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(54) [Title of Invention] Coordinate Input Device and Coordinate Input System

(57) [Abstract] (There is revision)

[Problem to be Solved] To provide a coordinate input
device that enables both finger and pen inputs with high
accuracy and high functionality, while also improving the
optical characteristics that affect display quality.

[Means for Solving the Problem] In a coordinate input
device that detects and inputs the coordinate position
where an object contacts or is close to a panel, a loop coil
unit 101 is arranged on the outer periphery of the panel
100. The sensor matrix units 102, 103 is placed on the
panel to detect the coordinate position at which the object
contacts or is near. The voltage applied to each electrode
in the sensor matrix unit is varied sequentially. Based on
the changes in capacitance detected by the sensor matrix
unit and/or the changes in electric current in the loop coil
unit, a computation processing unit 120 is provided to
detect the coordinate position where the object contacts or
is near the panel.

[Selected representative diagram] Fig. 1
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[Scope of Patent Claims]

[Claim 1]

A coordinate input device that detects and inputs the coordinate position where an object contacts or is close to a panel,
which is equipped with:

a loop coil unit arranged on the outer periphery of the aforementioned panel, which supplies power to the aforementioned
object that is near the panel through electromagnetic induction or electromagnetic coupling;

a sensor matrix unit for detecting the coordinate position where the aforementioned object contacts or is close to the panel;
a voltage application unit that successively applies voltage to each electrode in the aforementioned sensor matrix unit; and
a computation processing unit that detects the coordinate position where the object contacts or is near the panel based on
changes in capacitance detected by each electrode in the aforementioned sensor matrix unit and/or changes in electric current
in the aforementioned loop coil unit.

[Claim 2]

A coordinate input device described in Claim 1, wherein

the aforementioned sensor matrix unit is composed of multiple electrodes arranged in parallel at predetermined intervals in
mutually orthogonal directions.

[Claim 3]

A coordinate input device described in Claim 2, wherein

each of the aforementioned electrodes is formed of transparent electrodes on the aforementioned panel.

[Claim 4]

A coordinate input device described in Claim 1, wherein

the aforementioned computation processing unit performing detection processing for objects that contact or are near the
aforementioned sensor matrix unit, comprising a process to detect a first object that operates on power supplied from the
aforementioned loop coil unit and a process to detect a second object that contacts the aforementioned sensor matrix unit.
[Claim 5]

A coordinate input device described in Claim 1, wherein

the processes for detecting the first object and the second object in the aforementioned computation processing unit is carried
out selectively, so that when the first object is detected, the processing for detecting the second object is not performed.
[Claim 6]

A coordinate input device described in Claim 1, wherein

the power transmitted by the aforementioned loop coil unit is superimposed with a predetermined signal before being
transmitted to the aforementioned object.

[Claim 7]

A coordinate input system that detects and inputs the coordinate position where a position indicating member contacts or is
close to a panel, wherein

the aforementioned position indicating member comprises

a power receiving unit that receives power via electromagnetic induction or electromagnetic coupling;

a transmitting unit that operates on the power received by the aforementioned power receiving unit and transmits signals; and
a conductive unit that receives the signals transmitted by the aforementioned signal transmitting unit;

and on the panel side, it is equipped with:

a loop coil unit arranged on the outer periphery of the aforementioned panel that supplies power to the aforementioned
position indicating member through electromagnetic induction or electromagnetic coupling;

a sensor matrix unit for detecting the coordinate position where the conductive unit of the aforementioned position indicating
member contacts or is near the panel,
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a voltage application unit that sequentially applies voltage to each electrode within the aforementioned sensor matrix unit;
and

a computation processing unit that detects the coordinate position where the object contacts or is near the panel based on
changes in capacitance detected by the aforementioned sensor matrix unit and/or changes in electric current in the
aforementioned loop coil unit.

[Detailed Explanation of the Invention]

[Technical Field]

[0001]

This invention relates to a coordinate input device and coordinate input system that are suitably applicable to touch panels
and the like.

[Background Technology]

[0002]

For coordinate input using touch panels, it is common to use fingers or pens as input methods. The most widely used method
for touch panels that support both finger and pen inputs is the resistive membrane type touch panel. Fig. 12 shows a typical
structural example of the resistive membrane type. It consists of a flexible upper substrate 1 (generally a transparent film)
coated with a transparent conductive film 4 (commonly conductive polymer, ITO film, etc., hereinafter referred to as ITO)
and a rigid lower substrate 2 (such as glass or plastic), bonded together with insulating spacers 3 and dot spacers 5.
Electrodes for voltage application and measurement are connected to opposing sides of a pair of upper and lower ITO 4, with
the electrode pairs arranged in an alternating manner.

