an embodiment. a material 
having an electro-optical effect is sealedly filled in a space 
between two substrates, and the first and second electrodes 

45 are arranged on the substrates while making the first and 
second electrodes concurrently serve as electrodes for image 
display. Therefore, a display panel which has concurrently 
the coordinate detection function and the image display 
function can be provided. 

50 
As is apparent from the above description. in the coordi­

nate detection device of the present invention. the AC 
generator of the coordinate pointing device outputs an AC 
electric field from the tip end of the electrode. When the 
outputted AC electric field effects on the first and second 55 
electrodes of the panel. a voltage corresponding to the 
amplitude of the AC electric field is generated at the first and 
second electrodes. 

Furthermore. according to an embodiment, the coordinate 
pointing device outputs electric fields which are opposite in 
phase to each other from its first and second electrodes to 
which electric fields being opposite in phase to each other 
are applied from the oscillator. 

Therefore. the electrode of the panel receiving the electric 
field from the first electrode outputs an electric field opposite 
in phase to the electric field outputted from the electrodes of 
the panel receiving the electric field from the second elec­
trode. Therefore. electric fields which are opposite in phase Meanwhile. the switching means sequentially switches 

the connections of the first and second electrodes of the 
panel so as to connect the selected electrodes to the differ­
ential amplifier. Therefore. when the first and second elec­
trodes at which the voltage is induced are each connected to 
the differential amplifier, the differential amplifier amplifies 
the induction voltage and outputs the resulting voltage. 

The voltage outputted from the differential amplifier is 
inputted to the coordinate detection means. Then. the coor-

60 to each other are applied to the differential amplifier. 
Therefore. the coordinate detection means can detect a state 
in which the electrodes of the coordinate pointing device are 
located in the position of the panel electrodes selected by the 
switching means upon detecting a discontinuity of the signal 

65 outputted from the differential amplifier occurring when the 
electric fields which are opposite in phase to each other are 
applied to the differential amplifier. 
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Furthermore. according to an embodiment. the first elec­

trode of the coordinate pointing device is a cylinder-shaped 
electrode. while the second electrode of the coordinate 
pointing device is a rod-shaped electrode arranged inside the 
cylinder-shaped electrode. Therefore. even when the coor­
dinate pointing device is rotated around the center axis of the 
rod-shaped electrode. unchanged electric fields are applied 
from the coordinate pointing device to the electrodes of the 
panel. Therefore. the electric fields applied to the electrodes 
of the panel are not changed by the above-mentioned 
rotation irrelevant to the coordinates to be detected. thereby 
allowing an improved coordinate detection accuracy to be 
achieved. 

Furthermore. according to an embodiment. the first elec­
trode of the coordinate pointing device is arranged as 
separated apart at approximately regular intervals around the 
circumference of the second electrode. Therefore. the rota­
tion of the coordinate pointing device around the center axis 
does not change the electric fields applied to the electrodes 
of the panel. thereby allowing an improved coordinate 
detection accuracy to be achieved. 

Furthermore. according to an embodiment, the coordinate 
pointing device has a battery storing section for storing 
therein a battery which serves as a power source for the AC 
oscillator. Therefore, by storing the battery in the battery 
storing section. there is no need to supply an electric power 
to the coordinate pointing device from outside the coordi­
nate pointing device. Therefore. the coordinate pointing 
device is permitted to be connected to nothing. The above­
mentioned arrangement allows a complete codeless coordi­
nate pointing device to be achieved. 

Furthermore. according to an embodi.ment. when the 
coordinate pointing device is stored in the storing portion 
provided at the casing to which the panel is mounted. the 
charging terminal owned by the coordinate pointing device 
and the power supply terminal of the casing are electrically 
connected to each other. Therefore, in the above-mentioned 
time, the secondary battery stored in the battery storing 
section of the coordinate pointing device is charged. 
Therefore. the operating life of the battery which is the 
power source of the coordinate pointing device can be 
remarkably increased. 

Furthermore. according to an embodiment. a resonance 
circuit which resonates with the AC electric field generated 
by the AC oscillator is connected across the output terminal 
and the inverted input terminal of the differential amplifier. 
Therefore. the differential amplifier can selectively amplify 
the AC electric field with a great gain. Therefore. an 
improved coordinate detection sensitivity can be achieved. 

