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A pointer detection apparatus is provided, which is capable of
detecting a pointed position and a pressure applied by a
pointer on a detection sensor. The detection sensor includes a
plurality of first conductors disposed in a first direction, a
plurality of second conductors disposed in a second direction
crossing with the first direction, and a pressure sensitive mate-
rial disposed between the first and second conductors and
having a variable resistance characteristic. When a pointer is
positioned in the proximity of (but not in contact with) the
detection sensor or when a pressure applied to the detection
sensor by the pointer in contact with the detection sensor is
equal to or lower than a threshold, detection signals corre-
sponding to variation in electrostatic capacity between the
first and second conductors are supplied. When the pressure
applied to the detection sensor is higher than the threshold,
detection signals corresponding to variation in resistance
characteristic of the pressure sensitive material are supplied.
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POINTER DETECTION APPARATUS AND
DETECTION SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit under 35
U.S.C. 119 of Japanese Patent Application No. 2010-074112,
filed Mar. 29, 2010, the entire content of which is being
incorporated herein by reference.

TECHNICAL FIELD

[0002] This invention relates to a pointer detection appara-
tus for use, for example, with a touch panel. More particu-
larly, the present invention relates to a pointer detection appa-
ratus and a detection sensor, wherein when a pointer such as
a finger or an electrostatic pen moves in a direction crossing
with a surface, to which pointing operation performed by the
pointer is input (i.e., a surface which the pointer can touch
during inputting of pointing operation: hereinafter referred to
as pointing input surface), a spaced position of the pointer
from the pointing input surface and the pointer’s pressing
force to the pointing input surface can be detected in response
to the movement of the pointer.

BACKGROUND

[0003] Conventionally, as a detection method for a pointer
such as a finger of a user or a pen for exclusive use with a
touch panel or the like, various sensor methods have been
proposed such as, for example, an electrostatic coupling
method (capacitance method), a resistive film method, and an
electromagnetic induction method.

[0004] In a pointer detection apparatus of the electrostatic
coupling method, as shown in FIG. 59, a plurality of upper
electrodes Ex and a plurality of lower electrodes Ey are jux-
taposed, for example, in an X-axis direction (lateral direction)
and a Y-axis direction (longitudinal direction) of the pointing
input surface and are arrayed orthogonally to each other and
in a spaced relationship from each other with a small gap left
therebetween. Consequently, a predetermined capacitor Co is
formed at an overlapping location of each upper electrode Ex
and each lower electrode Ey.

[0005] Inthe pointer detection apparatus ofthe electrostatic
coupling method of FIG. 59, if a pointer such as a finger of a
user approaches or touches the pointing input surface, then a
capacitor Cf is formed between the pointer and the upper
electrode Ex at the location. As a result, the amount of move-
ment of charge between the upper electrode Ex and the lower
electrode Ey at the location varies. In the pointer detection
apparatus of the electrostatic coupling method, the variation
of the amount of movement of charge is detected to specify
the position in the pointing input surface pointed to by the
pointer.

[0006] A pointer detection apparatus of the electrostatic
coupling method of the type described above is disclosed, for
example, in Patent Documents 1 to 3 listed below. In Patent
Document 1, a technique of applying a code division multi-
plexing method which uses orthogonal spread codes to a
multi-user touch system is disclosed. In Patent Document 2, a
coordinate inputting apparatus which uses a pseudorandom
signal is disclosed. Further, in Patent Document 3, an elec-
trostatic pen used with a capacitive type coordinate apparatus
is disclosed.
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[0007] Meanwhile, in regard to pointer detection using the
resistive film method, particularly a technique for detecting a
plurality of pointing inputs is disclosed, for example, in
Patent Document 4. The pointer detection technique using the
resistive film method disclosed in Patent Document 4 is
described with reference to FIG. 60.

[0008] In particular, the pointer detection apparatus of
Patent Document 4 includes an electrode sheet 1001 on which
a plurality of upper electrodes Ex similar to those of the
example of FIG. 59 are formed, a first resistive element layer
1002, a second resistive element layer 1003, and an electrode
sheet 1004 on which a plurality of lower electrodes Ey similar
to those of the example of FIG. 59, which are arrayed in a
laminated relationship in a z-axis direction orthogonal to an x
axis and a y axis.

[0009] In this instance, as shown in FIG. 60(B) which is a
sectional view of FIG. 60(A), the first resistive element layer
1002 is formed on the upper electrodes Ex formed on the
electrode sheet 1001 such that the upper electrodes Ex and the
first resistive element layer 1002 are electrically connected to
each other. Further, the second resistive element layer 1003 is
formed on the lower electrodes Ey formed on the electrode
sheet 1004 such that the lower electrodes Ey and the second
resistive element layer 1003 are electrically connected to each
other. A very small air gap AG is formed between the first
resistive element layer 1002 and the second resistive element
layer 1003.

[0010] In the pointer detection apparatus of this case, if a
pointing input surface, that is, the electrode sheet 1001 in the
example shown, is pressed in the Z-axis direction by a pointer
such as a finger, then the electrode sheet 1001 is elastically
displaced at the pressed portion thereof until the first resistive
element layer 1002 and the second resistive element layer
1003 are brought into contact with each other as shown in a
sectional view of FIG. 60(C). Then, as the pressing force from
the pointer to the pointing input surface increases, the contact
area between the first resistive element layer 1002 and the
second resistive element layer 1003 increases.

[0011] Consequently, a variable resistor in accordance with
the contact area between the first resistive element layer 1002
and the second resistive element layer 1003 is interposed
between the upper electrode Ex and the lower electrode Ey at
the pressed portion. In this instance, the resistance of the
variable resistor decreases as the contact area between the
first resistive element layer 1002 and the second resistive
element layer 1003 increases. It is to be noted that, when the
pointing input surface is not pressed by a pointer as in FIG.
60(B), the first resistive element layer 1002 and the second
resistive element layer 1003 are almost in a non-contacting
state with each other, and therefore, the resistance of the
variable resistor is almost infinite.

[0012] Accordingly, even if a voltage is applied through
one of the upper electrode Ex and the lower electrode Ey in
the state of FIG. 60(B), signal current of the voltage is not
transmitted to the other electrode. Then, if the first resistive
element layer 1002 and the second resistive element layer
1003 are brought into contact with each other, signal current
from one of the electrodes begins to flow to the other electrode
through the variable resistor. Then, if the contact area
between the first resistive element layer 1002 and the second
resistive element layer 1003 increases as the pressing force
increases, then the signal current flowing from the one elec-
trode to the other electrode increases in response to the con-
tact area.
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[0013] From the foregoing, in the pointer detection appa-
ratus of the resistive film method, if the variation in resistance
value between the upper electrode Ex and the lower electrode
Ey is detected, then the position pointed to by the pointer can
be specified and the pressing force is detected from the resis-
tance value of the resistor.

PRIOR ART DOCUMENT

Patent Document 1

[0014] Japanese Patent Laid-Open No. 2003-22158
Patent Document 2

[0015] Japanese Patent Laid-Open No. Hei 9-222947
Patent Document 3

[0016] Japanese Patent LLaid-Open No. Hei 10-161795
Patent Document 4

[0017] U.S. Patent Publication No. 2009/0256817 A1

SUMMARY OF THE INVENTION
[0018] The pointer detection apparatus of the electrostatic

coupling method described above has a problem that,
although it is possible to detect a position of the pointing input
surface toward which the pointer moves or touches or a
spaced position of the pointer from the pointing input surface,
the pressing force against the pointing input surface cannot be
detected.

[0019] On the other hand, the pointer detection apparatus
which uses the resistance film method has a problem that the
detection sensitivity (initial pressure sensitivity) at a contact-
ing (touching) position of the pointer with the pointing input
surface is low and that it is utterly impossible to detect a
spaced position of the pointer from the pointing input surface.
[0020] Inview ofthe foregoing consideration, according to
one aspect of the present invention, a pointer detection appa-
ratus is provided, which can detect a position of a pointer
spaced from, or touching, a pointing input surface and can
obtain a detection output in accordance with a pressing force
of a pointer that presses the pointing input surface.

[0021] According to another aspect of the present inven-
tion, it is possible to implement the pointer detection appara-
tus described above in a comparatively simple configuration.
[0022] In order to solve the problem described above, the
present invention provides a pointer detection apparatus
capable of detecting a pointed position and pressure by a
pointer, including:

[0023] a detection sensor including a plurality of first con-
ductors disposed in a first direction, a plurality of second
conductors disposed in a second direction crossing with the
first direction, and a pressure sensitive member disposed
between the plural first conductors and the plural second
conductors and having a predetermined resistance character-
istic;

[0024] a signal supplying circuit configured to supply pre-
determined signals to the plural first conductors; and

[0025] a signal detection circuit configured to carry out
signal detection from the plural second conductors;

[0026] wherein, where a pointer is positioned in the prox-
imity of (but without touching) the detection sensor or where
pressure applied to the detection sensor when the pointer
touches the detection sensor is lower than predetermined
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pressure, the detection sensor supplies signals corresponding
to variation in electrostatic capacity between the plural first
conductors and the plural second conductors to the signal
detection circuit, whereas where the pointer applies pressure
higher than the predetermined pressure to the detection sen-
sor, the detection sensor supplies signals corresponding to
variation in resistance characteristic between the plural first
conductors and the plural second conductors, due to the appli-
cation of the pressure from the pointer to the pressure sensi-
tive member, to the signal detection circuit.

[0027] With the pointer detection apparatus of the present
invention having the configuration described above, the sig-
nal detection circuit detects a signal corresponding to varia-
tion in electrostatic capacity between the plural first conduc-
tors and the plural second conductors, and from the detection
output, for example, whether the pointer is touching the
detection sensor and the position of the touching can be
detected.

[0028] Further, the signal detection circuit detects a signal
corresponding to variation in resistance characteristic
between the plural first conductors and the plural second
conductors, and can detect, from the detection output, a
pointed position at which pressure is applied from the pointer
to the detection sensor and also the pressure.

[0029] In particular, with the pointer detection apparatus of
the present invention, a pointed position and pressure by a
pointer can be detected by a comparatively simple configu-
ration, wherein the signal detection circuit detects a signal
corresponding to variation in electrostatic capacity between
the plural first conductors and the plural second conductors
and a signal corresponding to variation in resistance charac-
teristic between the plural first conductors and the plural
second conductors.

[0030] According to the present invention, a pointer detec-
tion apparatus which has a high detection sensitivity of a
touched position of a pointer with the pointing input surface
and from which a detection output corresponding to pressing
force of a pointer that presses the pointing input surface can
be obtained with a comparatively simple configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 11is a block diagram showing an example of a
general configuration of a first embodiment of a pointer
detection apparatus according to the present invention.
[0032] FIGS. 2A and 2B are cross-sectional views showing
a configuration of a sensor section of the pointer detection
apparatus of the first embodiment.

[0033] FIG. 3 is a view showing an operation principle of
pointer detection by an electrostatic coupling method by the
pointer detection apparatus of the first embodiment.

[0034] FIGS. 4A and 4B are views illustrating an operation
principle of pointer detection by an electrostatic coupling
method by the pointer detection apparatus of the first embodi-
ment.

[0035] FIG. 5 is a view showing a circuit of main part of the
pointer detection apparatus of the first embodiment for
pointer detection by the electrostatic coupling method.
[0036] FIG. 61is aview illustrating an operation principle of
pointer detection by a resistive film method by the pointer
detection apparatus of the first embodiment.

[0037] FIGS. 7A and 7B are views illustrating an operation
principle of pointer detection by the resistive film method by
the pointer detection apparatus of the first embodiment.
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[0038] FIG. 8 is a view showing a circuit of main part for
pointer detection by the resistive film method in the pointer
detection apparatus of the first embodiment.

[0039] FIG. 9 is a view showing a circuit of part of the
pointer detection apparatus of the first embodiment for
pointer detection by both of the electrostatic coupling method
and the resistance film method.

[0040] FIG. 10 is a view showing another example of the
circuit of part of the pointer detection apparatus of the first
embodiment for pointer detection by both of the electrostatic
coupling method and the resistance film method.

[0041] FIG. 11 is a view showing a transmission section of
the pointer detection apparatus of the first embodiment.
[0042] FIG. 12 is a view illustrating spread codes as an
example of a transmission signal used in the pointer detection
apparatus of the first embodiment.

[0043] FIG. 13 is a view illustrating operation of the trans-
mission section of the pointer detection apparatus of the first
embodiment.

[0044] FIG.141s aview showing part of a reception section
of the pointer detection apparatus of the first embodiment.
[0045] FIG.15is aview illustrating operation of part of the
reception section of FIG. 14.

[0046] FIG. 16 is a view showing the remaining part of the
reception section of the pointer detection apparatus of the first
embodiment.

[0047] FIGS.17A-17D are timing charts illustrating opera-
tion of the transmission section and the reception section of
the pointer detection apparatus of the first embodiment.
[0048] FIG. 18 is ablock diagram showing an example of a
detailed configuration of part of the reception section of FIG.
16.

[0049] FIGS.19A-19H are timing charts illustrating opera-
tion of the example of the detailed configuration of part of the
reception section of FIG. 18.

[0050] FIG. 20 is a diagram showing an example of a
detailed configuration of part of the reception section of FIG.
18.

[0051] FIGS. 21A and 21B are views illustrating pointer
detection operation of the pointer detection apparatus of the
first embodiment.

[0052] FIGS.22A-22C are views illustrating pointer detec-
tion operation of the pointer detection apparatus of the first
embodiment.

[0053] FIG. 23 is a view showing part of a flow chart illus-
trating an example of operation of the pointer detection appa-
ratus of the first embodiment.

[0054] FIG. 24 is a view showing part of the flow chart
illustrating the example of operation of the pointer detection
apparatus of the first embodiment.

[0055] FIGS. 25A and 25B are views illustrating a detec-
tion operation principle of a hovering state of a pointer in
accordance with the electrostatic coupling method by the
pointer detection apparatus of the first embodiment.

[0056] FIGS. 26A and 26B are views illustrating a detec-
tion operation principle of a hovering state of a pointer in
accordance with the electrostatic coupling method by the
pointer detection apparatus of the first embodiment.

[0057] FIG. 27 is a view illustrating a detection operation
principle of a hovering state of a pointer in accordance with
the electrostatic coupling method by the pointer detection
apparatus of the first embodiment.
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[0058] FIG. 28 is a block diagram showing an example of a
configuration of main part of a second embodiment of a
pointer detection apparatus according to the present inven-
tion.

[0059] FIG. 29 is a flow chart illustrating an example of
operation of the pointer detection apparatus of the second
embodiment.

[0060] FIG. 30is ablock diagram showing an example of a
configuration of main part of a third embodiment of a pointer
detection apparatus according to a third embodiment of the
present invention.