[0003]

When pressed by a finger or similar object from the surface side of the upper part shown in Fig. 12, the upper and lower ITO
4 come into contact, allowing for the detection of the touched coordinate position. This resistive membrane type touch panel
has a simple structure and is widely used; however, it has the following problems.

[0004]

The first problem is low durability. This is due to the mechanism of specifying coordinates through the mechanical
movement of the upper substrate caused by pressing the input means and the physical contact between the upper and lower
ITO layers. The mechanical movement of ITO accumulates as mechanical stress, leading to fine cracks in the ITO. In
addition, the physical contact can lead to wear failures in the ITO. Cracks and wear in the ITO directly result in decreased
linearity and coordinate accuracy.

[0005]

The second problem is that the optical characteristics are poor. Between the upper and lower substrates, there exists an air
layer along with dot spacers 5. This forms an interface between the air layer and the ITO, causing reflection due to
differences in the refractive indices of light, which leads to a decrease in light transmittance. This interface with the air layer
exists at upper and lower two locations, further reducing transmittance. In addition, when the gap between the upper and
lower substrates becomes narrow, interference fringes known as Newton's rings occur, degrading display quality. A common
countermeasure involves a surface treatment of the ITO called anti-Newton ring processing, which intentionally creates a
rough surface to diffuse the interference and make the Newton's rings less noticeable. However, this treatment has the side
effect of blurring images, which results in a decline in display quality. In addition, dot spacers contribute to glare in the
displayed image, which also decreases display quality.

[0006]

On the other hand, a coordinate input device based on electromagnetic induction has been put into practical use, different
from the method shown in Fig. 12. Fig. 13 illustrates the principle configuration. In this configuration, a dedicated electronic
pen is used to detect the coordinate position when it touches the surface of panel 10. The panel 10 has multiple antenna coils
11,12, 13, ..., 19 arranged in the X-axis direction. In addition, multiple antenna coils arranged in the Y-axis direction,
orthogonal to the X-axis direction, are also present but not shown in the diagram. The transmission circuit on the sensor side
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connected to the panel 10 consists of a drive circuit for generating an alternating magnetic field and an oscillation circuit. The
electronic pen contains an LC resonant circuit 30 made up of coil 31 and capacitor 32. The resonant frequency is set to be the
same as the frequency of the alternating magnetic field.

[0007]

To explain the coordinate detection principle shown in Fig. 13, first, the switching switch 23 connects the transmission circuit
21 and the antenna coils 11 to 19 in sequence. In this state, an alternating electric current is passed through each of the
antenna coils 11 to 19 for a certain period. When the electronic pen approaches the surface of panel 10, the antenna coil and
the coil 31 inside the electronic pen magnetically couple, generating an induced voltage in coil 31 of the electronic pen. At
this time, energy from the induced voltage is stored in the resonant circuit inside the electronic pen. Next, the transmission
circuit 21 is stopped, and the transmit/receive switching switch 22 is switched to the receiving circuit 24 side. Since the
resonance in the electronic pen is maintained for a while even after stopping transmission, an induced voltage occurs in the
antenna coil due to the alternating magnetic field generated in coil 31 of the electronic pen. This induced voltage is detected
by receiving circuit 24. By scanning this series of transmission/reception while switching the antenna coils, we can obtain a
voltage distribution as shown in Fig. 14, with the positions of the antenna coils on the horizontal axis. The position with the
highest voltage in this voltage distribution indicates the X-axis direction where the electronic pen has made contact.

[0008]

A similar process is performed for the Y-axis direction, which is orthogonal to the X direction, using multiple antenna coils
arranged in that Y-axis direction (not shown). By combining the obtained X-axis position and Y-axis position, the electronic
pen contact position can be determined in two dimensions. The electronic pen can be composed solely of an LC resonant
circuit, requiring no power source (battery), thus enabling coordinate input.

[0009]

Patent Document 1 discloses examples of touch sensors using transparent conductive films.

[Patent Document 1] Patent Publication No. 2005-537570

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0010]

In a display device with coordinate input functionality employing electromagnetic induction, it is common to install a sensor
plate behind the LCD or other display panels. This is advantageous for minimizing degradation of display quality since there
are no sensors on the front screen. However, fundamentally, a magnetic coupling between the antenna coil and the electronic
pen is required, necessitating structural considerations to allow magnetic flux to pass through the display panel (such as
making holes in the metal casing on the back of the panel or avoiding the use of metal altogether). In addition, since a
housing design is needed for fixing the sensor to the rear, the display panel itself must have a specialized design, making it
costly and not interchangeable with other models, presenting various problems.

[0011]

In addition, since the sensor part is located deeper into the display panel than its thickness from the surface, the distance
between the indication point (pen tip) and the sensor part increases. This causes discrepancies between the actual indicated
position and the detected coordinates due to differences in the tilt of the pen and the viewpoint of the operator during input
operation, thereby increasing the so-called parallax effect.