According to an embodiment. the switching means selects 
at least one pair of adjoining electrodes so as to connect the 
selected electrodes to the differential amplifier, and shifts the 
selected electrodes one by one in the direction in which the 
electrodes are arranged. Therefore, by shifting the selected 
electrodes, the coordinate pointing device is, so to speak. 
searched to allow the position coordinates of the coordinate 
pointing device located in the area where the electrodes are 
arranged to be securely detected. 

Furthermore, according to an embodiment. the switching 
means selects a pair of adjoining electrodes of the panel, and 
shifts the selected pair of electrodes one by one in the 
direction in which the electrodes are arranged. Therefore, 
the selection can be achieved in a manner simpler than that 
of the above-mentioned embodiment, thereby allowing the 
structure of the switching means to be simplified. 

Furthermore. according to an embodiment, the switching 
means has the first terminal connected in parallel with two 

58 

or more adjoining electrodes and the second terminal con­
nected in parallel with two or more electrodes adjacent to the 
electrodes connected to the first terminal. Therefore. by 
electrically connecting the first terminal and the second 

5 terminal to the differential amplifier. four or more electrodes 
which are receiving the AC electric field outputted from the 
electrodes of the coordinate pointing device can be con­
nected to the differential amplifier. Therefore, an improved 
detection sensitivity can be achieved in comparison with the 
case where only two electrodes of the panel are connected to 

10 the differential amplifier. 
Furthermore, according to an embodiment, the envelope 

of the output from the differential amplifier is extracted by 
the envelope extraction means. and a bottom portion of the 
double-humped output from the envelope extraction means 

15 is detected. Then, based on the time at which the bottom 
portion is detected and the timing at which the switching 
means selects the electrodes of the panel. the coordinates 
representing the position of the coordinate pointing device 
are specified. Thus. according to the present embodiment. a 

20 characteristic double-humped signal is outputted from the 
envelope extraction means, and by detecting the bottom 
portion of the double-humped envelope waveform. coordi­
nate detection can be achieved. Furthermore, in order to 
specify the coordinates. a signal obtained by removing 

25 unnecessary signal components therefrom and being sub­
jected to an envelope detection process is used, and therefore 
the detection of the bottom portion can be easily achieved. 

Furthermore. according to an embodiment, a synchronous 
detector is provided as the envelope extraction means. The 

30 synchronous detector can extract the envelope of the signal 
without distortion more correctly than the envelope detector, 
and therefore an improved coordinate detection accuracy 
can be achieved. 

Furthermore, according to an embodiment, the coordinate 
35 detection means includes a first envelope detector which has 

a relatively great time constant and operates to receive the 
output from the differential amplifier and detect the envelope 
of the output as well as a second envelope detector which 
has a relatively small time constant and operates to receive 

40 the output from the differential amplifier and detect the 
envelope of the output. By subjecting the double-humped 
output from the first envelope detector and the double­
humped output from the second envelope detector to a 
subtraction process, the bottom portion of the double-

45 humped output outputted from the second envelope detector 
is detected. 

The output of the first envelope detector having a great 
time constant becomes a double-humped signal where the 
bottom portion is shallowed. while the output of the second 

50 envelope detector having a small time constant becomes a 
double-humped signal where the bottom portion is not 
shallowed. Therefore, by subjecting the output of the first 
envelope detector and the output of the second envelope 
detector to a subtraction process. a signal having a peak at 

55 the bottom portion can be obtained. With the above­
mentioned signal. the bottom portion can be detected. 

Furthermore. according to an embodiment, the bottom 
detection means detects the bottom portion of the double­
humped output according to the output obtained by binariz-

60 ing the double-humped output from the envelope detector. 
By the above-mentioned binarizing operation. an output in 
which a difference between the bottom portion and the peak 
portion of the double-humped output is ascertained can be 
obtained. Therefore, the bottom portion can be easily 

65 detected by means of the output, and through detection of 
the bottom portion. a coordinate detection operation can be 
performed. 
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Furthermore. according to an embodiment, the coordinate 
detection means includes the delay circuit which receives 
the output from the differential amplifier and delays the 
output by a specified time. the subtracter which subjects the 
output of the differential amplifier and the delayed output to 5 
a subtraction process. and the bottom detection means which 
binarizes the signal outputted from the subtracter and detects 
the bottom portion of the double-humped output according 
to the binarized signal. According to the present 
embodiment, a preceding peak of the double-humped signal 10 
outputted from the differential amplifier and a subsequent 
peak of the delayed double-humped signal are added 
together. With the above-mentioned operation. a signal 
which has three peaks comprised of a highest peak and two 
low peaks located besides the highest peak obtained through 15 
the addition is outputted from the subtracter. Then, by 
binarizing the signal having the three peaks, a difference 
between the highest peak portion and the low peak portions 
is ascertained. The highest peak portion is delayed by the 
above-mentioned delay time from the bottom portion of the 20 
double-humped output which is not delayed. Therefore. the 
bottom portion can be easily detected according to the 
binarized signal of which highest peak portion is 
ascertained. and a coordinate detection operation can be 
performed through the detection of the bottom portion. 25 