[0061] FIG. 31 is a flow chart illustrating an example of
operation of the pointer detection apparatus of the third
embodiment.

[0062] FIG. 32 is a flow chart illustrating the example of
operation of the pointer detection apparatus of the third
embodiment.

[0063] FIG. 33 is a block diagram showing an example of a
configuration of main part of another example of the third
embodiment of the pointer detection apparatus according to
the present invention.

[0064] FIGS. 34A and 34B are views illustrating a fourth
embodiment of a pointer detection apparatus according to the
present invention.

[0065] FIG. 35 is a view illustrating the fourth embodiment
of the pointer detection apparatus according to the present
invention.

[0066] FIG. 36 is a view illustrating the fourth embodiment
of the pointer detection apparatus according to the present
invention.

[0067] FIG. 37 is a view illustrating the fourth embodiment
of the pointer detection apparatus according to the present
invention.

[0068] FIG. 38 is a view illustrating the fourth embodiment
of the pointer detection apparatus according to the present
invention.

[0069] FIG. 39 s ablock diagram showing an example of a
configuration of main part of the pointer detection apparatus
according to the fourth embodiment of the present invention.
[0070] FIG. 40 is a block diagram showing an example of a
configuration of another main part of the pointer detection
apparatus according to the fourth embodiment of the present
invention.

[0071] FIG. 41 is a block diagram showing an example of a
configuration of a further main part of the pointer detection
apparatus according to the fourth embodiment of the present
invention.

[0072] FIG. 42 is a block diagram showing another
example of a configuration of main part of the fourth embodi-
ment of the pointer detection apparatus of the fourth embodi-
ment.

[0073] FIGS. 43A-43F are views illustrating a fifth
embodiment of a pointer detection apparatus according to the
present invention.

[0074] FIG. 44 is a view illustrating the fifth embodiment of
the pointer detection apparatus according to the present
invention.

[0075] FIG. 45 is a diagram showing an example of a con-
figuration of main part of the fifth embodiment of the pointer
detection apparatus according to the present invention.
[0076] FIG. 46 is a diagram showing an example of a con-
figuration of main part of the fifth embodiment of the pointer
detection apparatus according to the present invention.
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[0077] FIG. 47 is a diagram showing another example of a
configuration of main part of the fifth embodiment of the
pointer detection apparatus according to the present inven-
tion.

[0078] FIG. 48 is a block diagram showing an example of a
configuration of main part of a sixth embodiment of the
pointer detection apparatus according to the present inven-
tion.

[0079] FIG. 49 is a block diagram showing an example of a
detailed configuration of part of the configuration example of
part of FIG. 48

[0080] FIGS.50A-50D are views showing a modification 1
to the sensor section in an embodiment of the pointer detec-
tion apparatus according to the present invention.

[0081] FIGS.51A-51D are views showing a modification 2
to the sensor section in an embodiment of the pointer detec-
tion apparatus according to the present invention.

[0082] FIG. 52 is a view showing a modification 3 to the
sensor section in an embodiment of the pointer detection
apparatus according to the present invention.

[0083] FIGS. 53A and 53B are views showing the modifi-
cation 3 to the sensor section in an embodiment of the pointer
detection apparatus according to the present invention.
[0084] FIGS. 54A and 54B are views showing a modifica-
tion 4 to the sensor section in an embodiment of the pointer
detection apparatus according to the present invention.
[0085] FIG. 55 is a view showing a modification 5 to the
sensor section in an embodiment of the pointer detection
apparatus according to the present invention.

[0086] FIGS. 56A and 56B are views showing the modifi-
cation 5 to the sensor section in an embodiment of the pointer
detection apparatus according to the present invention.
[0087] FIGS. 57A and 57B are views showing a modifica-
tion 6 to the sensor section in an embodiment of the pointer
detection apparatus according to the present invention.
[0088] FIG. 58 is a view showing the modification 6 to the
sensor section in an embodiment of the pointer detection
apparatus according to the present invention.

[0089] FIG. 59 is a view showing a sensor section of a
pointer detection apparatus of the electrostatic coupling
method.

[0090] FIGS. 60A-60C are views showing a sensor section
of a pointer detection apparatus of the resistive film method.

DESCRIPTION OF THE INVENTION

[0091] In the following, embodiments of a pointer detec-
tion apparatus according to the present invention are
described in the following order with reference to the accom-
panying drawings.

1. First Embodiment: example of a basic configuration.

2. Second Embodiment: example wherein switching of the
detection modes is not carried out.

3. Third Embodiment: example wherein two detection modes
are executed concurrently.

4. Fourth Embodiment: example of an improved configura-
tion where an Hadamard code is used as a spread code.

5. Fifth Embodiment: example wherein detection non-unifor-
mity is removed.

6. Sixth Embodiment: automatic gain control of an amplifi-
cation circuit.

7. Seventh Embodiment: example in the case of a large-sized
sensor section.

8. Eighth Embodiment: example of a configuration wherein a
modulated spread code is used.
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9. Ninth Embodiment: different supplying method of a spread
code.

10. Tenth Embodiment: selection method of a reception con-
ductor.

11. Eleventh Embodiment: different example of a configura-
tion of a sensor section.

First Embodiment
Example of a Basic Configuration

[0092] A pointer detection apparatus of this embodiment
not only detects a touch of a pointer with a pointing input
surface and the pressure applied to the pointing input surface
by the pointer, but also detects the position of a pointer in a
space above the pointing input surface and a touching and
pressing position of the pointer with the pointing input sur-
face (i.e., pointer coordinate position). In the present
example, the position of a pointer in a space above the point-
ing input surface is the position of a pointer which is spaced
away from the pointing input surface without touching the
pointing input surface, and is specified by the coordinate
position on the pointing input surface, onto which a perpen-
dicular line is drawn from the pointer and a spatial distance of
the pointer from the pointing input surface.

[0093] It is to be noted that a state in which a pointer is
positioned at a spatial position spaced from the pointing input
surface is hereinafter referred to as a hovering state. Further,
in the present specification, a direction in which a perpen-
dicular line is drawn from a pointer to the pointing input
surface is hereinafter referred to as the Z-axis direction, and a
coordinate position on the pointing input surface is defined by
aposition in the X-axis direction and the Y-axis direction that
are perpendicular to each other.

[0094] Further, in the following description, as a pointer,
principally a finger of a user is used. However, an electrostatic
pen described hereinabove or a like element may be used
instead as the pointer.

[0095] Further, the embodiments of the present invention
described below are examples wherein a plurality of pointers
may exist on the pointing input surface at the same time such
that, for example, a plurality of fingers can be detected.
[0096] Furthermore, the embodiments described below
have a configuration devised such that position detection of a
pointer on the pointing input surface can be carried out at a
high speed.

<Example of a General Configuration of the Pointer Detec-
tion Apparatus of the First Embodiment: FIG. 1>

[0097] FIG. 1is a block diagram showing an example of a
general configuration of a pointer detection apparatus 1 of the
first embodiment of the present invention. The pointer detec-
tion apparatus 1 of the present embodiment includes a sensor
section 100 which is an example of a detection sensor, a
transmission section 200, a reception section 300, and a con-
trol circuit 40 for controlling operation of the transmission
section 200 and the reception section 300. In the following,
the configuration of the components is described.

[0098] The control circuit 40 is a circuit for controlling the
components of the pointer detection apparatus 1 of the
present embodiment and is configured of, for example, a
microcomputer. The control circuit 40 is connected to a trans-
mission signal supplying circuit 21, a transmission conductor
selection circuit 22, and a clock generation circuit 23 of the
transmission section 200 hereinafter described. Further, the
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control circuit 40 is connected to a reception conductor selec-
tion circuit 31, an amplification circuit 32, and a position
detection circuit 34 of the reception section 300 hereinafter
described.

[0099] Further, as hereinafter described, the control circuit
40 suitably generates and outputs a start signal ST, a trans-
mission load signal St, ,; and a reception load signal Sr,,,,
based on a clock signal CLK outputted from the clock gen-
eration circuit 23 to control operation timings of the compo-
nents.

<Description of the Sensor Section 100>

[Example of the Configuration of the Sensor Section 100:
FIGS. 1, 2A, and 2B]

[0100] The sensor section 100 is described with reference
to FIGS. 1, 2A, and 2B. It is to be noted that FIG. 2(A) is a
sectional view of the sensor section 100 of FIG. 1 in the
X-axis direction, and FIG. 2(B) is a sectional view of the
sensor section 100 of FIG. 1 in the Y-axis direction.

[0101] The sensor section 100 includes a plurality of first
electrodes connected to the transmission section 200 and a
plurality of second electrodes connected to the reception sec-
tion 300, and further includes a pressure sensitive member
hereinafter described. In the following description, a first
electrode is referred to as a transmission conductor, and a
group including a plurality of first conductors is referred to as
a transmission conductor group 11. In the present embodi-
ment, the transmission conductor group 11 includes, for
example, 64 transmission conductors 11Y, to 11Y . Further,
in the present embodiment, a second electrode is referred to as
a reception conductor, and a group including a plurality of
second electrodes is referred to as a reception conductor
group 12. The reception conductor group 12 includes, for
example, 128 reception conductors 12X to 12X ,.

[0102] It is to be noted that, in the description of transmis-
sion conductors in the present specification, where there is no
necessity to specify a particular transmission conductor
among the 64 transmission conductors 11Y, to 11Y, in the
transmission conductor group 11, the transmission conductor
is referred to as transmission conductor 11Y. Similarly, where
there is no necessity to specify a particular reception conduc-
tor among the 128 reception conductors 12X, to 12X, ,5 in the
reception conductor group 12, the reception conductor is
referred to as reception conductor 12X.

[0103] The transmission conductor 11Y is a linear (plate-
like) conductor extending in a lateral direction (X-axis direc-
tion) of a pointing input surface 100S. In this example, 64
transmission conductors 11Y are arrayed in an equally spaced
relationship from each other in a longitudinal direction
(Y-axis direction) of the sensor section 100 as shown in FIG.
1 on a lower side substrate 16 shown in FIG. 2 to form the
transmission conductor group 11.

[0104] Meanwhile, the reception conductor 12X is a linear
(plate-like) conductor extending in the longitudinal direction
(Y-axis direction) of the pointing input surface 1008S. In this
example, 128 reception conductors 12X are arrayed in an
equally spaced relationship from each other in the lateral
direction (X-axis direction) of the sensor section 100 as
shown in FIG. 1 on the lower face of an upper side substrate
17 shown in FIG. 2 to form the reception conductor group 12.
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[0105] An upper face of the upper side substrate 17 forms
the pointing input surface 100S on which inputting of point-
ing operation is carried out by a pointer such as a finger or an
electrostatic pen.

[0106] The lower side substrate 16 and the upper side sub-
strate 17 are spaced from each other by a predetermined
distance in the Z-axis direction. Also the transmission con-
ductors 11Y and the reception conductors 12X are opposed to
each other in a spaced relationship by the predetermined
distance in the Z-axis direction, and the transmission conduc-
tors 11Y and the reception conductors 12X are disposed such
that the extension directions thereof are perpendicular to each
other.

[0107] Since the sensor section 100 is configured in such a
manner as described above, the plural transmission conduc-
tors 11Y and the plural reception conductors 12X cross with
each other in orthogonal directions to each other, and are also
in a spaced relationship by a predetermined distance from
each other in the Z-axis direction in the present example. In
the present specification, the point at which a transmission
conductor 11Y and a reception conductor 12X cross with
each other is referred to as a cross point. The coordinate
position of a cross point on the pointing input surface 1008 is
a detection coordinate position of a pointing input by a
pointer.

[0108] Itistobe noted that, while the foregoing description
is given with regard to a case wherein the transmission con-
ductors 11Y and the reception conductors 12X, all formed
linearly, are disposed orthogonally to each other, the shape of
the transmission conductors 11Y and the reception conduc-
tors 12X may be set suitably in each embodiment. Further, the
transmission conductors 11Y and the reception conductors
12X may cross with each other at an angle other than the
orthogonal crossing angle. For example, the transmission
conductors 11Y and the reception conductors 12X may cross
obliquely with each other. Further, at least the transmission
conductors 11Y and/or the reception conductors 12X may be
formed from conductors formed in a curved shape or in a
concentric relationship. For example, the plural transmission
conductors 11Y may be formed in circles having different
diameters from each other and disposed concentrically while
the plural reception conductors 12X are formed from plural
conductors of a linear shape extending radially from the cen-
ter of the concentric circles and are disposed at equal angular
intervals in a circumferential direction of the conductors of
the linear shape.

[0109] Further, for an improved electric characteristic, the
reception conductors 12X should be formed with a width
smaller than the width of the transmission conductors 11Y.
This is because, since the floating capacitance decreases,
noise that enters the reception conductors 12X can be
reduced.

[0110] Further, the transmission conductors 11Y and the
reception conductors 12X are formed such that both of the
array distances (pitches) thereof are, for example, 3.2 mm. It
is to be noted that the number and the pitch of the transmission
conductors 11Y and the reception conductors 12X are not
limited to these examples, but are set suitably according to the
size of the sensor section 100, a required detection resolution,
and so forth.

[0111] For the lower side substrate 16 and the upper side
substrate 17, a substrate in the form of a sheet (in the form of
a film) made of, for example, a transparent synthetic resin or
the like is used. The upper side substrate 17 is configured from



US 2011/0234508 Al

amaterial which is elastically displaceable in a pressed direc-
tion when it is pressed by a pointer. Since the lower side
substrate 16 need not be displaced elastically, it may be con-
figured from a glass substrate or a copper foil pattern sub-
strate.

[0112] The transmission conductors 11Y and the reception
conductors 12X are formed from a transparent electrode film
formed from, for example, a silver pattern or an ITO (Indium
Tin Oxide: indium tin oxide) film, or copper foil or the like.
The electrode patterns of the transmission conductor group
11 and the reception conductor group 12 can be formed, for
example, in the following manner. First, an electrode film
formed from any of the materials described hereinabove is
formed on the lower side substrate 16 and the upper side
substrate 17, for example, by a sputtering method, a vapor
deposition method, an application method or the like. Then,
the formed electrode film is etched to form the transmission
conductor group 11 and the reception conductor group 12 of
individually predetermined patterns. It is to be noted that,
where the transmission conductors 11Y and the reception
conductors 12X are formed from copper foil, not copper foil
edging but, for example, an ink jet printer may be used to blow
out ink containing copper particles to a glass plate or the like
to form a predetermined electrode pattern.