[0012]

If one attempts to place the sensor part on the front surface of the display device to reduce parallax and avoid specialized
designs, it is essential to realize a transparent and highly conductive antenna coil while minimizing the distance between the
pen tip and the sensor surface as much as possible. Currently, ITO is commonly used as a material that is both transparent
and conductive; however, despite its conductivity, its resistance is approximately two orders of magnitude higher compared
to good conductors like copper, making it difficult to render the antenna coils in systems like that shown in Fig. 13 as
transparent electrodes.

[0013]

By increasing the film thickness of ITO, it is possible to reduce the resistance; however, this comes with a trade-off regarding
optical properties. In addition, in the system shown in Fig. 13, input operations can only be performed using a dedicated
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electronic pen and do not respond to fingers (human body). While this has the advantage of eliminating issues related to
erroneous operations due to touches on the panel, it necessitates the provision of a separate sensor system for finger inputs in
applications that require them, making it disadvantageous both cost-wise and structurally.

[0014]

As another technology, there is a transparent digitizer described in Patent Document 1. This transparent digitizer overcomes
the weakness of electromagnetic induction methods, which are difficult to make transparent, while enabling both pen input
and finger input through the use of relatively high-resistance transparent electrodes. However, since matrix-type resistive film
methods are employed during finger input, sufficient resolution cannot be achieved, limiting usage to fixed touch positions
like switches. In addition, because it has a similar panel structure to the resistive film method, it inherits the challenges of that
method as well. Regarding optical properties, additional insulation is necessary at the intersection points of patterns for pen
input, further deteriorating the situation. It is hard to claim that it satisfactorily meets the requirements for both pen and finger
input means.

[0015]

This invention has been made in light of such points and aims to provide a superior touch panel.

[Means for Solving the Problems]

[0016]

This invention provides a coordinate input device that detects contact or proximity of an object to a panel by placing a loop
coil unit around the outer periphery of the panel. A sensor matrix unit is arranged on the panel to detect the coordinate
position where the object comes into contact or close proximity. The voltage applied to each electrode within the sensor
matrix unit is switched sequentially. Based on the change in capacitance detected by the sensor matrix unit and/or the change
in electric current in the loop coil unit, a computation processing unit is included to detect the coordinate position where the
object is in contact or near the panel.

[0017]

With this configuration, power is supplied to the position indicating member side using the loop coil on the panel's outer
periphery. Since the loop coil is located on the outer periphery of the panel, only the sensor matrix unit for capacitance
detection needs to be placed inside the panel. For example, even if the sensor matrix unit is made into a transparent electrode
to construct a coordinate position input mechanism on the surface of the display panel, it can be done without degrading the
display quality of the panel surface. Furthermore, the detection of the coordinate position itself is based on changes in
capacitance within the sensor matrix unit or changes in electric current in the loop coil unit, allowing for the detection of both
the contact with a dedicated position indicating member powered by the loop coil and the contact with fingers and other
objects.

[Effects of the Invention]

[0018] According to this invention, it becomes possible to detect touch from both fingers and position indicating members
like pens within a single system. In this case, since the loop coil is located at the peripheral part of the panel, when the panel
functions as a display panel, it can improve display quality, resulting in a touch panel that offers good visibility.

[Best Mode for Implementing the Invention]

[0019]

Next, an embodiment of this invention will be explained with reference to Fig. 1 to Fig. 11.

[0020]

This invention provides a coordinate input device that enables high accuracy and high functionality for both finger and pen
inputs, while also aiming to maintain good optical properties that influence display quality. First, an overview of the
coordinate input device according to one embodiment of this invention will be explained with reference to Fig. 1. As shown
in Fig. 1, the panel 100 that performs input detection is configured with a loop coil 101 placed around its outer periphery. In
the central portion of panel 100, multiple strip-like electrodes in the X-axis direction 102 are arranged in parallel, and
additionally, multiple strip-like electrodes in the Y-axis direction 103, which are orthogonal to the electrodes in the X-axis
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direction, are arranged in parallel. By superimposing these two electrode sets 102 and 103, a matrix pattern structure is
formed. Each electrode 102 in the X-axis direction and the electrode 103 in the Y-axis direction are transparent electrodes
made of materials such as ITO film, and the overlapping sections of both electrodes 102 and 103 are insulated. The central
portion of panel 100, where the electrodes in the X-axis direction 102 and the Y-axis direction 103 are arranged orthogonally,
serves as the input detection part that detects the coordinate position touched on the panel.

[0021]

The loop coil 101 is designed to function as a loop antenna by making a predetermined number of turns. The loop coil 101
supplies power to an electronic pen acting as an operation indicating member in proximity to panel 100 through
electromagnetic induction or electromagnetic coupling, and it also functions as an antenna to receive data from the electronic
pen discussed later.