Furthermore. according to an embodiment. the fiat display 
panel wherein the material having an electro-optical effect 
characteristic is sealedly filled in the space between the two 
substrates. and the plural number of x-axis electrodes and 
the plural number of y-axis electrodes which are intersecting 30 
each other are provided on the substrates can be time­
sharingly changed over so as to be used for either image 
display or coordinate detection by means of the image 
display-coordinate detection changeover circuit. When the 
flat display panel is used for image display. the x-axis 35 
electrodes and the y-axis electrodes are driven by the drive 
circuit to electrically drive the panel so as to display an 
image. When coordinate detection is performed, a voltage 
induced at the x-axis electrodes and the y-axis electrodes by 

60 

Furthermore. according to an embodiment. the flat display 
panel wherein the material having an electro-optical effect 
characteristic is sealedly filled in the space between the two 
substrates, and the plural number of x-axis electrodes and 
the plural number of y-axis electrodes which are intersecting 
each other are provided on the substrates can be time-
sharingly changed over so as to be used for either image 
display or coordinate detection by means of the image 
display-coordinate detection changeover circuit. When the 
flat display panel is used for image display. the x-axis 
electrodes and the y-axis electrodes are driven by the drive 
circuit to electrically drive the panel so as to display an 
image. When coordinate detection is performed. a voltage 
induced at the x-axis electrodes and the y-axis electrodes by 
an electric field generated from the coordinate pointing 
device which is provided separately with a function of 
generating an AC electric field is detected by the coordinate 
detection circuit which utilizes a change in phase of the 
signal, thereby allowing the coordinates of the coordinate 
pointing device to be detected. 

Furthermore, the above-mentioned embodiment performs 
coordinate detection paying attention to the change in phase 
of the signal. and therefore it has an inherent feature that it 
is less influenced by noises which enter into the detected 
signal and cause a change in amplitude of the signal. 

Furthermore. according to a coordinate detection device 
of an embodiment. a band-pass filter or a high-pass filter for 
selectively allowing only a signal at and around the fre­
quency of the AC electric field to pass is connected to an 
input terminal of the coordinate detection circuit. Therefore. 
the coordinate detection circuit can consistently detect a 
stabilized voltage from the x-axis electrodes and the y-axis 
electrodes without being influenced by noises. 

Furthermore. the above-mentioned embodiment has an 
advantage that hum noises and the like which may be 
induced from a hand of the operator who touches the panel 
screen can be effectively removed. thereby allowing an 
improved coordinate detection accuracy to be achieved. 
Conversely. the circuit structure and the like can be simpli­
fied so as to satisfy the required detection accuracy. 

Furthermore, according to a coordinate detection device 
of an embodiment, an electrode which is provided at the tip 
end of the coordinate pointing device provided with a 

an electric field generated from the coordinate pointing 40 
device which is provided separately with a function of 
generating an AC electric field is detected by the coordinate 
detection circuit which utilizes a change in voltage of the 
signal, thereby allowing the coordinates of the coordinate 
pointing device to be detected. 45 function of generating an AC electric field is a coaxial 

electrode comprised of a center electrode and a peripheral 
electrode. Therefore. not depending on which circumferen­
tial direction the coordinate pointing device is directed in 

In particular. according to the above-mentioned 
embodiment. one LCD panel can be used concurrently for 
image display and coordinate input through an electrostatic 
capacitive coupling. 

Furthermore. in the above-mentioned embodiment, a fiat 50 
display panel such as an LCD panel which has been con­
ventionally developed specially for image display can be 
used as it is without making alterations. The above­
mentioned arrangement has an economical advantage that a 
coordinate input function can be incorporated into a flat 55 
display panel without requiring any change of the manufac­
turing process accompanied by huge amount of investment. 

In particular. the above-mentioned embodiment has a 
feature that the structure thereof is very simple. 
Furthermore, a signal detection operation is performed by 60 
means of a differential amplifier. The above-mentioned 
arrangement has an advantage that external noises which 
have entered evenly into two inputs of the differential 
amplifier can be effectively removed. In addition. since 
substantially an addition process is performed in the differ- 65 

ential amplifier. there can be expected an improved signal­
to-noise ratio in the signal detection operation. 

use, a stabilized voltage can be consistently induced at the 
x-axis electrodes and the y-axis electrodes. 