[0113] Further, the pressure sensitive member is configured
from a first resistive element and a second resistive element.
In particular, as shown in FIG. 2, first resistive elements
(hereinafter referred to as transmission resistive elements)
13Y are formed in a laminated relationship on the transmis-
sion conductors 11Y on the lower side substrate 16. Mean-
while, second resistive elements (hereinafter referred to as
reception resistive elements) 14X are formed in a laminated
relationship on the lower side reception conductors 12X of
the upper side substrate 17. The transmission resistive ele-
ments 13Y and the reception resistive elements 14X are pro-
vided in a spaced relationship by a distance of a small air gap
15 in a direction perpendicular to the pointing input surface
100S.

[0114] In the present example, fine convexes and concaves
are formed on each of opposing faces of the transmission
resistive elements 13Y and the reception resistive elements
14X with the air gap 15 interposed therebetween as shown in
FIG. 2. As hereinafter described, the resistance value between
atransmission conductor 11Y and a reception conductor 12X
in a state wherein a transmission resistive element 13Y and a
reception resistive element 14X contact with each other
exhibits a value corresponding to the contact area of the
opposing faces on which the convexes and the concaves of the
transmission resistive element 13Y and the reception resistive
element 14X are formed.

[0115] It is to be noted that, though not shown, a spacer
member for maintaining the air gap 15 is provided between
the lower side substrate 16 and the upper side substrate 17 at
peripheral edge portions of the sensor section 100. In sort, the
lower side substrate 16 and the upper side substrate 17 are
joined together with the spacer member interposed therebe-
tween.

[0116] The transmission resistive elements 13Y and the
reception resistive elements 14X are formed as transmission
resistive elements and reception elements formed as a plural-
ity of separate pieces corresponding to the transmission con-
ductors 11Y and the reception conductors 12X, respectively,
in order to raise the detection sensitivity of the pressed posi-
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tion (X-Y coordinate position) and the detection sensitivity of
the pressing force by a pointer.

[0117] In particular, the transmission resistive elements
13Y are formed such that, as shown in FIG. 2(B), they indi-
vidually cover the transmission conductors 11Y and adjacent
ones of them are isolated by an air gap 15Y so that they are
electrically independent of each other. Since the transmission
resistive elements 13Y are provided so as to cover the trans-
mission conductors 11Y, the transmission conductors 11Y
and the transmission resistive elements 13Y are respectively
electrically connected to each other.

[0118] Similarly, the reception resistive elements 14X are
formed such that, as shown in FIG. 2(A), they individually
cover the reception conductors 12X and adjacent ones of
them are isolated by an air gap 15X so that they are electri-
cally independent of each other. Since the reception resistive
elements 14X are provided so as to cover the reception con-
ductors 12X, the reception conductors 12X and the reception
resistive elements 14X arerespectively electrically connected
to each other.

[0119] It is to be noted that the transmission resistive ele-
ments 13Y and the reception resistive elements 14X may be
provided as a single resistive element over an overall area of
one face of the lower side substrate 16 and the upper side
substrate 17 as shown in FIG. 60A. However, if both of the
transmission resistive elements 13Y and the reception resis-
tive elements 14X are formed as a single resistive element
over an overall area on one face of the lower side substrate 16
and the upper side substrate 17, then the resolution of pointer
detection drops. Therefore, one of the transmission resistive
elements 13Y and the reception resistive elements 14X
should be configured as a plurality of resistive elements sepa-
rated from each other as in the example described above.
[0120] The transmission resistive elements 13Y and the
reception resistive elements 14X are formed from a transpar-
ent resistance film of, for example, ITO (Indium Tin Oxide:
indium tin oxide), ATO (antimony-doped tin oxide) or the
like. It is to be noted that, where the pointer detection appa-
ratus 1 is used in an application where it is not necessary to
dispose the apparatus 1 on a front face of a pointing screen, of
course the material for configuring the transmission resistive
elements 13Y and the reception resistive elements 14X is not
limited to a transparent resistance film material.

[0121] Although the pointer detection apparatus of the
present invention can be configured integrally with a display
apparatus such as a liquid crystal panel, in this instance, the
sensor section 100 is provided such that it is placed on the
liquid crystal panel.

[Description of the Principle of Pointer Detection by the
Sensor Section 100: FIGS. 3 to 10]

[0122] In the present embodiment, a transmission signal
hereinafter described is supplied from the transmission sec-
tion 200 to the transmission conductors 11Y of the sensor
section 100. This transmission signal is supplied as a voltage
signal to the transmission conductors 11Y. This transmission
signal (voltage signal) is supplied to a capacitor Co between
atransmission conductor 11Y and a reception conductor 12X.
Electric current which varies in response to the presence or
absence of a pointer flows through the capacitor Co, and this
current flows to the reception conductor 12X.

[0123] Further, as hereinafter described, when pressing
force is applied by a pointer to the pointing input surface 100S
to thereby place a transmission resistive element 13Y and a
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reception resistive element 14X into a mutually contacting
state, then the contact area between the transmission resistive
element 13Y and the reception resistive element 14X varies in
response to the pressing force. Then, electric current in accor-
dance with the contact area between the transmission resistive
element 13Y and the reception resistive element 14X flows to
the reception conductor 12X in response to the transmission
signal (voltage signal) supplied to the transmission conductor
11Y.

[0124] The electric current flowing to the reception con-
ductor 12X is supplied as a reception signal to the reception
section 300. The reception section 300 forms a signal detec-
tion circuit, and converts a reception signal received as a
current signal into a voltage signal and obtains a pointer
detection result in such a manner as hereinafter described. It
is to be noted that, in the description of the principle herein-
after given, it is assumed for simplified description that the
same transmission signal is supplied to the 64 transmission
conductors 11Y, to 11Y,, with the transmission timing
thereof displaced successively.

<Detection in a State in which a Pointer is Spaced from the
Pointing Input Surface and is Touching: Electrostatic Cou-
pling Method, FIGS. 3 to 5>

[0125] Inthisinstance, when a pointer such as a finger does
not exist on or above the pointing input surface 100S which is
the surface of the upper side substrate 17 of the sensor section
100, a current flows to the capacitor Co at a cross point
between a reception conductor 12X and a transmission con-
ductor 11Y in response to a transmission signal (voltage
signal) supplied to the transmission conductor 11Y. This cur-
rent flows to the reception conductor 12X and is supplied as a
reception signal (current signal) to the reception section 300.
Since this similarly applies to all cross points of the pointing
input surface 100S, when a pointer such as a finger does not
exist on the pointing input surface 1008, a reception signal of
the same level (of the same current value) is supplied from all
of the reception conductors 12X, to 12X, ,4 to the reception
section 300 as shown in FIG. 4(A).

[0126] It is to be noted that FIG. 4(A) illustrates current
flowing through 128 cross points of the 128 reception con-
ductors 12X, to 12X, ,4 which cross with an arbitrary trans-
mission conductor 11Y, that is, a reception signal obtained
from the reception conductors 12X, to 12X, ,,. The same is
true with the cross points of all of the other transmission
conductors 11Y and the 128 reception conductors 12X, to
12X, when a pointer such as a finger does not exist on or
above the pointing input surface 1008, and thus the reception
signals supplied from the reception conductors 12X to the
reception section 300 have the same level similarly as shown
in FIG. 4(A).

[0127] On the other hand, as shown in FIG. 3, if a finger as
an example of the pointer 18 is placed at a proximity position
spaced from the pointing input surface 100S above the point-
ing input surface 100S or placed at a position touching with
the pointing input surface 1008 to carry out a pointing input
operation, then at the pointing input position, capacitors Cfa
or Cfb are formed by coupling between the pointer 18 and the
reception conductor 12X. Consequently, at a cross point cor-
responding to the pointing input position of the pointer 18, the
current flowing to the capacitor Co in response to the trans-
mission signal (voltage signal) partly disappears through the
capacitors Cfa or Ctb.

[0128] In particular, where the pointer 18 exists above the
pointing input surface 100S of the sensor section 100, the
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transmission conductor 11Y at the pointing input position by
the pointer 18 is placed into an electrostatically coupled state
not only with the reception conductor 12X but also with the
ground through the pointer 18 as shown in FIG. 3. In this state,
electric lines of force emerging from the transmission resis-
tive element 13Y connected to the transmission conductor
11Y in response to the transmission signal not only converge
to the reception conductor 12X through the reception resistive
element 14X but also partly converge to the pointer 18 as
indicated by arrow marks in FIG. 3. Therefore, part of current
flowing to the reception conductor group 12 in response to the
transmission signal is shunted to the ground through the
pointer 18. As a result, the current flowing to the reception
conductor 12X at the pointing input position of the pointer 18
decreases to a value lower than a value ref (hereinafter used as
a reference value) when the pointer 18 does not exist, as
shown in FIG. 4(B).

[0129] By detecting this current variation by which the
current decreases to a value lower than the reference value ref,
the pointing input position on the pointing input surface 100S
by the pointer 18, which is moving from the position spaced
from the pointing input surface 100S to the contacting posi-
tion with the pointing input surface 100S, is detected. Then,
by detecting the position of the cross point at which the
decreasing current variation is exhibited, the pointing input
position of the pointer 18 is detected. The detection of the
pointing input position of the pointer 18 is hereinafter
described in detail.

[0130] In this manner, where the pointer 18 exists in a
hovering state in which it is spaced from the pointing input
surface 100S and in another state in which the pointer 18
contacts the pointing input surface 100S, in the present
embodiment, pointer detection is carried out by an electro-
static coupling method.

[0131] In this electrostatic coupling method, a reception
signal as a current signal obtained from a reception conductor
12X is converted into a voltage signal by the reception section
300. FIG. 5 is a view showing an example of a basic configu-
ration of a current-voltage conversion circuit (hereinafter
referred to as I/V conversion circuit) in the electrostatic cou-
pling method.

[0132] In particular, an I/V conversion circuit provided for
areception signal (current signal) from a reception conductor
12X in the electrostatic coupling method is configured by
connecting a detecting capacitor 52 across an operational
amplifier 51 as shown in FIG. 5. It is to be noted that actually
a direct current bias resistor 53 is connected in parallel to the
detecting capacitor 52.

<Detection of Pressing Force Applied to the Pointing Input
Surface by a Pointer: Resistive Film Method, FIGS. 6 to 8>

[0133] In the state described hereinabove in which no
pressing force is applied to the pointing input surface, when a
pointer is spaced from or is about to touch the pointing input
surface, a transmission resistive element 13 and a reception
resistive element 14 are in a state in which they are spaced
from each other with the air gap 15 interposed therebetween,
and no current flows through the transmission resistive ele-
ment 13 and the reception resistive element 14. Accordingly,
in the state in which pressing force from the pointer 18 is not
applied to the pointing input surface 100S, no current flows
through the transmission resistive element 13 and the recep-
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tion resistive element 14 and the current flowing to the recep-
tion conductor group 12 is fixed (=reference value ref) as
shown in FIG. 7(A).

[0134] Ifpressing forceis applied from the pointer 18 to the
pointing input surface 1008, in a state in which the pointer 18
touches the pointing input surface 100S as shown in FIG. 6,
then the upper side substrate 17 is displaced at a portion
thereof to which the pressing force is applied, and the oppos-
ing faces of the reception resistive element 14X and the trans-
mission resistive element 13Y at the location are placed into
a contacting state with each other.

[0135] Consequently, current flows to the reception con-
ductor 12X at the position at which the pressing force is
applied, based on a transmission signal (voltage signal) sup-
plied to the transmission conductors 11Y and through a resis-
tance value of the variable resistor VR formed by the recep-
tion resistive element 14X and the transmission resistive
element 13Y contacting with each other. In particular, at the
position at which the pressing force is applied, current defined
by the resistance value of the variable resistor VR at the
contacting portion of the reception resistive element 14X and
the transmission resistive element 13Y at the location at
which the pressing force is applied flows from the transmis-
sion conductor 11Y to the reception conductor 12 (refer to
FIG. 7(B)).

[0136] The resistance value of the variable resistor VR at
the contacting location of the reception resistive element 14X
and the transmission resistive element 13Y decreases as the
contact area between them increases, and the current flowing
through the variable resistor VR increases as the contact area
increases. As described above, the faces at which the trans-
mission resistive element 13Y and the reception resistive
element 14X contact with each other have very small con-
vexes and concaves formed thereon, and as the pressing force
of'the pointer 18 to the pointing input surface 1008 increases,
the air gap between the convexes and the concaves disappears
and the contact area between the reception resistive element
14X and the transmission resistive element 13Y increases.

[0137] Accordingly, when pressing force is applied from
the pointer 18 to the pointing input surface 100S, at the
location at which the pressing force is applied, current flows
from the transmission conductor 11Y to the reception con-
ductor 12X through the variable resistor VR, and conse-
quently, the current value increases in response to the pressing
force. In short, when no pressing force is applied, since the
transmission resistive element 13 and the reception resistive
element 14 do not contact with each other, no current flows
through the variable resistor VR and the current obtained
from the reception conductor group 12 exhibits the reference
value ref. However, when pressing force is applied to place
the transmission resistive element 13 and the reception resis-
tive element 14 into a mutually contacting state, then current
flows through the variable resistor VR, and the current flow-
ing from the reception conductor 12X varies in a direction in
which it increases from the reference value ref.

[0138] The current variation in the direction in which the
current increases from the reference value ref is detected to
detect the pressing force applied to the pointing input surface
1008 by the pointer 18. Then, the position at a cross point at
which the current variation in the increasing direction from
the reference value ref'is detected to detect the pointing input
position at which the pressing force is applied by the pointer
18 to the pointing input surface 100S.
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[0139] As described above, detection of a pointing input
operation that entails application of the pressing force by the
pointer 18 to the pointing input surface 100S is carried out in
accordance with a resistive film method.

[0140] In this resistive film method also, current obtained
from the reception conductor 12X is converted into a voltage
by the reception section 300 similarly as in the case of the
electrostatic coupling method. However, the resistive film
method is different from the electrostatic coupling method in
that the element for current detection is not a capacitor but a
resistor.

[0141] FIG. 8 is a view showing an example of a basic
configuration of an I/V conversion circuit according to the
resistive film method. An I/V conversion circuit provided for
a reception signal (current signal) supplied from a reception
conductor 12X to the reception section 300 in the resistive
film method is configured by connecting a detecting resistor
54 across an operational amplifier 51 as shown in FIG. 8.
[0142] As described above, in the present embodiment, the
sensor section 100 can carry out both the pointer detection
(including hovering detection) based on the electrostatic cou-
pling method and the pointer detection (including pointing
pressure detection) based on the resistive film method.
[0143] The control circuit 40 determines, based on the
variation of the reception signal (current signal) supplied to
the reception section 300, which one of the electrostatic cou-
pling method and the resistive film method should be used to
execute the detection process of a pointer to be executed by
the reception section 300. In particular, when a current varia-
tion of the reception signal supplied from a reception conduc-
tor 12X to the reception section 300 occurs in a direction in
which the current decreases from the reference value ref, the
control circuit 40 controls the reception section 300 to carry
out pointer detection using the electrostatic coupling method.
However, if a current variation occurs in a direction in which
the current increases from the reference value ref, then the
control d 40 controls the reception section 300 to carry out
detection of a pointer using the resistive film method. Instead
of the control circuit 40, it is also possible to provide a
determination section within the reception section 300 for
determining which one of the pointer detection methods
should be used to execute detection of a pointer so as to
control the reception section 300 in regard to which one ofthe
pointer detection methods should be used.