[0022]

In this example, when explaining the principle of detecting the position touched on panel 100 using the orthogonally arranged
electrodes 102 and 103, different principles are employed depending on whether the contact is made with the body (such as a
finger) or the electronic pen.

[0023]

For detecting with a finger as the input means, alternating voltage is sequentially applied to each pattern of electrodes 102
and 103, and the change in capacitance due to the finger's contact is detected. The contact position of the finger is identified
through interpolation processing based on the obtained change distribution, and the finger coordinate data is output from
controller unit 120 to host 190.

[0024]

When using the electronic pen as the input means, the electronic pen is equipped with an LC resonant circuit, an electric field
sensor, an amplifier, a modulation circuit, a pressure detection mechanism to detect pressure according to usage, and
mechanical switches assigned for functions like clicks. The detailed structure will be described later. An alternating electric
current is passed through the loop coil 101, which is positioned as a loop antenna around the outer periphery of electrodes
102 and 103 forming the matrix pattern. By placing the electronic pen within the alternating magnetic field generated by loop
coil 101, power is supplied to the electronic pen via electromagnetic induction, driving the internal circuit of the pen.
Alternating or pulse voltage is then sequentially applied to the matrix pattern. The electric field sensor at the pen tip detects
the strength of the electric field generated around the matrix pattern, and after converting this detected signal to digital form,
the intensity data is sent to the modulation circuit. The modulation circuit amplitude-modulates (load modulation) the LC
resonance voltage to generate a counter magnetic field. This generated counter magnetic field alters the electric current
flowing in loop coil 101 on the panel side. By demodulating this change in electric current, the intensity data sent from the
pen is obtained. Based on the received electric field strength distribution, interpolation processing for the pen coordinates is
performed, and the pen coordinate data is output from controller 120 to host 190.

[0025]

The detection processes for the contact position of the finger and the electronic pen can be performed simultaneously;
however, in this example, detection of the finger's contact position is not carried out when the proximity of the electronic pen
is detected. The switching process for this detection will be explained later with reference to the flowchart in Fig. 11.

[0026]

Next, the panel structure of this example will be explained with reference to Fig. 2. To accommodate a display panel such as
a liquid crystal display at the bottom, a matrix of transparent conductive film patterns is arranged in the screen display area
where transparency is required. Specifically, in the example shown in Fig. 2, a vertical (Y-axis direction) transparent
conductive film pattern 103 is formed on the upper transparent film 111, while a vertical (X-axis direction) transparent
conductive film pattern 102 is formed on the lower transparent film 112. Both transparent films 111 and 112 are adhered
together using a transparent adhesive material 113. A loop coil 101 is formed around the peripheral area of the lower
transparent film 112 with a predetermined number of turns. Each of the conductive film patterns 102 and 103, as well as the
loop coil 101, is connected to the controller unit 120 (Fig. 1) via a flexible substrate 114. In Fig. 2, the wiring to the flexible
substrate is omitted. Moreover, the number of matrix patterns is determined by the panel size, aspect ratio, and desired
resolution, and is not fixed.

[0027]
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The placement of the loop coil 101 is positioned as a frame section outside the display area of panel 100. The antenna formed
by this loop coil 101 enhances conductivity by applying a conductive paste containing materials like Ag or Cu on top of the
transparent conductive film. In addition, highly conductive metal wires can also be placed. It is also possible to form antennas
using printed substrates or flexible substrates by cutting out the display area. Since there is no requirement for transparency in
the frame section, the construction is not limited as long as a highly conductive pattern or wire loop antenna can be formed in
the frame section, whether transparent or opaque.

[0028]

For the transparent conductive films constituting each conductive film pattern 102 and 103, electrically conductive materials
among metals, alloys, metal nitrides, metal oxynitrides, and metal oxides can be applied. Suitable metal and alloy films
include metals such as Al, Ag, Cu, Au, Ti, Pt, Fe, Cr, Pd, and alloys such as Fe-Ni, Ni-Cr, Fe-Cr, and Fe-Cu. When using
metal films as transparent conductive films, the thickness must be kept below 10 nm, preferably below 5 nm, to maintain
light transmittance. Transparent conductive metal nitrides, metal oxynitrides, and metal oxides such as SnO2, ZnO, In203,
ITO (Indium Tin Oxide, In203/Sn02), AZO (Al: ZnO), TiN, ZrN, HfN, and TiNxOy can be suitably applied.

[0029]

To form these metals, alloys, metal nitrides, metal oxides, and metal oxynitrides, solution methods like the sol-gel method,
PVD (Physical Vapor Deposition) methods like evaporation and sputtering, or CVD (Chemical Vapor Deposition) methods
can be utilized. To form the transparent conductive film in strip shapes, methods that cover the area to be formed with a mask
having windows beforehand, wet etching using mixed acids after depositing the film over the entire surface, or laser etching
methods using laser light to remove unnecessary parts can be employed.