Furthermore, in the above-mentioned embodiment. the 
coordinate pointing device has an electrode having a specific 
coaxial configuration. Therefore, not depending on the 
direction and angle of the pen-shaped coordinate pointing 
device in which the AC generator is incorporated, the 
coordinate pointing device is consistently coupled with the 
electrodes of the LCD panel consistently through a constant 
electrostatic capacity. and an electrical change to be applied 
can be made constant. Therefore. the AC generator can be 
stored in a pen-shaped casing. As a result. a coordinate 
pointing device which can be handled very easily in utterly 
the same manner as the generic writing pen. 

Furthermore, according to an embodiment. the x-axis 
drive circuit and the y-axis drive circuit for image display 
use. the coordinate detection circuit. and the image display­
coordinate detection changeover circuit are arranged along 
two or three sides of the peripheries of the display panel. 
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need to incorporate a built-in wireless transmitter. which is 
advantageous in terms of the operating life of the battery. 
Furthermore. the coordinate pointing device can be totally 
compacted. which produces an advantageous effect that a 

According to the above-mentioned embodiment. a coor­
dinate detection function can be incorporated into the image 
display device without increasing the size of the display 
device having an LCD panel provided specially for image 
display. and a display device having a coordinate detection 
function can be manufactured without making great alter­
ations in the existing manufacturing equipment for the 
display device. Therefore. according to the above-mentioned 
embodiment. there can be provided a coordinate detection 
device capable of preventing the increase of development 
cost and the reduction of yield. and dispensing with invest­
ment for equipment which may cause cost increase. thereby 
totally contributing to development of the industry. 

5 light-weight coordinate pointing device allowing easy use 
thereof can be constructed. Furthermore. since there is no 
need to compulsorily mount a wireless transmitter or the like 
in the compact coordinate pointing device. which is advan­
tageous in terms of cost. 

JO The invention being thus described. it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention. and all such modifications as would be 
obvious to one skilled in the art are intended to be included The present invention can provide a coordinate input 

function-integrated display device capable of solving the 
aforementioned problems of the prior arts. That is. in achiev­
ing a coordinate input function-integrated display device. 
the present invention can obviate the need of a connection 
cable which has been conventionally necessitated. 
Furthermore. since there is no need to form a closed loop on 
which an electric field is effected. there is no need to newly 
incorporate into an LCD panel any specific bi-directional 
switching element for short-circuiting adjoining electrodes 

15 within the scope of the following claims. 
What is claimed is: 
1.  A panel which is provided for coordinate detection and 

includes a first plurality of electrodes and a second plurality 
of electrodes extending in a direction crossing a direction in 

20 which the first plurality of electrodes extends; 

of the LCD panel at the tip end of the electrodes. Therefore. 
it is not required to provide a tab connection terminal at the 25 
four sides of the LCD panel. Therefore. the increase of 
development cost and the reduction of yield can be pre­
vented. Furthermore. unnecessary investment can be 
avoided. and a compact light-weight coordinate input 
function-integrated display device can be provided. That is. 30 
according to the present invention, the conventionally used 
panel provided specially for image display use can be 
applied as it is to the panel of an image display/coordinate 
input function integrated device without making alterations 
in the LCD panel. Therefore, the above-mentioned arrange-- 35 
ment can totally contribute to development of the industry. 

The coordinate input function of the present invention can 

40 

be operated in a panel of any type with same circuit 
according to same principle of operation not depending on 
the type of the panel. Therefore, whichever one of LCD 
panels such as the duty ratio drive LCD panel and the active 
matrix type LCD panel in which a TFT is incorporated is 
selected as a panel. the coordinate detection function of the 
present invention is not influenced by the type of the panel. 
The above is because the present invention allows a coor- 45 
dinate input function to be incorporated into an LCD panel 
which has been conventionally used specially for image 
display, and furthermore, as a result of time-sharingly 
changing over between the image display function and the 
coordinate input function, the image display function and 50 
the coordinate input function can be utterly made indepen­
dent both in terms of function and in terms of circuit 