[0144] Itis to be noted that, in the following description of
the present specification, the pointer detection mode based on
the electrostatic coupling method is referred to as capacitive
touch detection mode, and the pointer detection mode based
on the resistive film method is referred to as resistive touch
detection mode.

<Examples of the Configuration of an I/V Conversion Circuit
Used in the Present Embodiment>

[0145] In the present embodiment, it is necessary for the
1/V conversion circuit to have a configuration which allows
use of both pointer detection methods including the electro-
static coupling method and the resistive film method
described hereinabove. Examples of a configuration of an I/'V
conversion circuit which can carry out both pointer detection
methods including the electrostatic coupling method and the
resistive film method are described below.

[First Configuration Example: FIG. 9]

[0146] FIG. 9 shows a first example of a configuration of an
1/V conversion circuit used in the present embodiment. In the
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first configuration example of the I/V conversion circuit, the
electrostatic coupling method and the resistive film method
are changed over (switched) by a switch circuit 55.

[0147] Inparticular, in this first configuration example, the
switch circuit 55 which can be switched between a terminal C
and a terminal R in response to a switch control signal SW1
from the outside, a detecting capacitor 52 according to the
electrostatic coupling method, and a detecting resistor 54
according to the resistive film method are provided across the
operational amplifier 51.

[0148] Between the terminal C side of the switch circuit 55
and the output side of the operational amplifier 51, the detect-
ing capacitor 52 for the electrostatic coupling method is con-
nected. It is to be noted that the direct current bias resistor 53
is connected to the detecting capacitor 52. Further, between
the terminal R side of the switch circuit 55 and the output of
the operational amplifier 51, the detecting resistor 54 accord-
ing to the resistive film method is connected.

[0149] Inthis first configuration example, the pointer detec-
tion apparatus 1 includes two pointer detection modes includ-
ing a capacitive touch detection mode and a resistive touch
detection mode. The switch control signal SW1 is generated
in the control circuit 300 or the reception section 300 based on
a result of the determination made by a determination section
for determining which one of the electrostatic coupling
method and the resistive film method described above should
be used as the pointer detection method to execute the pointer
detection process, and is supplied to the switch circuit 55. In
other words, the control circuit 40 or the reception section 300
generates the switch control signal SW1 based on a current
signal inputted from the sensor section 100.

[0150] In the capacitive touch detection mode, the switch
circuit 55 is changed over to the terminal C side in accordance
with the switch control signal SW1 to connect the detecting
capacitor 52 across the operational amplifier 51.

[0151] Meanwhile, in the resistive touch detection mode,
the switch circuit 55 is changed over to the terminal R side in
accordance with the switch control signal SW1 to connect the
detecting resistor 54 across the operational amplifier 51.
[0152] Itisto benoted that, while, in the example of FIG. 9,
the switch circuit 55 is provided on the input end side of the
operational amplifier 51, of course the switch circuit 55 may
otherwise be provided on the output end side of the opera-
tional amplifier 51.

[Second Example of the Configuration: FIG. 10]

[0153] The second configuration example is an example of
an I/V conversion circuit which can be used commonly in the
two modes including the capacitive touch detection mode and
the resistive touch detection mode. In other words, the second
configuration example is an example which eliminates the
necessity for changeover (switching) based on the capacitive
touch detection mode and the resistive touch detection mode.
[0154] FIG. 10 shows the second configuration example of
an I/V conversion circuit used in the present embodiment. In
this second configuration example of the I/V conversion cir-
cuit, a detecting capacitor 52 for the electrostatic coupling
method and a detecting resistor 54 for the resistive film
method are connected in parallel across the operational
amplifier 51.

[0155] In this instance, a direct current bias resistor 53 is
connected to the detecting capacitor 52, as shown in FIG. 5.
Accordingly, if the detecting resistor 54 of the resistive film
method has an inductance value equal to that of the direct
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current bias resistor 53 of the detecting capacitor 52, then a
mode switch circuit 55 as in the first configuration example is
not required. In particular, in this instance, where the capaci-
tance of the detecting capacitor 52 is represented by C, if the
resistance R of the detecting resistor 54 satisfies

R=1/jC

then the I/V conversion circuit can be configured so as to have
the second configuration example.

[0156] In the present second configuration example,
switching between the capacitive touch detection mode and
the resistive touch detection mode is basically unnecessary. It
is to be noted that, where it is to be detected which detection
mode has been used to carry out pointer detection and a result
of'the mode detection is to be outputted, similarly to the first
configuration example described above, the control circuit 40
or the reception section 300 is configured to determine which
one of the detection methods should be used to carry out
position detection and a result of the determination is output-
ted.

<Description of a Configuration for Detecting a Pointing
Input Position (Cross Point Position) of a Pointer>

[0157] Inthe present embodiment, regarding the manner of
detection of a pointing input position of a pointer, the same
detection processing operation is carried out in both a case of
pointer detection by the electrostatic coupling method and
another case of pointer detection by the resistive film method.
[0158] If pointer detection by the electrostatic coupling
method and pointer detection by the resistive film method are
executed with regard to all cross points between the transmis-
sion conductors 11Y and the reception conductors 12X, then
position detection is possible regarding at which cross point a
pointing input operation is carried out by a pointer.

[0159] In this instance, if one (one kind of) transmission
signal is successively supplied to the transmission conductors
at all cross points and the reception section 300 carries out
pointer detection regarding a reception signal from a recep-
tion conductor at a cross point at which the transmission
signal is supplied to a transmission conductor, then detection
of' the pointing input position of the pointer is possible. How-
ever, since this results in execution of pointer detection for
each one of a large number of cross points, a long time is
required before a result of pointer detection is obtained with
regard to all cross points of the pointing input surface 100S,
which is not preferable in practical use.

[0160] On the other hand, it is also possible to prepare a
plurality of transmission signals equal to the number of the
transmission conductors 11Y and provide an I/V conversion
circuit for each of the reception conductors 12X in the recep-
tion section 300 to carry out pointer detection. In this
instance, transmission signals different from each other and
capable of being discriminated by the reception section 300
are supplied at the same time to all transmission conductors
11Y, and the reception section 300 converts reception signals
from all reception conductors at the same time into voltage
signals by respective I/V conversion circuits to carry out
pointer detection. Since the reception section 300 can obtain
a result of pointer detection with regard to all cross points of
the pointing input surface 100S by processing the reception
signals from the plural I/V conversion circuits at the same
time, a processing result can be obtained at a very high speed.
[0161] However, where this measure is taken, there is a
problem that the hardware configuration becomes very large
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and the cost becomes high and additionally the pointer detec-
tion apparatus becomes large in size.

[0162] Taking this problem into consideration, in the
present embodiment, the transmission section 200 and the
reception section 300 are configured so that a pointer detec-
tion result can be obtained at a high speed while ensuring that
the hardware configuration does not become very large.
[0163] Inparticular, in the present embodiment, a plurality
of transmission conductors 11Y of the transmission conduc-
tor group 11 are divided into a plurality of groups each includ-
ing an equal plural number of transmission conductors 11Y,
and different transmission signals are allocated to the differ-
ent groups. In the following description, a group of a plural
number of transmission conductors 11Y is referred to as a
transmission block. As the different transmission signals,
different spread codes of different codes are used as herein-
after described, in the present embodiment.

[0164] In the present embodiment, to those transmission
conductors 11Y selected in each of the plural transmission
blocks each including plural transmission conductors 11Y,
the transmission signals different from each other are sup-
plied at the same time in a synchronized relationship. Then, in
each of the transmission blocks, the one transmission con-
ductor to be selected is switched from the one to the other, and
then different transmission signals are again supplied to the
newly selected transmission conductors 11Y in the different
transmission blocks, respectively, simultaneously in synchro-
nism with each other. If supply of transmission signals to all
transmission conductors 11Y in the transmission blocks is
completed, then the transmission conductors 11Y that were
selected first in the individual transmission blocks are to be
selected again, and the processes described are repeated.
[0165] Consequently, to each of the reception conductors
12X, a current in accordance with different transmission sig-
nals (voltage signals) from a plurality of transmission blocks
flows in a multiplexed state. Further, as hereinafter described,
the reception section 300 is configured such that it can detect
the current signals from the reception conductors 12X in
synchronism with the transmission timing of the transmission
signals.

[0166] In particular, since, in the present embodiment,
spread codes of different codes are used as the transmission
signals, correlation values of the different spread codes are
detected simultaneously and concurrently. Then, a variation
of the current flowing to the reception conductors 12X is
detected based on the detected correlation values to obtain a
detection output regarding which cross point on the pointing
input surface 100S is pointed to (and inputted) by a pointer.
[0167] In order to implement such operation of the trans-
mission section 200 and the reception section 300 as
described above, the control circuit 40 controls the
changeover (switching) timing of the reception conductors
12X of the reception section 300 in synchronism with the
changeover (switching) timing described hereinabove with
regard to a plurality of transmission conductors 11Y in the
transmission blocks.

[0168] By such a configuration as described above, if the
number of transmission blocks is represented by N(N is an
integer equal to or higher than 2), then the pointer detection
process can be carried out at a speed as high as N times that of
the case where all cross points are searched sequentially (i.e.,
in a processing time equal to 1/N).

[Example of the Configuration of the Transmission Section
200: FIGS. 11 to 13]

[0169] In order to satisfy the function described above, the
transmission section 200 in the present embodiment is con-
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figured including a transmission signal supplying circuit 21, a
transmission conductor selection circuit 22, and a clock gen-
eration circuit 23.

[0170] Inthe present embodiment, the 64 transmission con-
ductors 11Y, to 11Y, are divided, for example, into 16 trans-
mission blocks TB, to TB, ¢ each including four transmission
conductors. Accordingly, while it is necessary for the trans-
mission signal supplying circuit 21 to generate 16 different
transmission signals, in the present example, 16 different
spread codes are used as the transmission signals.

[0171] It is to be noted that, as different spread codes, for
example, spread codes obtained by successively shifting the
phase of one spread code by one chip or by a plurality of chips
can be used.

[0172] Particularly in the present example, the Hadamard
matrix of 16 rowsx16 columns as shown in FIG. 12 in con-
formity with the number of transmission blocks is assumed,
and Hadamard codes of 16 chips of individual rows (or simi-
larly of individual columns) which form the Hadamard matrix
are used as 16 spread codes C, to C,4. The 16 Hadamard
codes are code strings having an orthogonal relationship to
each other.

[0173] The transmission signal supplying circuit 21 of the
present example is formed from 16 spread code generation
circuits 2101,2102, .. .,2116 as shown in FIG. 11. The spread
code generation circuits 2101, 2102, . . . , 2116 generate
spread codes C,, C,, . . ., C, s formed from Hadamard codes
orthogonal to each other.

[0174] To the spread code generation circuits 2101, 2102, .
. ., 2116, the clock signal CLK is inputted from the clock
generation circuit 23. It is to be noted that the clock signal
CLK outputted from the clock generation circuit 23 is input-
ted as a timing signal also to the control circuit 40.

[0175] The spread code generation circuits 2101, 2102, . ..
, 2116 output spread codes C,, C,, . . ., C, 4, respectively, for
each one chip in synchronism with the clock signal CLK
supplied thereto from the clock generation circuit 23 under
the control of the control circuit 40. In the present example,
the spread code generation circuits 2101, 2102, . . ., 2116
generate data of one chip of spread codes for each one cycle
of'the clock signal CLK to generate the spread codes C,, C,,
..., C, ¢ individually formed from 16 chips PN, PN,, ...,
PN, ; within 16 cycles of the clock signal CLK. In particular,
the spread code generation circuits 2101, 2102, . . ., 2116
generate spread codes C,, C,, . . ., C, ; formed from 16 chips
PNy, PN,, ..., PN, cyclically and repetitively for each 16
cycles of the clock signal CLK.

[0176] Itisto be noted that, in the following description, 16
cycles of the clock signal CLK for the 16 chips PN, PN,, ..
., PN are referred to as one cycle for the spread codes C,,
C,, ..., C,4 for the convenience of description.

[0177] The spread code generation circuits 2101, 2102, . ..
, 2116 supply the generated spread codes C,, C,, ..., C s t0
the transmission conductor selection circuit 22.

[0178] Itis to be noted that the transmission signal supply-
ing circuit 21 may be configured otherwise such that data of
the spread codes C, C,, . . ., C, 4z are retained in advance in a
nonvolatile memory formed from a ROM or the like and the
read address of the nonvolatile memory is controlled so as to
output the plural spread codes C,, C,, ..., Cj,.

[0179] As shown in FIG. 11, the transmission conductor
selection circuit 22 includes 16 switch circuits 2201 to 2216
individually corresponding to the 16 transmission blocks TB,
to TB, 4. Each of the switch circuits 2201 to 2216 is a 1-input
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4-output switch circuit. To the switch circuits 2201 to 2216,
the spread codes C,, C,, . . ., C,4 from the individually
corresponding spread code generation circuits 2101 to 2116
are inputted, respectively. Then, each of the switch circuits
2201 to 2216 selectively connects one of the four transmis-
sion conductors 11Y which configure a corresponding one of
the transmission blocks TB, to TB, s to a corresponding one of
the spread code generation circuits 2101 to 2116 at the pre-
ceding stage and supplies a spread code.

[0180] The switch circuit 2201 corresponds to the transmis-
sion block TB, and successively switches the transmission
conductor, to which the spread code C, inputted to the switch
circuit 2201 is to be supplied, one by one among the four
transmission conductors 11Y,, 11Y,, 11Y; and 11Y,, of the
transmission block TB,. Meanwhile, the switch circuit 2202
corresponds to the transmission block TB, and successively
switches the transmission conductor, to which the spread
code C, inputted to the switch circuit 2202 is to be supplied,
one by one among the four transmission conductors 11Y,
11Y,, 11Y,, and 11Y of the transmission block TB,. This
similarly applies also to the other switch circuits 2203 to
2216, and the transmission conductor to which an inputted
spread code is to be supplied is successively switched one by
one among the four transmission conductors of the corre-
sponding one of the transmission blocks TB; to TB,.
[0181] To the switch circuits 2201 to 2216, a switch control
signal SW2 is supplied from the control circuit 40. The con-
trol circuit 40 generates this switch control signal SW2 from
the clock signal CLK. The control circuit 40 generates the
switch control signal SW2 as a pulse signal whose one cycle
corresponds to 16 cycles of the clock signal CLK which
correspond to one cycle of the spread codes.