[0030]

In this example, a transparent film is indicated as the substrate, but sheet-like substrates such as polycarbonate or acrylic can
also be applied. In addition, while a structure comprising two film substrates is illustrated, it is also possible to have a single
substrate forming matrix patterns on both sides. Although it may contribute to the degradation of optical properties, a three-
layer structure can be implemented with vertical patterns, horizontal patterns, and loop antennas arranged in each layer for
easier electrode extraction and to eliminate wiring intersections. If necessary, a shielding layer can also be positioned to
eliminate the effects of liquid crystal display panels or external noise.

[0031]

Next, the configuration of the controller unit 120 connected to panel 100 will be explained with reference to Fig. 3. The
controller unit 120 detects when an input means approaches the vicinity of the panel and computes the indicated coordinates,
then sends the coordinate information to the host 190 via an interface. In this example, the coordinate detection processing
for touch input conducted by the controller unit 120 uses a method commonly referred to as capacitive or electrostatic
coupling.

[0032]

Specifically, in an oscillation circuit 121 connected to a quartz crystal oscillator 122, a reference clock is generated, which is
supplied to a frequency divider 123. The signal divided by the frequency divider 123 drives a sensor driver 124, and a switch
circuit 125 sequentially switches the application of voltage to the conductive film patterns 102 and 103 under the control of a
counter 126. The capacitance of each conductive film 102 and 103 is detected by a capacitance sensing unit 127. The
detected capacitance values are synchronized with the clock in the finger coordinate calculation unit 128 to identify which
electrode (conductive film) the capacitance value corresponds to, determining the position with a high capacitance value in
the X-axis direction and the position with a high capacitance value in the Y-axis direction. The intersection of these positions
is determined to be the location touched by the finger. The coordinate data of the finger identified by the finger coordinate
calculation unit 128 is sent to the host 190 via interface 129.
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[0033]

In addition, the finger coordinate calculation unit 128 is structured to receive an enable signal from the transmission and
reception processing unit 130, which will be described later. This enable signal is output when the transmission and reception
processing unit 130 detects the proximity of the electronic pen to the panel, and this enables the cancellation of the finger
position detection process in the finger coordinate calculation unit 128.

[0034] Various configurations have been proposed for the electrodes (conductive films) used for capacitance detection with
the capacitive method. These include configurations with ground potential (GND) patterns interposed, and patterns that are
not rectangular but designed in various shapes, based on the basic pattern configuration shown in Fig. 2. In this example, as
long as the transparent conductive film patterns are arranged roughly in a matrix, the configuration is not limited to that of
Fig. 2, and various arrangements can be applied. In the capacitive method, as the input means (such as a finger) approaches
the sensor surface (in this case, the transparent conductive film pattern), the capacitive component increases, and coordinates
are calculated based on this change.

[0035]

Here, a specific characteristic example for detecting finger contact will be described with reference to the waveform diagram
in Fig. 9. The example in Fig. 9 shows the case where a sawtooth voltage is applied to a single conductive film pattern. The
sawtooth wave supply circuit (sensor driver 124 in Fig. 3) is composed of a constant electric current source for charging and
a switch circuit for discharging. In this example, the clock from the frequency divider 123 is not utilized; instead, the
sawtooth wave frequency is determined by the capacitance (charging/discharging time constant) of the capacitor (in this case,
the transparent conductive film pattern). When the input means (finger) is away (non-touch state), the number of pulses per
unit time (Fig. 9(a)) is shown as 12 counts in Fig. 9(b). When the input means (finger) touches the panel (touch state), the
apparent capacitance of the charging/discharging capacitor increases, causing the sawtooth wave frequency to decrease, as
shown in Fig. 9(c), changing to 6 counts. The difference in pulse count between the touch and non-touch states is
proportional to the change in capacitance. By repeating this operation sequentially for each conductive film pattern, it is
possible to obtain a distribution where patterns closer to the input means show a larger capacitance change, while those
further away show a smaller change. Based on this distribution, interpolation calculation is performed to identify the point
with the largest change as the position of the finger input instruction, which is then output to the external host 190.

[0036]

The process for detecting changes in capacitance may also adopt a different configuration for capacitance detection. For
example, as shown in Fig. 10(a), a pulse of constant frequency can be applied, and by measuring the charging time according
to the size of the capacitance, as illustrated in Fig. 10(b), the change in capacitance can be determined, allowing
differentiation between the touch state and the non-touch state.

[0037] Next, the configuration and operation for detecting contact or proximity of the electronic pen using the controller unit
120, as shown in Fig. 3, will be explained. The configuration related to pen input in controller unit 120 includes a
transmission and reception processing unit 130 connected to loop coil 101, and a pen coordinate/function calculation unit
129. The transmission and reception processing unit 130 receives an electromagnetic induction clock supplied from the
oscillation circuit 121, and from the transmission circuit 131 within the transmission and reception processing unit 130, an
AC signal synchronized with this electromagnetic induction clock is applied to loop coil 101 via an impedance matching
circuit 132.