The present invention can be applied to a type of a panel 

a coordinate pointing device which includes an alternating 
current oscillator and an electrode and outputs from a 
tip end portion of the electrode an alternating current 
electric field generated by the alternating current oscil­
lator; 

a differential amplifier; 
switching means for sequentially changing connection of 

the first and second plurality of electrodes of the panel 
so as to sequentially select the electrodes and electri­
cally connect each selected electrode to the differential 
amplifier; 

coordinate detection means for detecting a signal supplied 
from the coordinate pointing device to the first and 
second plurality of electrodes by shifting selected elec­
trodes in accordance with a signal from said differential 
amplifier and detecting coordinates based on a timing at 
which the first and second plurality of electrodes are 
selected and a timing of a portion of said signal output 
from the differential amplifier; 

the coordinate pointing device comprises: 
a battery storing section for storing therein a secondary 

battery which as a power source for the alternating 
current oscillator and a charging terminal to be elec­
trically connected to the secondary battery when the 
secondary battery is stored in the battery storing sec-
tion; and. 

a casing to which the panel is mounted is provided with 
a storing portion for storing the coordinate pointing 
device and the battery storing section, and a power 
supply terminal which can supply an electric power to 
the charging terminal while being electrically con­
nected to a charging terminal of the coordinate pointing 
device when the coordinate pointing device is stored in 
the storing portion. 

2. A panel which is provided for coordinate detection and 
includes a first plurality of electrodes and a second plurality 
of electrodes extending in a direction crossing a direction in 
which the first plurality of electrodes extends; 

in which a signal I/O connector is attached to at most three 
sides among the conventionally used panels provided spe- 55 

cially for image display. Therefore. so-called a peripheral 
edge portion can be dimensionally decreased to allow a 
compact application product to be developed. In contrast to 
the above. even when a new panel is manufactured by 
changing the manufacturing process. it has been conven­
tionally required to provide a signal I/O connector and so 
forth at all the four sides of the panel. 

60 a coordinate pointing device which includes an alternating 

Furthermore. according to the present invention. the AC 
oscillator can be driven by a battery. The above-mentioned 
arrangement has an advantage that no lead wire for con­
necting the coordinate pointing device to the coordinate 
detection circuit is necessitated. Furthermore. there is no 

current oscillator and an electrode and outputs from a 
tip end portion of the electrode an alternating current 
electric field generated by the alternating current oscil­
lator; 

65 a differential amplifier; 
switching means for sequentially changing connection of 

the first and second plurality of electrodes of the panel 
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so as to sequentiall y sel ect the e l ectrodes and el ectri­
cal ly connect each sel ected el ectrode to the differential 
amplifier; 

coordinate detection means for detecting a signal supplied 
from the coordinate pointing device to the first and 5 
second pl urality of el ectrodes by shifting sel ected e l ec­
trodes in accordance with a signa l from said differential 
amplifier and detecting coordinates based on a timing at 
which the first and second pl ural ity of e l ectrodes are 
sel ected and a timing of a portion of said signal output 10 

from the differential amplifier; and 

a resonance circuit which resonates with the a l ternating 
current e l ectric field generated by the alternating cur­
rent oscillator is connected across an output terminal of 
said panel and an inverted terminal of the differential 15 

amplifier. 
3. A panel which is provided for coordinate detection and 

includes a first pl ural ity of el ectrodes and a second p l ura l ity 
of e l ectrodes extending in a direction crossing a direction in 
which the first p l urality of e l ectrodes extends; 20 

a coordinate pointing device which includes a n  alternating 
current oscillator and an electrode a nd outputs from a 
tip end portion of the el ectrode an a l ternating current 
el ectric fiel d generated by the a l ternating current oscil- 25 
l ator; 

a differential amplifier; 
switching means for sequentially changing connection of 

the first and second pl urality of e l ectrodes of the panel 
so as to sequentiall y sel ect the el ectrodes and el ectri- 30 

cally connect each sel ected electrode to the differential 
amplifier; 

coordinate detection means for detecting a signal supplied 
from the coordinate pointing device to the first and 
second p l urality of e l ectrodes by shifting sel ected e l ec- 35 

trodes in accordance with a signal from said differential 
amplifier a nd detecting coordinates based on a timing at 
which the first and second pl ural ity of e l ectrodes are 
sel ected and a timing of a portion of said signal output 
from the differential ampl ifier; wherein the switching 40 
means sel ects at l east one pair of adjoining e l ectrodes 