[0182] The switch circuits 2201 to 2216 switches a trans-
mission conductor 11Y to which a spread code is to be sup-
plied for each 16 cycles of the clock signal CLK in accor-
dance with the switch control signal SW2. In particular, the
switch circuits 2201 to 2216 switch, in accordance with the
switch control signal SW2, from the transmission conductor
11Y to anext transmission conductor 11Y after they complete
supply for one cycle of the spread codes formed from 16 chips
to a transmission conductor 11Y which is currently selected.
[0183] Anexample of changeover (switching) operation of
the switch circuits 2201 to 2216 at this time is illustrated in
FIG. 13. In the example of FIG. 13, the switch circuits 2201
to 2216 first select the 16 transmission conductors 11Y,,
11Y,, ..., 11Y 4, and 11Y .. Then, the spread codes C,, C,,
..., Cys, Cj¢ are supplied to the transmission conductors
11Y,, 11Y,, . . ., 11Y 4, and 11Y, selected by the switch
circuits 2201 to 2216, respectively.

[0184] If a period for 16 cycles of the clock signal CLK
elapses in this state, then the spread codes C,, C,, ..., Cy5,
C, for one cycle are fully supplied to the 16 transmission
conductors 11Y,,11Y,, . .., 11Y, and 11Y,, respectively.
Then, at this point of time, the switch circuits 2201 to 2216
switch the transmission conductors 11Y to be selected to the
next transmission conductors, which have, in the present
example, smaller index numbers, in accordance with the
switch control signal SW2.

[0185] Then, after the transmission conductors 11Y,,
11Y,, ..., 11Y,, and 11Y, of the lowest index numbers in
the transmission blocks TB, to TB,4 are selected by the
switch circuits 2201 to 2216 and supply of the spread codes
C, to C,, is carried out, the transmission conductors 11Y,,
11Y,, ..., 11Y 4, and 11Y ¢, having the highest index numbers
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in the individual transmission blocks are selected again by the
switch circuits 2201 to 2216, respectively. As the changeover
operation described above is repeated in the individual trans-
mission blocks, the spread codes C, to C, ; are supplied to all
transmission conductors 11Y.

[0186] Since, in the transmission section 200, changeover
of'the transmission conductors 11Y is carried out in a plural-
ity of transmission blocks in synchronism in such a manner as
described above, a plurality of spread codes different among
different transmission blocks are supplied at the same time to
a plurality of transmission conductors 11Y. Accordingly, the
time required to supply the transmission signals to all of the
transmission conductors of the sensor section 100 can be
reduced to one to the number of transmission blocks where a
transmission signal is supplied to each of the plural transmis-
sion conductors sequentially. Therefore, the time required to
supply the transmission signals to all transmission conductors
of the sensor section 100 can be reduced.

[0187] Further, in comparison with the case in which trans-
mission signals different from each other are prepared for all
transmission conductors 11Y, although the time required to
supply the transmission signals to all transmission conductors
of the sensor section 100 becomes long, since a plurality of
spread codes to be supplied as transmission signals can be
reduced to one to the number of transmission blocks, the
circuit scale can be reduced as much and can be made a
comparatively small scale.

[0188] Itisto be noted that the procedure of the changeover
operation of the switch circuits 2201 to 2216 is not limited to
the example described above. For example, although
changeover of the transmission conductors 11Y in each trans-
mission block is carried out for each one cycle of the spread
codes, it may be carried out otherwise for each plural number
of cycles of the spread codes. Further, the spread codes may
be generated such that one chip thereof is generated for each
number of cycles of the clock signal CLK equal to the number
of transmission conductors in each transmission block
whereas changeover of the transmission conductor 11Y in
each transmission block is carried out for each one cycle of
the clock signal CLK.

[Example of the Configuration of the Reception Section 300:
FIGS. 14 to 22]

[0189] The reception section 300 carries out the signal pro-
cessing for amplifying reception signals (currents) obtained
from the reception conductors 12X and detecting the current
variation described hereinabove to carry out detection of a
pointer.

[0190] Here, if the signal processing is carried out succes-
sively for the reception signals obtained from the reception
conductors 12X, then a long time is required before comple-
tion of the signal processing. Therefore, it is possible to
provide a processing circuit for exclusive use in carrying out
the signal processing for each of the reception conductors
12X such that the signal processing is carried out simulta-
neously for all reception signals to implement high speed
processing. However, this is not realistic in view of the large
circuit scale and the high cost.

[0191] Therefore, in the present embodiment, the reception
section 300 is configured such that a processing circuit is used
commonly for a plurality of reception conductors 12X to
reduce the circuit scale. In particular, the plural reception
conductors 12X of the reception conductor group 12 are
divided into a plurality of groups each including an equal
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plural number of reception conductors 12X, and an amplifier,
an I/V conversion circuit and so forth are provided for each of
the groups. In the following description, a group including a
plurality of reception conductors 12X is referred to as a detec-
tion block.

[0192] Inthe present example, the plural reception conduc-
tors 12X, to 12X, which form the reception conductor
group 12 are divided into 16 detection blocks DB, to DB ¢
each including eight reception conductors as shown in FIG.
14. Then, from among the eight reception conductors 12X
included in each of the 16 detection blocks DB, to DB, , one
reception conductor 12X is successively and switchably
selected to execute the processing of the reception section
300. By this configuration, the processing for all reception
conductors 12X can be carried out in a period of processing
time equal to one to the number of detection blocks in com-
parison with the case wherein the reception signals from all of
the reception conductors 12X are successively processed one
by one. Consequently, a higher processing speed can be
achieved.

[0193] As shown in FIG. 1, the reception section 300 is
configured including a reception conductor selection circuit
31, an amplification circuit 32, an A/D (Analog to Digital)
conversion circuit 33, and a position detection circuit 34. The
position detection circuit 34 forms detection means for
obtaining a pointer detection output based on an output of the
A/D conversion circuit 33. In the present embodiment, since
a plurality of spread codes having different codes from each
other are used for the transmission signals, the position detec-
tion circuit 34 includes a calculation processing circuit 35 for
detecting a plurality of spread codes having different codes
from each other and an outputting circuit 36 for outputting a
pointer detection output.

[0194] The calculation processing circuit 35 will be here-
inafter described in detail. The outputting circuit 36 obtains
an output corresponding to the pointing input position, a
hovering state, or a pressing force of the pointer based on a
correlation value output detected by the calculation process-
ing circuit 35, and signals the output as an output signal of the
pointer detection apparatus 1.

[Example of the Configuration of the Reception Conductor
Selection Circuit 31: FIGS. 14 and 15]

[0195] Inthe present embodiment, the plural reception con-
ductors 12X, to 12X, ,; which form the reception conductor
group 12 are divided into 16 detection blocks DB, to DB
each including eight reception conductors as described here-
inabove.

[0196] Further, as shown in FIG. 14, the reception conduc-
tor selection circuit 31 is configured including 16 switch
circuits 3101 to 3116 corresponding to the detection blocks
DB, to DB, . Each of the switch circuits 3101 to 3116 is an
8-input 1-output switch circuit. To the switch circuits 3101 to
3116, reception signals from the eight reception conductors
12X of corresponding ones of the detection blocks DB, to
DB, are inputted, respectively. Then, each of the switch
circuits 3101 to 3116 selects and connects one of the eight
reception conductors 12X of a corresponding one of the
detection blocks DB, to DB, 4 to a corresponding one of I/'V
conversion circuits 3201 to 3216 of the amplification circuit
32 at the succeeding stage to supply the corresponding recep-
tion signal.

[0197] In particular, the switch circuit 3101 corresponds to
the detection block DB, and changes over (switches between)
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the eight reception conductors 12X, 12X, . .., 12X, of the
detection block DB, successively one by one. Meanwhile, the
switch circuit 3102 corresponds to the detection block DB,
and changes over the eight reception conductors 12X,
12X 0, - . -, 12X, ¢ of the detection block DB, successively
one by one. This similarly applies also to the other switch
circuits 3103 to 3116, and the eight reception conductors in
corresponding ones of the detection blocks DB; to DB, ¢ are
changed over (switched) successively one by one.

[0198] To the switch circuits 3101 to 3116, a switch control
signal SW3 is supplied from the control circuit 40. The con-
trol circuit 40 generates the switch control signal SW3 from
the clock signal CLK. The control circuit 40 generates the
switch control signal SW3 as a pulse signal having one cycle
equal to 16x4 cycles of the clock signal CLK (equal to four
cycles of the spread codes).

[0199] The switch circuits 3101 to 3116 change the recep-
tion conductor 12X to be selected for every 16x4 cycles of the
clock signal CLK in accordance with the switch control sig-
nal SW3. In particular, each of the switch circuits 3101 to
3116 changes the reception conductor of a corresponding one
of the detection blocks DB, to DB, to the next reception
conductor 12X every time the supply ofthe 16 types of spread
codes to all of the transmission conductors 11Y is completed.
[0200] Then, output signals S, to S, from the switch cir-
cuits 3101 to 3116 are supplied to the amplification circuit 32.
[0201] Anexample of changeover (switching) operation of
the switch circuits 3101 to 3116 at this time is illustrated in
FIG. 15. In the example of FIG. 15, the switch circuits 3101,
3102,. .., 3116 first select the 16 reception conductors 12X,
12X, ...,12X,,, and output reception signals obtained from
the reception conductors 12X, 12X, . . ., 12X,,, as output
signals S,, S, . . ., S, to the amplification circuit 32.

[0202] Ifatime period corresponding to 16x4 cycles of the
clock signal CLK elapses in this state, then the supply of the
spread codes C,, C,, . .., C,5, C,4 for one cycle to all of the
transmission conductors 11Y is completed. Then at this point
of time, the switch circuits 3101 to 3116 are switched in
accordance with the switch control signal SW3 into a state in
which those adjacent reception conductors individually hav-
ing a greater index number are selected as the reception
conductors 11X to be selected.

[0203] Then, after the reception conductors 12X, 12X, ., .
.. s 12X, and 12X, having the highest index numbers in
the detection blocks DB, to DB, ; are selected by the switch
circuits 2201 to 2216 and supply of the spread codes C, to C 4
is carried out, the reception conductors 12X, 12X, . . .,
12X, ,, having the lowest index numbers in the detection
blocks are again selected by the switch circuits 3101 to 3116,
respectively. As the changeover operation described above is
repeated in the detection blocks, reception signals from all of
the reception conductors 12X can be obtained.

[0204] Reception signals (current signals) each from one of
the reception conductors 12X in the detection blocks DB, to
DB, ; obtained from the switch circuits 3101 to 3116 of the
reception conductor selection circuit 31 in such a manner as
described above are outputted as the output signals S|, S,, . .
-3 Si6

[0205] It is to be noted that, in the switch circuits 3101 to
3116, those reception conductors 12X which are not selected
are preferably connected to an arbitrary reference potential or
the ground. By connecting the reception conductors 12X
which are not selected to an arbitrary reference potential or
the ground in the switch circuits 3101 to 3116 in this manner,
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noise can be led to the reception conductors 12X which are
not selected, and consequently, the noise resisting property
can be improved. Also it is possible to reduce wraparound of
a transmission signal. Furthermore, the procedure of the
changeover operation of the reception conductors 12X is not
limited to the example described above. Modifications are
hereinafter described in detail.

[Example of the Configuration of the Amplification Circuit
32: FIG. 14]

[0206] The amplification circuit 32 includes 16 I/'V conver-
sion circuits 3201, 3202, . . ., 3216 corresponding to the
detection blocks DB, to DB, respectively.

[0207] In the present embodiment, an example is shown
wherein each of the I/V conversion circuits 3201 to 3216 is
configured such that the detecting capacitor 52 and the detect-
ing resistor 54 are switched therebetween by the switch cir-
cuit 55 depending upon the capacitive touch detection mode
and the resistive touch detection mode, as illustrated in FIG.
9. It is to be noted that, while, in FIG. 14, an internal circuit
only of the I/V conversion circuit 3201 is shown, internal
circuits of the other I/V conversion circuits 3202 to 3216 are
the same as the internal circuit of the I/V conversion circuit
3201, and therefore, illustration of them is omitted.

[0208] TheoutputsignalsS,,S,,..., S, sfromthereception
conductor selection circuit 31 are supplied to the I/V conver-
sion circuits 3201, 3202, . . . , 3216 for corresponding blocks
of the amplification circuit 32, respectively.

[0209] Thel/V conversion circuits 3201 to 3216 convert the
output signals (current signals) S,, S,, ..., S, s of the detection
blocks DB, to DB, ; from the switch circuits 3101 to 3116 of
the reception conductor selection circuit 31 into voltage sig-
nals and amplify and output the voltage signals. The output
signals S, S,, . .., S;4 converted into the voltage signals by
the I/V conversion circuits 3201 to 3216 are inputted to the
A/D conversion circuit 33.

[0210] The pointer detection apparatus 1 of the present
embodiment has the capacitive touch detection mode and the
resistive touch detection mode, and the control circuit 40
carries out mode management and mode switching control.
[0211] As hereinafter described, the control circuit 40
determines based on information from the reception section
300 which one of the capacitive touch detection mode and the
resistive mode detection mode should be used as the detection
mode to detect a pointer, and generates a mode switching
control signal SW1 in response to a result of the determina-
tion. Then, the control circuit 40 supplies the generated mode
switching control signal SW1 to the switch circuits 55 of the
1/V conversion circuits 3201 to 3216 to carry out mode
switching.

[Example of the Configuration of the A/D Conversion Circuit
33: FIG. 16]

[0212] The A/D conversion circuit 33 includes a number of
A/D converters equal to the number of detection blocks, that
is, 16 A/D converters 3301 to 3316. The output signals S, S,,
..., S, converted into voltage signals by the I/V conversion
circuits 3201 to 3216 are supplied to the A/D converters 3301,
3302,..., 3316, by which they are sampled at a timing of the
clock signal CLK. Then, the A/D converters 3301, 3302, . . .
, 3316 convert the respective sample values into digital
sample data of n bits (n is an integer equal to or greater than
2), for example, of 8 bits, and outputs the digital sample data.
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[0213] The digital sample data of the output signals S,, S,,
., Sy outputted from the A/D conversion circuit 33 are
supplied to the calculation processing circuit 35 of the posi-
tion detection circuit 34. Accordingly, the digital sample data
are signals corresponding to chips of the spread codes sup-
plied to the transmission conductors 11Y of the sensor section
100. However, since a current obtained by simultaneous and
synchronized supply of the 16 kinds of spread codes to the 16
transmission conductors 11Y flows in an multiplexed state in
each of the reception conductors 12X from which the output
signals S, S,, ..., S, are obtained, the digital sample data of
the output signals S, S,, . . ., S, corresponding to the chips
of the spread codes are synthesized (added) values of the
chips of the 16 kinds of spread codes.
[0214] It is to be noted that the A/D conversion circuit 33
may not necessarily be formed from the 16 A/D converters
3301 to 3316 but be formed from a single A/D converter or a
plural number of A/D converters other than 16.