The transmission and reception processing unit 130 is also equipped with a receiving circuit 133, which detects data
regarding the strength of the electric field from the electronic pen and performs demodulation of the received function within
that receiving circuit 133. The detected data and demodulated data are sent to the pen coordinate/function calculation unit
129. In the pen coordinate/function calculation unit 129, the supplied data and the clock provided from the frequency divider
123 are used to detect the coordinate position (or a nearby position) where the electronic pen contacts the panel. The data of
the detected coordinate position is sent to the host 190 via interface 141.

It should be noted that while the transmission and reception processing unit 130 is detecting the proximity of the electronic
pen to the panel, it provides an enable signal to the finger coordinate calculation unit 128. In addition, the transmission circuit
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131 of the transmission and reception processing unit 130 is equipped with a transmission data input terminal 134, allowing
data supplied from the host 190 side to be transmitted to the electronic pen side. In this case, the excitation frequency serves
as a carrier, and the data being sent can be transmitted by modulating it.

[0038] Fig. 4 shows an example configuration of the transmission and reception section 130. The electromagnetic induction
clock supplied from the oscillation circuit 121 is provided to the modulator 131a, where the clock is modulated based on the
signal obtained at the input terminal 134. The modulated electromagnetic induction clock is then sent to the power amplifier
131b for amplification and transferred to the loop coil 101 side via the impedance matching circuit 132, reaching the
electronic pen side near the panel.

[0039]

In addition, the impedance matching circuit 132 is connected to a detection resistor 133a for receiving signals, and the
received signal obtained at this detection resistor 133a is sent through a bandpass filter 133b and an amplifier 133cto a
demodulator 133d, from which the demodulated signal from 133d is output as a received signal at output terminal 133e.
[0040]

Fig. 5 illustrates an example configuration of the electronic pen side. The electronic pen 300 of this example (Fig. 1) is
equipped with an LC resonant circuit 310 that consists of a coil 311 and a capacitor 312. This LC resonant circuit 310
resonates due to the magnetic field generated by the loop coil 101, which is the excitation coil located around the panel's
outer periphery. It is assumed that the constants of the LC (coil 311 and capacitor 312) have been set in advance to satisfy the
resonance conditions. The electrical energy during this resonance is used to drive various circuits within the pen. Specifically,
the power supply circuit 332 is connected to the LC resonant circuit 310 via a diode 331, and the energy stored in the
capacitor 312 supplies voltage Vce to various circuits within the electronic pen from the power supply circuit 332.

[0041]

Furthermore, the LC resonant circuit 310 is amplitude modulated (load modulation) by the modulation circuit 322, which
changes the electric current flowing through the loop coil 101 on the panel side with the generated anti-magnetic field. The
modulation circuit 322 receives a signal obtained by dividing the carrier frequency detected by the LC resonant circuit 310
using the frequency divider 321. By changing the electric current flowing through the loop coil 101, this electric current
change is detected on the panel side and converted to voltage by a detection resistor, enabling demodulation into the desired
data for transmission of data from the electronic pen to the controller.

[0042]

Fig. 8 illustrates the principle of power supply to the electronic pen and data transmission from the electronic pen. On the
panel side, the output of oscillator 121 is supplied to the loop coil 101, which serves as the excitation coil, generating
magnetic flux and allowing energy to accumulate in the LC resonant circuit 310 on the pen side. The power obtained in this
manner activates the modulation circuit 322, where a modulation switch connected in series with resistor R12 is controlled to
turn on and off by the modulation circuit 322, enabling data transmission from the electronic pen side to the panel side. The
transmitted data is detected by resistor R11 connected to the loop coil 101.

[0043]

It should be noted that the driving power source does not necessarily have to utilize resonance in the LC resonant circuit 310;
it may also incorporate power generation elements such as batteries or solar panels within the electronic pen. In addition,
both methods can be used together, allowing for differentiation based on application and power consumption within the pen.
[0044]

A conductive material, such as metal or conductive resin, is arranged at the pen tip 325 to detect the electric field from the
conductive film pattern on the panel side. This conductive material for the pen tip 325 is ideally designed to detect the
electric field as close to the pen tip as possible (i.e., only at the part near the panel) to minimize errors and parallax in the
indicated position. For this reason, it is preferable to provide shielding material 326 on the upper part of the pen tip 325, as
shown in Fig. 6. The pen tip 325 can also be positioned at both ends of the pen body, making it easy to implement different
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functions such as eraser functionality or drawing lines of varying thicknesses by sending different modulation data.
Furthermore, since the pen tip 325 will directly contact the panel surface during pen input, it is advisable to use a coating 327
made of softer resin materials, such as polystyrene or polyacetal, to prevent scratches on the panel surface.