64 
tip end portion of the el ectrode an a l ternating current 
e l ectric fiel d generated by the alternating current oscil ­
l ator; 

a differential amplifier; 
switching means for sequentiall y changing connection of 

the first and second pl urality of el ectrodes of the panel 
so as to sequentia l l y  sel ect the el ectrodes and el ectri­
cally connect each sel ected el ectrode to the differential 
amplifier; 

coordinate detection means for detecting a signal suppl ied 
from the coordinate pointing device to the first and 
second pl urality of e l ectrodes by shifting sel ected e l ec­
trodes in accordance with a signal from said differential 
amplifier and detecting coordinates based on a timing at 
which the first and second pl urality of e l ectrodes are 
selected and a timing of a portion of said signal output 
from the differential amplifier; wherein the switching 
means selects at l east one pair of adjoining e l ectrodes 
of said panel so as to connect the e l ectrodes to a 
differential ampl ifier and shifts the se l ected e l ectrodes 
one by one in a direction in which the e l ectrodes are 
arranged; 

the coordinate detection means comprises: 
envel ope extraction means for receiving an output from 

the differential amplifier and extracting a n  envel ope of 
the output; 

bottom detection means for receiving a doubl e-humped 
output from the envel ope extraction means and detect­
ing a bottom portion of the output; 

time counting means for specifying a bottom portion 
detection time at which the bottom detection means 
detects the bottom portion; and 

position coordinate specifying means for specifying coor­
dinates representing a position of the coordinate rep­
resenting a position of the coordinate pointing device 
on the panel based on the bottom portion detection time 
specified by the time counting means and a timing at 
which the e l ectrodes are sel ected; a nd 

a synchronous detector is provided as the envel ope extrac­
tion means. 

of said panel so as to connect the e l ectrodes to a 
differential amplifier and shifts the sel ected e l ectrodes 
one by one in a direction in which the e l ectrodes are 
arranged; 

5. A panel which is provided for coordinate detection and 
includes a first p l urality of el ectrodes and a second pl urality 
of e l ectrodes extending in a direction crossing a direction in 

45 which the first pl urality of e l ectrodes extends; 
the coordinate detection means comprises: 
enve l ope extraction means for receiving an output from 

the differential ampl ifier and extracting a n  envelope of 
the output; 

50 
bottom detection means for receiving a doubl e-humped 

output from the envel ope extraction means and detect­
ing a bottom portion of the output; 

time counting means for specifying a bottom portion 
detection time at which the bottom detection means 55 
detects the bottom portion; and 

position coordinate specifying means for specifying coor­
dinates representing a position of the coordinate point­
ing device on the panel based on the bottom portion 
detection time specified by the time counting means 60 
and a timing at which the el ectrodes are selected. 

4. A panel which is provided for coordinate detection and 
includes a first p l ural ity of e l ectrodes and a second p l urality 
of electrodes extending in a direction crossing a direction in 
which the first p l ural ity of e l ectrodes extends; 

a coordinate pointing device which incl udes an a l ternating 
current oscillator and an el ectrode and outputs from a 

65 

a coordinate pointing device which includes an alternating 
current oscillator and an  e l ectrode a nd outputs from a 
tip end portion of the e l ectrode an al ternating current 
e l ectric fiel d generated by the a l ternating current oscil ­
l ator; 

a differential amplifier; 
switching means for sequentially changing connection of 

the first and second pl urality of e l ectrodes of the panel 
so as to sequential ly sel ect the e l ectrodes and el ectri­
cally connect each sel ected el ectrode to the differential 
amplifier; 

coordinate detection means for detecting a signal supplied 
from the coordinate pointing device to the first and 
second pl urality of e l ectrodes by shifting sel ected e l ec­
trodes in accordance with a signa l from said differential 
amplifier and detecting coordinates based on a timing at 
which the first and second pl urality of e l ectrodes are 
selected and a timing of a portion of said signal output 
from the differential amplifier; wherein the switching 
means sel ects at l east one pair of adjoining e l ectrodes 
so as to connect the el ectrodes to a differential ampl ifier 
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and shifts the selected electrodes one by one in a 
direction in which the electrodes are arranged; 

the coordinate election means comprises: 

66 
ing device on the panel based on the bottom portion 
detection time specified by the time counting means 
and a timing at which the electrodes are selected. 

a first envelope detector which has a relatively great time 
constant and operates to receive an output from the 
differential amplifier and detect an envelope of the 
output; 