[Example of the Configuration of the Position Detection Cir-
cuit 34: FIG. 16]

[0215] The position detection circuit 34 forms detection
means for carrying out pointer detection from digital sample
data supplied from the A/D conversion circuit 33. Since a
plurality of spread codes having codes different from each
other are used as transmission signals, the position detection
circuit 34 includes a calculation processing circuit 35 for
detecting the plural spread codes of the different codes, and an
outputting circuit 36 for outputting a result of the pointer
detection.

[0216] The calculation processing circuit 35 is hereinafter
described in detail. The outputting circuit 36 obtains an out-
put corresponding to the pointing input position, a hovering
state, or a pressing force of a pointer based on correlation
values detected by correlation value calculation circuits 3501
to 3516 of the calculation processing circuit 35 and signals the
obtained output as an output signal of the pointer detection
apparatus 1.

[0217] The calculation processing circuit 35 includes a
number of correlation value calculation circuits equal to the
number of detection blocks, that is, 16 correlation value cal-
culation circuits 3501, 3502, . . ., 3516. The digital sample
data of the output signals S,, S,, . .., S, are supplied to the
correlation value calculation circuits 3501, 3502, . . ., 3516,
respectively.

[0218] Although details are hereinafter described, the cor-
relation value calculation circuits 3501, 3502, . . ., 3516
include shift registers for retaining the digital sample data of
the output signals S,, S,, . . ., S, ; corresponding to one cycle
of the spread codes. Further, the digital sample data of the
outputsignals S;, S,, ..., S, s are retained for one cycle of the
spread codes into the shift registers of the correlation value
calculation circuits 3501, 3502, . . . , 3516 in synchronism
with the clock signal CLK.

[0219] Then, the correlation value calculation circuits
3501, 3502, . . ., 3516 carry out correlation calculation
between the digital sample data of the output signals S, S,, .
..» S, ¢ retained in the shift registers and a code for correlation
value calculation and outputs correlation values of them.
[0220] Then, the correlation values calculated by the cor-
relation value calculation circuits 3501, 3502, . . ., 3516 are
supplied to the outputting circuit 36.

[0221] This outputting circuit 36 includes a storage circuit
36M and a position calculation circuit 361. The outputting



US 2011/0234508 Al

circuit 36 writes and temporarily retains the correlation val-
ues calculated by the correlation value calculation circuits
3501, 3502, . . ., 3516 in the storage circuit 36M. Then, the
correlation values stored in the storage circuit 36M are sup-
plied to the position calculation circuit 361. The position
calculation circuit 361 generates output data of a predeter-
mined output format from the correlation value data of the
storage circuit 36M and outputs the generated output data.
The processing and the output data of the outputting circuit 36
are hereinafter described.

<Example of the Position Calculation Circuit 361>

[0222] The position calculation circuit 361 compares all of
the correlation values stored in the storage circuit 36M and a
reference value ref with each other and detects a cross point at
which a correlation value different from the reference value
ref is obtained.

[0223] In particular, if the position calculation circuit 361
detects a cross point at which a correlation value different
from the reference value ref is obtained, then it detects a
corresponding coordinate position of the cross point from the
address position of the storage circuit 36M at which the
correlation value is stored. By comparing the correlation val-
ues and the reference value ref with each other in this manner,
the position calculation circuit 361 can carry out pointer
detection independently for each cross point. Therefore, also
when pointing input is carried out by a plurality of pointers at
the same time on the pointing input surface 100S, the plural
pointers can be detected simultaneously. For example, where
the pointing input surface 100S is touched simultaneously by
10 fingers, the position calculation circuit 361 can detect all
inputting pointed positions by the 10 fingers.

[0224] Further, in such a case that, for example, a finger is
brought into contact with the pointing input surface in a
horizontally lying state so as to cover a plurality of cross
points, a correlation value indicative of detection of a pointer
is obtained at each of the plural cross points. Accordingly, the
position calculation circuit 361 can obtain a pointer detection
result corresponding to the pointing input state of the finger.
[0225] It is to be noted that, where a correlation value
different from the reference value ref'is obtained from among
a plurality of cross points and the cross points are positioned
adjacent to each other, the area occupied by the plural cross
points may be calculated as a pointer detection output.
[0226] Further, the position calculation circuit 361 decides,
depending upon whether a correlation value which exceeds
the reference value ref exists among the correlation values
stored in the storage circuit 36M, whether the correlation
values stored in the storage circuit 36M indicate a detection
result of a pointer by the capacitive touch detection mode or
a detection result of a pointer by the resistive touch detection
mode, and outputs a result of the detection, for example, as a
flag. Accordingly, if the outputted flag indicates the capacitive
touch detection mode, then this represents that a pointer is in
a state in which it is spaced from or is in contact with the
pointing input surface 100S. On the other hand, if the output-
ted flag indicates the resistive touch detection mode, then this
represents that a pointer is in a state in which it is pressing the
pointing input surface 100S.

[0227] Then, when the correlation values stored in the stor-
age circuit 36M are the reference value ref or lower, that is,
when it is decided that the correlation values stored in the
storage circuit 36 M indicate a detection result of a pointer by
the capacitive touch detection mode, the position calculation
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circuit 361 in the present embodiment additionally carries out
detection of a hovering state. On the other hand, where the
correlation values stored in the storage circuit 36M are higher
than the reference value, that is, where the correlation values
stored in the storage circuit 36M indicate a detection result of
a pointer in the resistive touch detection mode, then the posi-
tion calculation circuit 361 additionally carries out detection
of a pressing force by the pointer.

[Description of an Example of the Switching Timing of the
Transmission Conductors and the Reception Conductors:
FIG. 17]

[0228] Now, a switching timing of the transmission con-
ductors 11Y and a switching timing of the reception conduc-
tors 12X are described with reference to FIG. 17.

[0229] As described hereinabove, the 16 kinds of spread
codes C, to C, individually formed from 16 chips are gen-
erated in synchronism with each other for a period of 16
cycles of the clock signal CLK (refer to FIG. 17(B)). The
switch circuits 2201 to 2216 of the transmission conductor
selection circuit 22 are switched every 16 cycles of the clock
signal CLK in accordance with the switch control signal SW2
(refer to FIG. 17(C)) from the control circuit 40.

[0230] The 16 spread codes C, to C, 5 are supplied simul-
taneously in synchronism with each other to one transmission
conductor each of the 16 transmission blocks TB, to TB,4 in
response to the switching of the switch circuits 2201 to 2216.
Then, the 16 spread codes C, to C, 4 are supplied to all of the
four transmission conductors 11Y in each of the 16 transmis-
sion blocks TB, to TB,, within 16x4 cycles of the clock
signal CLK. In other words, the 16 kinds of spread codes C,
to C, ¢ are supplied to all transmission conductors 11Y of the
sensor section 100 in 16x4 cycles of the clock signal CLK.

[0231] Inparticular, the 16 spread codes C, to C, 4 are sup-
plied to all of the transmission conductors 11Y within a
period of 16x4 cycles of the clock signal CLK within which
an output signal is obtained from one reception conductor
each of the 16 detection blocks DB, to DB ;. Then, since the
reception conductor selected in each of the 16 detection
blocks DB, to DB, 4 is changed (switched) for every 16x4
cycles of the clock signal CLK, the spread codes C, to C, ;are
supplied to all of the transmission conductors 11Y of the
sensor section 100. Then, the operation described above is
repeated.

[0232] Onthe other hand, in the reception conductor selec-
tion circuit 31, the switch circuits 3201 to 3216 are changed
(switched) every 16x4 cycles of the clock signal CLK in
accordance with the switch control signal SW3 (refer to FIG.
17(A)) from the control circuit 40. As shown in FIG. 17(A),
based on the switching of the switch circuits 3201 to 3216,
within a period of 16x4 cycles of the clock signal CLK, a
reception signal is obtained from one reception conductor
each of each of the 16 detection blocks DB, to DB, .

[0233] Within a period corresponding to 16 cycles of the
clock signal CLK with which the spread codes C, to C, ¢ are
supplied simultaneously in synchronism with each other, that
is, within a period for one cycle of the spread codes, the 16
output signals S, to S, from the reception conductors
selected by the reception conductor selection circuit 31 are
sampled at a timing of the clock signal CLK by the A/D
converters 3301 to 3316, respectively, and the sampled values
are converted into digital sample data. Then, the digital
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sample data are written in parallel to each other in the shift
registers of the correlation value calculation circuits 3501 to
3516 (refer to FIG. 17(D)).

[0234] According to such selection switching control of the
transmission conductors 11Y and the reception conductors
12X as described above, the number of times of selection
switching control of the reception conductors 12X can be
reduced, and noise upon switching which may possibly be
superposed on the output signals from the reception conduc-
tors 12X can be reduced.

[Example of the Configuration of the Correlation Value Cal-
culation Circuits 3501 to 3516: FIGS. 18 and 19]

[0235] Now, an example of the configuration of the corre-
lation value calculation circuits 3501 to 3516 is described.
Since the 16 correlation value calculation circuits 3501 to
3516 have the same configuration, an example of the configu-
ration of the correlation value calculation circuit 3501 which
carries out a correlation value calculation process of the out-
put signal S, is described with reference to FIG. 18.

[0236] The correlation value calculation circuit 3501 is a
circuit for calculating a correlation value between the digital
sample data of the output signal S, outputted from the A/D
converter 3301 and the 16 spread codes C, to C, under the
control of the control circuit 40. The correlation value calcu-
lation circuit 3501 is connected to the A/D conversion circuit
33, the control circuit 40, and the outputting circuit 36, as
shown in FIG. 1.

[0237] The correlation value calculation circuit 3501
includes a shift register 354 which forms a buffer circuit for
delaying a signal, a number (16) of correlators 3556, 355,,
356, . . ., 35b, equal to the number of correlation value
calculating codes C, (k=1, 2, . . ., 16), correlation value
calculating code generation circuits 35¢,, 35¢,, 35¢;, . . .,
35¢, 5,35¢, s for supplying correlation value calculating codes
C. (k=1,2,...,16)to the correlators 355, to 35b , respec-
tively, and a correlation value storage circuit 354.

[0238] The shift register 35a is a circuit for temporarily
retaining the digital sample data outputted from the A/D
converter 3301 and supplying the retained data to the correla-
tors 35b, to 355, simultaneously.

[0239] The shift register 354 is configured from a number
(16)_of D-type flip-flop circuits 354a,, 35a,, 3545, . . ., 35a,5,
354, equal to the code length (chip number) of the spread
codes C,. The D-type flip-flop circuits 35q, 4, 35a,5, 354, .
..,35a,,35a,,35a, form data latch circuits at different stages
of the shift register 354 and are connected in series in this
order from the A/D conversion circuit 33 side. It is to be noted
that, while each of the D-type flip-flop circuits 354, 4, 3545,
..., 35a, is represented by a single D-type flip-flop circuit for
simplified illustration in FIG. 8, actually it is formed from a
number of D-type flip-flops equal to the number of bits of the
digital sample data from the A/D converter 3301.

[0240] Output terminals of each of the D-type flip-flop
circuits 35a, to 354, are connected to a D-type flip-flop
circuit at an adjacent next stage (for example, an output ter-
minal of the D-type flip-flop circuit 354a, 4 is connected to the
D-type flip-flop circuit 354, 5) and also to the correlators 355,
to 355, 4. In other words, the output signals from the D-type
flip-flop circuits 354, to 354, are inputted to all of the corr-
elators 356, to 35b,,.

[0241] Outputs of the D-type flip-flop circuits 354, to 35a 4
which form the individual stages of the shift register 354 are
digital sample data of the output signal S, corresponding to
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the data of the chips of a spread code as described herein-
above. In the following description, output signals for 16
chips from the 16 D-type flip-flop circuits 35a, to 354, are

referred to as output signals PS,, PS,, PS;, ..., PS5, PS
respectively.
[0242] Each ofthe correlators 354, to 355 is a circuit for

calculating a correlation value between the output signal S,
and the spread codes C,. In particular, the correlators 355, to
35b, , multiply the digital sample data PS, to PS, of the
output signal S, outputted from the D-type flip-flop circuits
354, to 354, ; which form the shift register 35a by the chips of
the correlation value calculating codes C,' to C,' inputted
from the correlation value calculating code generation cir-
cuits 35¢, to 35¢ 4, respectively, to thereby calculate a corre-
lation value between the output signal S, and the spread codes
C,.
[0243] The correlation value calculating code generation
circuits 35¢, to 35¢, ; are circuits for supplying the correlation
value calculating codes C,'to C, ' for carrying out correlation
calculation to the correlators 355, to 355, 4, respectively. The
correlation value calculating code generation circuits 35¢, to
35¢, 4 are connected to corresponding ones of the correlators
35b, 10 355, .

[0244] The correlation value calculating codes C,' to C, '
are codes corresponding to the spread codes C, to C, s which
are transmission signals, and where a special code string, for
example, an Hadamard code, is used, the spread codes C, to
C, s from the transmission signal supplying circuit 21 can be
utilized as the correlation value calculating codes C,'to C, .
In this instance, the correlation value calculating code gen-
eration circuits 35¢, to 35¢,¢ are configured as registers for
receiving the spread codes C, to C, from the spread code
generation circuits 2101 to 2116 of the transmission signal
supplying circuit 21. Then, the spread codes C, to C,4 out-
putted from the spread code generation circuits 2101 to 2116
are written as the correlation value calculating codes C,' to
C,¢ into the correlation value calculating code generation
circuits 35¢, to 35¢, of the register configuration, respec-
tively, at a timing of the clock signal CLK.

[0245] It is to be noted that it is otherwise possible to
configure, similarly to the spread code generation circuits
2101 to 2116, the correlation value calculating code genera-
tion circuits 35¢, to 35¢,, from a ROM or the like so as to
generate the correlation value calculating codes C,' to C, '
corresponding to the spread codes C, to C.

[0246] In the following description, data of 16 chips of the
correlation value calculating codes C,' to C, ¢ are referred to

as generation codes PN,', PN,', PN;', . . ., PN/, PN,/,
respectively.
[0247] The correlators 355, to 355, 4 start correlation cal-

culation at a timing at which the digital sample data PS, to
PS, s forone cycle of the spread codes are written into the shift
register 35a (refer to the reception load signal Sr,,, ; herein-
after described).