[0045]

The pen tip 325 made of conductive material is connected to the amplifier unit 324, as shown in Fig. 6. Returning to the
explanation of Fig. 5, the strength of the electric field detected by the pen tip 325 is amplified by the amplifier unit 324 and
then sent to the modulation circuit 322 after being digitized by the analog-to-digital converter 323.

[0046]

Fig. 7 illustrates an example of the electric field detection configuration in the amplifier unit 324. The pen tip 325 is
connected to the positive input terminal of the operational amplifier 324a via capacitor C1, and the connection point between
capacitor C1 and operational amplifier 324a is grounded through resistor R1. In addition, the negative input terminal of the
operational amplifier 324a is grounded through a series circuit of resistor R2 and capacitor C2. Furthermore, the negative
input terminal of the operational amplifier 324a is connected to the output terminal of the operational amplifier 324a via a
parallel circuit of capacitor C3 and resistor R3.

In this manner, by configuring the operational amplifier 324a and its surrounding components for amplification, a signal
output is obtained at output terminal 324b that corresponds to the distance between the conductive film pattern subjected to
alternating voltage by the amplifier unit 324 and the pen tip (proportional to the strength of the electric field). Moreover, it is
preferable to use a high input impedance operational amplifier 324a. In addition, it is necessary to have frequency
characteristics capable of handling the frequency of the alternating voltage applied to the matrix pattern. It is also acceptable
to use an electric field detection device as the pen tip 325, but by detecting the strength of the electric field with the amplifier
unit 324 as shown in Fig. 7, a simple configuration can be achieved.

[0047]

It should be noted that in the configuration of the electronic pen shown in Fig. 5, an example of digitized detection data is
presented; however, data transmission from the pen can also be performed using analog modulation. Nevertheless, since this
method is more susceptible to noise, a digital processing configuration as shown in Fig. 5 is preferred.

[0048]

By controlling the modulation at modulation circuit 322 with the electric field detected by the pen tip of the electronic pen,
the state of voltage application to the matrix pattern consisting of conductive film patterns 102 and 103 on the panel changes
the detection state of the electric field. The data corresponding to this detection state is received by the transmission and
reception processing unit 130 within controller 120, allowing for the detection of the strength of the electric field in
synchronization with the voltage application state to the matrix pattern. This enables determining the coordinate position
where the pen tip of the electronic pen has touched (or approached).

[0049]

It should be noted that when sending data (commands) from the controller side to the electronic pen, as shown in Fig. 3,
transmission data is sent from input terminal 134 to the transmission circuit 131 within the transmission and reception
processing unit 130. This data transmission uses the excitation frequency as a carrier and modulates the outgoing data for
transmission. Various modulation methods such as frequency, phase, and amplitude modulation can be applied in this case.
[0050]

By being able to send data (commands) to the pen, functionalities such as reading pen-specific information, setting sensitivity
settings, firmware updates, and potentially enabling features like vibration via a vibration device or light notifications (e.g.,
through LEDs) triggered by commands sent from the controller side can be realized, providing a wireless pen that utilizes
bidirectional data transmission. That is, as shown in Fig. 5, signals received by the LC resonant circuit 310 of the electronic
pen are demodulated by the reception/demodulation circuit 341, and the demodulated data is supplied to the processing unit
342 within the electronic pen to execute the corresponding processing.

[0051]

Next, an example of the coordinate detection processing executed by the controller 120 of this coordinate input device will be
explained with reference to the flowchart in Fig. 11. First, the controller 120 performs an initialization processing (step S11).
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The initialization processing includes starting oscillation and performing initialization processing for coordinate data.
Specifically, this involves correcting the initial voltage Vd, setting the count value of the counter to 0, resetting the electrode
position Tn to 0, and setting the total number of electrodes Tmax in the matrix pattern. After the initialization processing, if
the electrode position Tn equals the total number of electrodes Tmax, Tn is reset to 0 (step S12).

[0052]

Subsequently, it is determined whether the electronic pen is approaching within the coordinate detection area (display area)
(step S13). If the electronic pen is not detected at this point, the electrode switching of the matrix pattern is performed (step
S14). Then, it is determined whether contact with a finger has been detected (step S15). If no contact is detected, correction
of the initial voltage Vd is performed (step S16), and the electrode position Tn is incremented by one (step S17), returning to
the processing of step S12.