7. A panel which is provided for coordinate detection and 
5 includes a first plurality of electrodes and a second plurality 

of electrodes extending in a direction crossing a direction in 
which the first plurality of electrodes extends; 

a second envelope detector which has a relatively small 
time constant and operates to receive an output from 
the differential amplifier and detect an envelope of the 10 

output; 
bottom detection means for subjecting a double-humped 

output from the first envelope detector and a double­
humped output from the second envelope detector to a 1 5  
subtraction process so as  to  detect a bottom portion of 
the double-humped output outputted from the second 
envelope detector; 

a coordinate pointing device which includes an alternating 
current oscillator and an electrode and outputs from a 
tip end portion of the electrode an alternating current 
electric field generated by the alternating current oscil-
lator; 

a differential amplifier; 
switching means for sequentially changing connection of 

the first and second plurality of electrodes of the panel 
so as to sequentially select the electrodes and electri­
cally connect each selected electrode to the differential 
amplifier; time counting means for specifying a bottom portion 

detection time at which the bottom detection means 
detects the bottom portion; and 

20 coordinate detection means for detecting a signal supplied 
from the coordinate pointing device to the first and 
second plurality of electrodes by shifting selected elec­
trodes in accordance with a signal from said differential 

position coordinate specifying means for specifying coor­
dinates representing a position of the coordinate point­
ing device on the panel based on the bottom portion 
detection time specified by the time counting means 25 
and a timing at which the electrodes are selected 

6. A panel which is provided for coordinate detection and 
includes a first plurality of electrodes and a second plurality 
of electrodes extending in a direction crossing a direction in 
which the first plurality of electrodes extends; 

a coordinate pointing device which includes an alternating 
current oscillator and an electrode and outputs from a 

30 

amplifier and detecting coordinates based on a timing at 
which the first and second plurality of electrodes are 
selected and a timing of a portion of said signal output 
from the differential amplifier; wherein the switching 
means selects at least one pair of adjoining electrodes 
so as to connect the electrodes to a differential amplifier 
and shifts the selected electrodes one by one in a 
direction in which the electrodes are arranged; 

the coordinate detection means comprises: 
a delay circuit which receives an output of the differential 

amplifier and delays the output by a specified time; 
tip end portion of the electrode an alternating current 
electric field generated by the alternating current oscil­
lator; 35 a subtracter which subjects the output of the differential 

a differential amplifier; 
switching means for sequentially changing connection of 

the first and second plurality of electrodes of the panel 
so as to sequentially select the electrodes and electri­
cally connect each selected electrode to the differential 40 

amplifier; 

45 

amplifier and an obtained delayed output to a subtrac­
tion process; 

bottom detection means for binarizing a signal outputted 
from the subtracter and detecting a bottom portion of 
the double-humped output according to an obtained 
binarized signal; 

time counting means for specifying a bottom portion 
detection time at which the bottom detection means 
detects the bottom portion; and 

position coordinate specifying means for specifying coor-
dinates representing a position of the coordinate point­
ing device on the panel based on the bottom portion 
detection time specified by the time counting means 

coordinate detection means for detecting a signal supplied 
from the coordinate pointing device to the first and 
second plurality of electrodes by shifting selected elec­
trodes in accordance with a signal from said differential 
amplifier and detecting coordinates based on a timing at 
which the first and second plurality of electrodes are 
selected and a timing of a portion of said signal output 
from the differential amplifier; wherein the switching 
means selects at least one pair of adjoining electrodes 
so as to connect the electrodes to a differential amplifier 
and shifts the selected electrodes one by one in a 
direction in which the electrodes are arranged; 

50 
and a timing at which the electrodes are selected 

8. A coordinate detection device comprising: 

the coordinate detection means comprises: 55 
an envelope detector which receives an output from the 

differential amplifier and detects an envelope of the 
output; 

bottom detection means for receiving a double-humped 
output from the envelope detector to binarize the output 60 
and detecting a bottom portion of the double-humped 
output according to the binarized output;  

time counting means for specifying a bottom portion 
detection time at which the bottom detection means 
detects the bottom portion; and 

position coordinate specifying means for specifying coor­
dinates representing a position of the coordinate point-

65 

a fiat display panel in which a material having an electro-
optical effect characteristic is sealedly filled in a space 
between two substrates, and a plurality of x-axis elec­
trodes and a plurality of y-axis electrodes which are 
intersecting each other are provided on the substrates; 

x-axis drive circuit and y-axis drive circuit which are 
provided for image display use and electrically drive 
the x-axis electrodes and the y-axis electrodes of the 
fiat display panel respectively; 

a coordinate pointing device including alternating current 
electric field generating means having therein an alter­
nating current power source and an electrode connected 
to an output terminal of the alternating current electric 
field generating means; 