[0248] Then, the correlator 355, multiplies the same chips
of the output signals PS, to PS,, from the D-type flip-flop
circuits 354, to 354, ; and the generation codes PN,"'to PN, /'
of'the correlation value calculating code C, ', respectively, and
sums the resulting values of the multiplication to calculate a
correlation value. Similarly, the correlator 3556, multiplies the
same chips of the output signals PS, to PS, 4 from the D-type
flip-flop circuits 354, to 354, and the generation codes PN,'
to PN, (' of the correlation value calculating code C,', respec-
tively, and sums the resulting values of the multiplication to
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calculate a correlation value. Similarly, the 16 correlators
356, to 35b, ; multiply the same chips of the digital sample
data PS, to PS, ¢ of the output signal S, and the generation
codes PN, 'to PN ' of the correlation value calculating codes
C,5'to C, ', respectively, and sum the resulting values of the
multiplication to calculate correlation values. Then, the cor-
relators 355, to 355, ; output the calculated correlation values
to the correlation value storage circuit 354.

[0249] Then, when the correlators 3556, to 3556, carry out
correlation calculation between the digital sample data of the
output signal S, retained in the shift register 35a and the
correlation value calculating codes C,'to C, ', and if a pointer
18 does not exist above or on the reception conductor from
which the output signal S, is obtained, then the correlation
values exhibit a fixed value, but if a pointer exists above or on
the reception conductor from which the output signal S, is
obtained, then a correlation value different from the correla-
tion values of the fixed value is obtained.

[0250] The correlation value storage circuit 35d is a storage
section for temporarily storing the correlation values
obtained by the correlation calculation by the correlators 355,
to 35b, 4. The correlation value storage circuit 354 is config-
ured from a plural number of registers 35d, to 354, ¢ equal to
the number of the correlators 355, to 355 .

[0251] As shown in FIG. 11, each of the transmission
blocks TB, to TB,4 is configured from four transmission
conductors 11Y, and one transmission conductor 11Y in each
of the transmission blocks TB, to TB is selected by a cor-
responding one of the switch circuits 2201 to 2216. There-
fore, the transmission conductor group 11 including 64 trans-
mission conductors 11Y is formed of four groups of 16
transmission conductors 11Y to which the spread codes C, to
C, ¢ are supplied simultaneously in synchronism with each
other.

[0252] Then, as described hereinabove with reference to
FIG. 17, the four groups of the transmission conductors 11Y
are changed (switched) every one cycle of the spread codes by
the switch circuits 2201 to 2216. Accordingly, within a period
of four cycles of the spread codes, supply of the spread codes
C, to C, 4 is carried out to all of the four groups of the trans-
mission conductors 11Y.

[0253] Therefore, if correlation calculation is carried out
for a reception signal from one reception conductor 12X, then
four correlation values regarding the four groups of the trans-
mission conductors 11Y, which are formed from 16 transmis-
sion conductors 11Y and are different in position from each
other, are obtained. Further, corresponding to this, each of the
registers 35d, to 35d, ; which form the correlation value stor-
age circuit 35d includes four regions. Into the four regions,
correlation values obtained from the 16 transmission conduc-
tors 11Y of the four groups whose positions are different from
each other are stored.

[0254] The position calculation circuit 361 of the output-
ting circuit 36 carries out position detection and/or detection
of a pressing force of a pointer, detection of a hovering state,
and so forth, from the correlation values stored in the storage
circuit 36 M to generate output data, and outputs the generated
output data.

[0255] Now, data processing by the correlation value cal-
culation circuits 3501 to 3516 is described with reference to a
timing charts of FIGS. 19A-19H.

[0256] Here, FIG. 19(A) illustrates a signal waveform of
the clock signal CLK generated from the clock generation
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circuit 23. One cycle of this clock signal CLK corresponds to
a one-chip length of the spread codes C,.

[0257] FIG. 19(B) illustrates the start signal ST indicative
of a start timing of search for all cross points of the sensor
section 100. The control circuit 40 repetitively generates the
start signal ST in synchronism with the clock signal CLK in a
cycle corresponding to a period it takes to complete pointer
detection regarding all cross points of the sensor section 100.
In particular, since the time required for the search regarding
all cross points corresponds to a value obtained by multiply-
ing the period required to supply a spread code to one trans-
mission conductor 11Y (corresponding to 16 cycles of the
clock signal CLK), the number of transmission conductors
which form the transmission blocks TB, to TB,, and the
number of reception conductors which form the detection
blocks DB, to DB, the control circuit 40 repetitively gen-
erates the start signal ST for every 16x4x8 cycles of the clock
signal CLK.

[0258] FIG. 19(C) illustrates a signal waveform of the
transmission load signal St, ,; supplied from the control cir-
cuit 40 to the transmission conductor selection circuit 22 and
the reception conductor selection circuit 31. This transmis-
sionload signal St,__ ,is a pulse signal whose cycle is set to the
code length of the spread codes C, (one cycle of the spread
codes C,=16 cycles of the clock signal CLK). The control
circuit 40 generates the first transmission load signal St,_,,
one cycle of the clock signal CLK later than the start signal ST
and then repetitively generates the signal St for every one
cycle of the spread codes C,.

[0259] FIG. 19(D) illustrates a signal waveform of the
reception load signal Sr,,,, supplied from the control circuit
40 to the calculation processing circuit 35. This reception
load signal Sr,,,, is a pulse signal having a cycle set to the
code length of the spread codes C, (one cycle of the spread
codes C,=16 cycles of the clock signal CLK). The control
circuit 40 outputs this reception load signal Sr,,,; one cycle of
the clock signal CLK later than the transmission load signal
Stload'

[0260] FIG.19(E)is atiming chart of a transmission output
of the spread codes C, transmitted from the transmission
signal supplying circuit 21 to the transmission conductors
11Y.

[0261] FIG. 19(F) is a timing chart of output signals (PS,,
PS,,...,PS|,) for 16 chips set to the shift registers 35a of the
correlation value calculation circuits 3501 to 3516. Mean-
while, FIG. 19(G) illustrates generation codes (PN,', PN,', ..
., PN, ") of the correlation value calculating codes C,' to be
multiplied with the output signals set to the shift registers 35a
and summed. Furthermore, FIG. 19(H) is a timing chart of
correlation value outputs of the correlation value calculation
circuits 3501 to 3516.

[0262] When the clock signal CLK (refer to FIG. 19(A))
outputted from the clock generation circuit 23 is inputted, the
control circuit 40 generates a start signal ST (refer to FIG.
19(B)) in synchronism with the clock signal CLK and sup-
plies the start signal ST to the outputting circuit 36 of the
position detection circuit 34.

[0263] Then, the control circuit 40 generates a transmission
load signal St,,, , (refer to FIG. 19(C)) at a timing delayed by
one cycle of the clock signal CLK from the start signal ST,
generates a switch control signal SW2 for each cycle of the
spread codes in synchronism with the generation timing of
the transmission load signal St, ,; and supplies the generated
switch control signal SW2 to the transmission conductor
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selection circuit 22. Further, the control circuit 40 generates a
switch control signal SW3 for each four cycles of the spread
codes with reference to the generation timing of the start
signal ST in synchronism with the generation timing of the
transmission load signal St,,,,, and supplies the switch con-
trol signal SW3 to the reception conductor selection circuit
31.

[0264] Then, the control circuit 40 generates a reception
load signal Sr,,, ; (refer to FIG. 19(D)) at a timing delayed by
one cycle of the clock from the generation of the transmission
load signal St,_, ,and supplies the reception load signal Sr,_, ;
to the correlation value calculation circuits 3501 to 3516 of
the calculation processing circuit 35 of the position detection
circuit 34.

[0265] The correlation value calculation circuits 3501 to
3516 execute the correlation calculation based on the timing
of the reception load signal Sr,,,; and output correlation val-
ues to the outputting circuit 36.

[0266] The storage circuit 36M of the outputting circuit 36
stores the correlation values outputted from the correlation
value calculation circuits 3501 to 3516 into predetermined
addresses of the storage circuit 36 M based on the timing of
the clock signal CLK and the reception load signal Sr,, ., from
the control circuit 40. The predetermined addresses are
addresses on the storage circuit 36M determined for the indi-
vidual cross points.

[0267] The transmission conductor selection circuit 22
starts supply of the 16 kinds of spread codes C, to C, 4 to the
16 transmission conductors 11Y at a timing of a rising edge
(time t, in FIG. 19) when the transmission load signal St,,
has the high level. Then, the transmission conductor selection
circuit 22 changes (switches), in response to switching of the
switch circuits 2201 to 2216 in accordance with the switch
control signal SW2, the 16 transmission conductors 11Y to
which the spread codes C, to C, 5 are to be supplied. Here, the
timing of the switching of the switch circuits 2201 to 2216 in
accordance with the switch control signal SW2 is a timing
(for example, time t, or time t, in FIG. 19) of a rising edge of
the clock signal CLLK when the transmission load signal St,,, ;
has the high level.

[0268] To the transmission conductors 11Y selected by the
transmission conductor selection circuit 22, nth-chip codes of
the spread codes C, to C, are supplied at a timing of a rising
edge of the clock signal CLK. In particular, at time t,, first-
chip codes of the spread codes C, to C, 4 are supplied to the
transmission conductors 11Y. Thereafter, the nth-chip codes
of'the spread codes C, to C, 4 are supplied to the transmission
conductors 11Y (refer to FIG. 19(E)), like the second chip,
third chip, and so forth, for every one clock of the clock signal
CLK.

[0269] Then, since, at a timing of the 17th rising edge of the
clock signal CLK at a timing at which the transmission load
signal St,__ ,has the high level, the supply of the spread codes
C, to C, to the 16 selected transmission conductors 11Y has
been completed, the transmission conductor selection circuit
22 changes (switches) the transmission conductors 11Y to be
selected to the next transmission conductors 11Y at this tim-
ing. Thereafter, the transmission conductor selection circuit
22 changes the transmission conductors 11Y at a timing of a
rising edge of the transmission load signal St , similarly.
[0270] Then, the transmission conductor selection circuit
22 returns its operation to the beginning when the fourth pulse
of the transmission load signal St,,,, is inputted thereto,
thereby to repeat the switching operation described above.
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[0271] Onthe other hand, the reception conductor selection
circuit 31 selects 16 reception conductors 12X (state of FIG.
14), which are to carry out reception first, at a timing of a
rising edge of the clock signal CLK when the first transmis-
sion load signal St,,; has the high level. Thereafter, the
reception conductor selection circuit 31 changes (switches)
the 16 reception conductors 12X to be selected by switching
the switch circuits 3101 to 3116 in accordance with the switch
control signal SW3 every time the pulse of the transmission
load signal St,,,; is generated four times.

[0272] Then, the reception conductor selection circuit 31
restores the first selection changeover state (state of FIG. 14)
at a timing of a rising edge of the clock signal CLK when the
33rd pulse of the transmission load signal St,,, , has the high
level, and repeats the switching operation described above.
[0273] Itistobenotedthat, in order to prevent generation of
noise by a transition phenomenon by switching carried out by
the switch circuits 3101 to 3116 of the reception conductor
selection circuit 31, the switching cycle of the switch control
signal SW3 may be set to a period of 16x4+m cycles (m:
natural number) of the clock signal CLK, thereby to provide
an extra period of one clock.

[0274] The reception signals obtained from the 16 recep-
tion conductors 12X through the reception conductor selec-
tion circuit 31 are amplified in signal level by the amplifica-
tion circuit 32 and converted into and outputted as digital
sample data at a timing of a rising edge of the clock signal
CLK by and from the A/D converters 3301 to 3316 of the A/D
conversion circuit 33.

[0275] Then, the digital sample data outputted from the
A/D converters 3301 to 3316 are inputted to corresponding
ones of the correlation value calculation circuits 3501 to
3516, respectively. The digital sample data are successively
inputted from the D-type flip-flop circuit 354, at the first
stage of the shift registers 35a of the correlation value calcu-
lation circuits 3501 to 3516 as described hereinabove (refer to
FIG. 19(F)).

[0276] Then, at a timing of a rising edge of the clock signal
CLK when the pulse of the reception load signal Sr,,,, ;has the
high level (at time t; in FIG. 19), the output signals PS, to
PS¢ (refer to FIG. 18) are set to the shift registers 35a of the
correlation value calculation circuits 3501 to 3516. Accord-
ingly, at this timing, the correlators 355, to 355, ; have a state
in which the output signals PS, to PS4 are supplied thereto.
[0277] On the other hand, in the correlation value calcula-
tion circuits 3501 to 3516, after a timing (time t; in FIG. 19)
of'a rising edge of'the clock signal CLK when the pulse of the
reception load signal Sr,_,; has the high level, the generation
codes PN, ' to PN, /' (refer to FIG. 19(G)) of the 16 kinds of
correlation value calculating codes C,' to C, ' are supplied
from the correlation value calculating code generation cir-
cuits 35¢, to 35¢, ¢ to the correlators 355, to 356, 4, respec-
tively

[0278] The correlators 356, to 35b, execute correlation
calculation between the generation codes PN, ' to PN| ;' of the
correlation value calculating codes C,'to C, ' and the output
signals PS, to PS¢ set to the shift registers 35a at a timing of
a rising edge of the pulse of the clock signal CLK when the
reception load signal Sr,,, , has the high level.

[0279] Then, the correlators 35b, to 355, ; of the correlation
value calculation circuits 3501 to 3516 temporarily store the
correlation values of the result of the calculation into the
registers 35d, to 35d, ; of the correlation value storage circuit
35d (refer to FIG. 19(H)).
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[0280] Then, the correlation values temporarily stored in
the registers 354, to 35d,4 of the correlation value storage
circuit 354 are stored into the storage circuit 36M of the
outputting circuit 36.

[Example of the Configuration of the Correlators 3556, to
3556, FIG. 20]

[0281] An example of the configuration of the correlators
355, to 35b, 4 is described in detail below with reference to
FIG. 20. The correlators 355, to 35b,, all have the same
configuration, and FIG. 20 shows an example of the configu-
ration of the correlator 355, from among the correlators 3554,
to 3556 .

[0282] As shown in FIG. 20, the correlator 3556, is com-
posed of 16 multipliers 35f,,35f., ..., 35/, ;and an adder 35g.
The reason why the number of multipliers 35/, to 35/, in the
present embodiment is 16 is that it is intended to determine a
correlation of the spread codes C, of 16 chips. Accordingly,
the number of multipliers to be provided differs depending
upon the number of chips of the spread codes C,.