[0053]

If a finger is detected in step S15, the finger input mode is set, and the electrode position Tn is reset (step S18). The electrode
switching is turned on (step S19), and the count value p of the electrode drive pulse is incremented (step S20). The electrode
voltage Vn is then measured, and it is compared to the reference voltage Vth to determine whether Vn is below or above the
threshold (step S21). If the comparison indicates that Vn is below the reference voltage Vth, the process returns to step S20.
If the reference voltage Vth is detected as being exceeded, the current pulse count value p and the electrode position Tn are
associated and stored (step S22), and the count value of the number of electrodes Tn is evaluated (step S23). Here, if the
count value Tn is not at its maximum Tmax, it is incremented by one to Tn+1 (step S24), and the process returns to step S19.
[0054]

In addition, if the count value Tn is equal to the maximum value Tmax in step S23, the finger coordinate position is
calculated (step S25), and this calculated finger coordinate position is output (step S26), returning to the processing of step
S12.

[0055]

Next, the processing for detecting the approach of the electronic pen in step S13 will be explained. In this case, the pen input
mode is activated. Detection of the approach of the electronic pen may be determined, for example, by detecting data
transmission from the electronic pen. Furthermore, during this pen input mode, enable data is output to prevent finger
coordinate detection (see Fig. 3).

When the approach of the electronic pen is detected in step S13, the electrode position Tn is reset to 0 (step S27), and the
switching of the matrix pattern electrodes is performed (step S28). Then, the pen data is associated and stored with the
electrode position Tn (step S29), and the count value of the number of electrodes Tn is evaluated (step S30). Here, if the
count value Tn is not at its maximum Tmax, it is incremented by one to Tn+1 (step S31), and the process returns to step S28.
[0056]

In addition, if the count value Tn is at its maximum Tmax in step S30, the coordinate position of the electronic pen is
calculated (step S32), and the pen coordinate data is output (step S33), returning to the processing of step S12.

[0057]

As described above, according to the coordinate input device of this example, both finger and pen inputs can be handled
within a single system, eliminating the need for separate input devices for fingers and pens, which leads to cost reduction and
simplification of structure. In addition, since there are no air layers or dot spacers in the sensor panel, light transmission is
improved, resulting in optical characteristics superior to those of resistive membrane types. Furthermore, due to the absence
of physical moving parts, this design offers a longer lifespan compared to resistive membrane methods.

In addition, since finger input detection processing is not performed during pen input processing, so-called "palm rejection"
can be realized, significantly enhancing the operability of pen input, especially on larger screen sizes. Furthermore, because
bidirectional communication between the coordinate input device and the pen is possible, alerts and information can be
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communicated from the pen itself through vibrations or lights, thus increasing the added value of the pen.

[Brief Description of Drawings]

[0058]

[Fig. 1] It is a configuration diagram showing an overview of a system according to one embodiment of this invention.
[Fig. 2] It is a perspective view showing an example of the panel structure according to one embodiment of this invention.
[Fig. 3] It is a block diagram showing an example of processing configuration according to one embodiment of this
invention.

[Fig. 4] It is a block diagram showing an example of transmission and reception configuration according to one embodiment
of this invention.

[Fig. 5] It is a block diagram showing an example of the electronic pen configuration according to one embodiment of this
invention.

[Fig. 6] It is an explanatory diagram showing a sensor structure of the electronic pen according to one embodiment of this
invention.

[Fig. 7] It is a configuration diagram showing an example of electric field detection in the electronic pen according to one
embodiment of this invention.

[Fig. 8] It is an explanatory diagram illustrating the principle of power transmission according to one embodiment of this
invention.

[Fig. 9] It is an explanatory diagram showing an example of capacitance change according to one embodiment of this
invention.

[Fig. 10] It is an explanatory diagram showing an example of capacitance change according to one embodiment of this
invention.

[Fig. 11] It is a flowchart showing an example of processing according to one embodiment of this invention.

[Fig. 12] It is a configuration diagram showing an example of a conventional resistive membrane touch panel.

[Fig. 13] It is a configuration diagram showing an example of coordinate detection based on conventional electromagnetic
induction methods.

[Fig. 14] It is a characteristic diagram showing an example of conventional position detection processing.

[Explanation of Reference Numerals ]

[0059]

100 ... Panel; 101 ... Loop Coil; 102 ... Electrode in the X-axis direction; 103 ... Electrode in the Y-axis direction; 111 ...
Upper Transparent Film; 112 ... Lower Transparent Film; 113 ... Transparent Adhesive Material; 114 ... Flexible Substrate;
120 ... Controller Unit; 121 ... Oscillation Circuit; 122 ... Quartz Crystal Oscillator; 123 ... Frequency Divider; 124 ... Sensor
Driver; 125 ... Switch Circuit; 126 ... Counter; 127 ... Capacitance Sensing Unit; 128 ... Finger Coordinate Calculation Unit;
129 ... Pen Coordinate/Function Calculation Unit; 130 ... Transmission and Reception Processing Unit; 190 ... Host; 300 ...
Electronic Pen; 301 ... LC Resonant Circuit; 322 ... Modulation Circuit; 324 ... Amplifier Unit; 325 ... Pen Tip; 332 ... Power
Supply Circuit;
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