a coordinate detection circuit including a differential 
amplifier. a connection switching circuit which selects 
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two adjoining x-axis electrodes or a pair of x-axis 
electrodes constituted by two adjoining electrode 
groups of the x-axis electrodes as well as two adjoining 
y-axis electrodes or a pair of y-axis electrodes consti­
tuted by two adjoining electrode groups of the y-axis 5 

electrodes. connects the selected electrodes to the dif­
ferential amplifier. and shifts the selected electrodes 
one by one in a direction in which the selected elec­
trodes are arranged. bottom detection means for obtain­
ing a signal which is supplied from the coordinate 10 
pointing device to the electrodes by shifting the 
selected electrodes as a double-humped signal from the 
differential amplifier and detecting a bottom portion of 
the double-humped signal. and position coordinate 
specifying means for specifying coordinates based on a 15 
time at which the bottom detection means detects the 
bottom portion and a timing at which the electrodes are 
selected; and 

an image display-coordinate detection changeover circuit 
which time-sharingly complementarily operates the 20 
x-axis drive circuit. the y-axis drive circuit, and the 
coordinate detection circuit 

!J. A coordinate detection device as claimed in claim 8. 
wherein 

a band-pass filter or a high-pass filter for allowing selec- 25 

tively a signal having a frequency at and around a 
frequency of the alternating current electric field gen­
erated by the coordinate pointing device to pass is 
connected to an input terminal of the coordinate detec-
tion circuit. 30 

10. A coordinate detection device as claimed in claim 8, 
wherein 

the electrode of the coordinate pointing device is com­
prised of: 

a center electrode and a peripheral electrode which are 
arranged coaxially. 

11. A coordinate detection device as claimed in claim 8, 
wherein 

35 

the x-axis drive circuit and the y-axis drive circuit for 40 
image display use, the coordinate detection circuit, and 
the image display-coordinate detection changeover cir­
cuit are arranged along peripheries of two or three sides 
of the display panel. 

12. A coordinate detection device comprising: 45 
a flat display panel in which a material having an electro­

optical effect characteristic is sealedly filled in a space 
between two substrates, and a plurality of x-axis elec­
trodes and a plurality of y-axis electrodes which are 
intersecting each other are provided on the substrates; 50 

x-axis drive circuit and y-axis drive circuit which are 
provided for image display use and electrically drive 
the x-axis electrodes and the y-axis electrodes of the 
flat display panel respectively; 

68 
a coordinate pointing device including alternating current 

electric field generating means having therein an alter­
nating current power source and an electrode connected 
to an output terminal of the alternating current electric 
field generating means; 

a coordinate detection circuit including a differential 
amplifier. a connection switching circuit which selects 
two adjoining x-axis electrodes or a pair of x-axis 
electrodes constituted by two adjoining electrode 
groups of the x-axis electrodes as well as two adjoining 
y-axis electrodes or a pair of y-axis electrodes consti­
tuted by two adjoining electrode groups of the y-axis 
electrodes, connects the selected electrodes to the dif­
ferential amplifier. and shifts the selected electrodes 
one by one in a direction in which the selected elec­
trodes are arranged, bottom detection means for obtain­
ing a s ignal which is supplied from the coordinate 
pointing device to the electrodes by shifting the 
selected electrodes as a double-humped signal from the 
differential amplifier and detecting a bottom portion of 
the double-humped signal by detecting a phase inver­
sion point of the double-humped signal through calcu­
lation of an input signal and an output signal of a delay 
circuit, and position coordinate specifying means for 
specifying coordinates based on a time at which the 
bottom detection means detects the bottom portion and 
a timing at which the electrodes are selected; and 

an image display-coordinate detection changeover circuit 
which time-sharingly complementarily operates the 
x-axis drive circuit. the y-axis drive circuit, and the 
coordinate detection circuit. 

13. A coordinate detection device as claimed in claim 12. 
wherein 

a band-pass filter or a high-pass filter for allowing selec­
tively a signal having a frequency at and around a 
frequency of the alternating current electric field gen­
erated by the coordinate pointing device to pass is 
connected to an input terminal of the coordinate detec­
tion circuit. 

14. A coordinate detection device as claimed in claim 12, 
wherein 

the electrode of the coordinate pointing device is com­
prised of: 

a center electrode and a peripheral electrode which are 
arranged coaxially. 

15. A coordinate detection device as claimed in claim 12, 
wherein 

the x-axis drive circuit and the y-axis drive circuit for 
image display use. the coordinate detection circuit. and 
the image display-coordinate detection changeover cir­
cuit are arranged along peripheries of two or three sides 
of the display panel. 

* * * * * 