[0283] To the multipliers 357, to 35/, the output signals
PS, to PS, ¢ from the stages of the shift register 354 and the
generation codes PN ' to PN, /' of the correlation calculation
codes C,' are supplied. The multipliers 35f, to 35/, ; multiply
signals at the same chip positions to obtain multiplication
signals. The multiplication signals calculated by the multipli-
ers 35f, to 35f, ; are supplied to the adder 35g. The adder 35g
adds the multiplication signals supplied thereto from the mul-
tipliers 35/, to 35/, ; to obtain a correlation value. This corre-
lation value is stored into the register 354, (refer to FIG. 18)
of the correlation value storage circuit 354. It is to be noted
that, depending upon the code to be used, the multipliers 35f;
to 35/, s may be formed using an adder or a subtractor.

[Detection Mode Control by the Control Circuit 40 and Posi-
tion Detection Processing of the Outputting Circuit 36]

[0284] As correlation values of all cross points of the sensor
section 100 are temporarily stored into the storage circuit
36M as described hereinabove, the control circuit 40 deter-
mines, based on the correlation values temporarily stored in
the storage circuit 36 M, whether the detection mode should
be set to the capacitive touch detection mode or the resistive
touch detection mode. Then, the control circuit 40 switches
the switch circuits 55 of the I/V conversion circuits 3201 to
3216 in response to the determined detection mode.

<Detection Mode Switching by the Control Circuit 40: FIGS.
21 to 24>

[0285] It is assumed that the pointer 18 moves with respect
to the pointing input surface 100S from a state wherein it is
not present anywhere near the pointing input surface 100S of
the sensor section 100, to a state in which it exists in a spaced
relationship from the pointing input surface 100S, to yet
another state in which it touches the pointing input surface
1008, to a further state in which it presses the pointing input
surface 1008, in this order. Therefore, in the present embodi-
ment, the control circuit 40 switches, in an initial state, the
switch circuits 55 of the I/V conversion circuits 3201 to 3216
to the detecting capacitor 52 side using the switch control
signal SW1 to establish the capacitive touch detection mode.
[0286] When a pointer is free from (nowhere near) the
pointing input surface 100S of the sensor section 100 as
shown in FIG. 21(A), the transmission conductors 11Y elec-
trostatically couple only to the reception conductors 12X, and
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therefore, if a transmission signal is supplied to the transmis-
sion conductors 11Y, then similar current signals flow to the
reception conductors 12X at the cross points.

[0287] Accordingly, as shown in FIG. 21(B), a fixed corre-
lation value (reference value ref) is obtained from the corre-
lation value calculation circuits 3501 to 3516 of the calcula-
tion processing circuit 35. It is to be noted that FIG. 21(B)
indicates a correlation value output of one of the correlation
value calculation circuits 3501 to 3516.

[0288] Then, if a pointer 18, for example, contacts with a
cross point between the transmission conductor 11Y, to
which the spread code C; is supplied and the reception con-
ductor 12X, as shown in FIG. 22(A), then the transmission
signal is shunted through a capacitance component between
the pointer 18 and the reception conductor 12X,,, as
described hereinabove and thus the current signal obtained
from the reception conductor 12X ,, decreases.

[0289] Therefore, the signal level of the current signal from
the reception conductor 12X, ,, which the pointer 18 contacts
decreases at the spread code C, supplied to the transmission
conductor 11Y . In other words, as shown in FIG. 22(B), the
correlation value corresponding to the cross point between
the transmission conductor 11Y and the reception conductor
12X, ,, varies in a decreasing direction from the correlation
value when the pointer 18 does not exist above or on the
pointing input surface 1008 as shown in FIG. 21, that is, the
reference value ref.

[0290] On the other hand, if a pressing force is applied by
the pointer 18 at the cross point between the transmission
conductor 11Y, to which the spread code C; is supplied and
the reception conductor 12X ,, shown in FIG. 22(A), then the
transmission resistive element 13Y and the reception resistive
element 14X are brought into contact with each other at the
cross point, and a current in accordance with the contact area
begins to flow. As a result, the current signal of the output
signal S, obtained from the reception conductor 12X,,,
increases.

[0291] Therefore, as shown in FIG. 22(C), the signal level
of the current signal from the reception conductor 12X ,,
which the pointer 18 contacts increases at the spread code C,
supplied to the transmission conductor 11Y,. In short, the
correlation value corresponding to the cross point between
the transmission conductor 11Y, and the reception conductor
12X,,, varies in an increasing direction from the reference
value ref.

[0292] Accordingly, the position calculation circuit 361
refers to the correlation values at all cross points of the storage
circuit 36M of the outputting circuit 36, and when a cross
point having a correlation value which exhibits a decrease
from the reference value ref is detected, then the control
circuit 40 maintains the capacitive touch detection mode.

[0293] Then, ifthe position calculation circuit 361 refers to
the correlation values at all cross points of the storage circuit
36M of the outputting circuit 36 and detects a correlation
value which indicates an increase from the reference value
ref, then the control circuit 40 changes the switch circuits 55
of the I/V conversion circuits 3201 to 3216 to the detecting
resistor 54 side using the switch control signal SW1 to switch
the detection mode to the resistive touch detection mode.
[0294] Accordingly, the control circuit 40 can switch the
detection mode depending upon whether or not a correlation
value higher than the reference value ref exists from among
all correlation values stored in the storage circuit 36M.
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[0295] However, the reference value ref sometimes varies
depending upon a dispersion arising from an individual dif-
ference, an environmental factor (temperature or the like) or
the like of each pointer detection apparatus 1.

[0296] Therefore, in the present embodiment, a correlation
value (=ref) obtained from the correlation value calculation
circuits 3501 to 3516 when the pointer 18 is free from the
pointing input surface 100S of the sensor section 100 is stored
in advance. In the following description, this reference value
is referred to as an offset value.

[0297] Then, when a correlation value is to be stored into
the storage circuit 36M, a value obtained by subtracting the
offset value (=ref) from the correlation value calculated by
any of the correlation value calculation circuits 3501 to 3516
is stored as a correlation value of the cross point.

[0298] By using the measure described, the correlation val-
ues obtained in the capacitive touch detection mode are all
equal to zero when the pointer 18 is free from (nowhere near)
the pointing input surface 100S of the sensor section 100.
Then, when the pointer 18 is positioned in a hovering state
above the pointing input surface 100S of the sensor section
100 or is in contact with the pointing input surface 100S, the
correlation value at the cross point at which the pointer 18 is
in ahovering state or in contact with the pointing input surface
100S becomes a negative value. On the other hand, if a press-
ing force is applied to the pointing input surface 100S by the
pointer 18 existing on the pointing input surface 100S of the
sensor section 100, then the correlation value obtained from
the reception conductor 12X which forms the cross point to
which the pressing force is applied becomes a positive value.

[0299] Then, the position calculation circuit 361 refers to
the correlation values stored in the storage circuit 36M to
detect whether or not there exists a correlation value which
indicates a positive value or indicates a negative value among
the correlation values stored in the storage circuit 36 M. If the
position calculation circuit 361 detects a correlation value
indicating a positive value when operating in the capacitive
touch detection mode, then the control circuit 40 switches the
detection mode to the resistive touch detection mode. On the
other hand, if the position calculation circuit 361 fails to
detect a correlation value which indicates a positive value
when operating in the resistive touch detection mode, then the
control circuit 40 switches the detection mode to the capaci-
tive touch detection mode.

[0300] Here, if the detection mode when the position cal-
culation circuit 361 detects a correlation value indicating a
positive value is the resistive touch mode or if the detection
mode when the position calculation circuit 361 detects a
correlation value indicating a negative value is the capacitive
touch detection mode, then the control circuit 40 maintains
the detection mode.

[0301] It is to be noted that, when the correlation values
calculated in the resistive touch detection mode are written
into the storage circuit 36 M, the subtraction of a value corre-
sponding to the reference value ref described hereinabove
may not necessarily be carried out. This arises from the fol-
lowing reason. The correlation values obtained in the resistive
touch detection mode are remarkably higher than the corre-
lation values obtained in the capacitive touch detection mode.
Therefore, from the correlation values calculated in the resis-
tive touch detection mode, a correlation value corresponding
to a cross point to which a pressing force is applied can be
detected even if no subtraction process is carried out.
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[0302] Whether or not a correlation value stored in the
storage circuit 36M is a positive value can be detected by
setting a threshold value to zero and comparing the correla-
tion value with the threshold value. However, in order to make
a reliable determination, the threshold value to be compared
with the correlation values should be set to a value that is a
little higher than zero. This is to prevent reaction with a noise
component or the like.

[0303] FIGS. 23 and 24 are flow charts illustrating a flow of
general processing operation including a detection mode
switching process by the pointer detection apparatus 1 in the
present embodiment.

[0304] Theprocessing of the flow charts of FIGS. 23 and 24
starts in response to a start signal ST from the control circuit
40. Then, one cycle of the processing operation regarding all
of the cross points of the pointing input surface 100S is
executed every time the start signal ST is generated.

[0305] First, if a transmission load signal St,,,, generated
one cycle of the clock signal CLK after when the control
circuit 40 outputs the start signal ST is supplied to the trans-
mission signal supplying circuit 21, then the transmission
signal supplying circuit 21 generates 16 kinds of spread codes
C, to C,4 synchronized with the transmission load signal
St,,. and the clock signal CLK and starts supply of the
generated codes to the transmission conductor selection cir-
cuit 22 (step S101).

[0306] Then, the control circuit 40 selects the capacitive
touch detection mode as the detection mode and switches the
switch circuits 55 of the I/V conversion circuits 3201 to 3216
to the detecting capacitor 52 side in accordance with a switch
control signal SW1 (step S102).

[0307] Then, the control circuit 40 carries out switching
control for the switching circuits 3101 to 3116 of the recep-
tion conductor selection circuit 31 in accordance with a
switch control signal SW3 generated based on the clock sig-
nal CLK to select one reception conductor 12X from within
each of the detection blocks DB1 to DB16 (step S103).
[0308] Further, the control circuit 40 carries out switching
control for the switching circuits 2201 to 2216 of the trans-
mission conductor selection circuit 22 in accordance with a
switch control signal SW2 generated in synchronism with the
transmission load signal St load to select one transmission
conductor 11Y from within each of the transmission blocks
TB1 to TB16 (step S104).

[0309] Consequently, the 16 kinds of spread codes C, to
C,¢ are supplied in synchronism with each other at the same
time to the 16 transmission conductors 11Y selected by the
transmission conductor selection circuit 22 (step S105).
Then, output signals S, to S, are obtained as reception sig-
nals from the 16 reception conductors 12X selected by the
reception conductor selection circuit 31. The output signals
S, to S, are supplied to the correlation value calculation
circuits 3501 to 3516 of the calculation processing circuit 35,
respectively, through the amplification circuit 32 and the A/D
conversion circuit 33 (step S106).

[0310] Then, the correlation value calculation circuits 3501
to 3516 carry out correlation calculation of digital sample
data and correlation value calculating codes C,' to C, ' and
write correlation values obtained as a result of the correlation
calculation into the storage circuit 36M of the outputting
circuit 36 through the correlation value storage circuit 354
(step S107).

[0311] The control circuit 40 decides whether or not the
supply of the spread codes has been carried out for all of the
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transmission conductors 11Y which form the cross points
with the selected reception conductors 12X (step S108). If it
is determined at step S108 that the supply of the spread codes
has not been completed, then the processing returns to step
S104 and then the processes at and after step S104 are repeti-
tively carried out. Since one transmission block is formed of
four transmission conductors 12, the number of sets of plu-
ral transmission conductors to be selected is four. Accord-
ingly, at step S108, it is determined whether or not the pro-
cesses at steps S104 to S107 have been carried out repetitively
for four times.

[0312] Then, if it is determined at step S108 that the supply
of'the spread codes to all of the transmission conductors 11Y
which form the cross points with the reception conductors
12X selected by the reception conductor selection circuit 31
is completed, then it is determined whether or not an output
signal has been obtained from all of the reception conductors
12X (step S109). If it is determined at step S109 that the
output signal has not been obtained from all of the reception
conductors 12X, then the processing returns to step S103 and
then the processes at and after step S103 are repetitively
carried out. Since a detection block is formed of eight recep-
tion conductors 12X, the number of sets of plural reception
conductors to be selected is eight. Accordingly, at step S109,
it is determined whether or not the processes at step S103 to
S108 have been carried out repetitively for eight times.
[0313] Ifitis determined at step S109 that the supply of the
transmission signals has been carried out for all of the trans-
mission conductors 11Y and the output signal is obtained
from all of the reception conductors 12X, then the correlation
values stored in the storage circuit 36M are referred to, in
order to determine whether or not a correlation value higher
than the reference value ref exists (step S111 in FIG. 24).
[0314] If it is determined at step S111 that a correlation
value higher than the reference value ref does not exist in the
correlation values stored in the storage circuit 36M, then the
control circuit 40 determined whether or not the detection
mode at that time is the capacitive touch detection mode (step
S112). Ifit is determined at step S112 that the detection mode
then is the capacitive touch detection mode, then the control
circuit 40 controls the output circuit 36 to carry out a position
detection process of a pointer and output a result of the detec-
tion (step S113). However, if it is determined at step S112 that
the detection mode then is not the capacitive touch detection
mode, then the processing returns to step S102, at which the
control circuit 40 supplies the switch control signal SW1 to
the switching circuits 55 of the I/V conversion circuits 3201 to
3216 to switch the switching circuits 55 to the detecting
capacitor 52 side thereby to change the detection mode to the
capacitive touch detection mode. Then, the control circuit 40
repetitively carries out the processes at and after step S103.
[0315] On the other hand, if it is determined at step S111
that a correlation value higher than the reference value ref
exists in the correlation values stored in the storage circuit
36M, then the control circuit 40 determines whether or not the
detection mode then is the resistive touch detection mode
(step S114). If it is determined at step S114 that the detection
mode then is the resistive touch detection mode, then the
control circuit 40 controls the output circuit 36 to carry out a
position detection process of a pointer and output a result of
the detection (step S113). However, if it is determined at step
S114 that the detection mode then is not the resistive touch
detection mode, then the control circuit 40 supplies the switch
control signal SW1 to the switching circuits 55 of the I/'V
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conversion circuits 3201 to 3216 to switch the switching
circuits 55 to the detecting resistor 54 side thereby to change
the detection mode to the resistive touch detection mode (step
S115). Then, the control circuit 40 returns the processing to
step S103 and repetitively carries out the processes at and
after step S103.

<Hovering Detection: FIGS. 25 to 27>

[0316] A detection technique of a hovering state is
described with reference to FIGS. 25 to 27. Detection of
hovering can be carried out in the following manner. When, in
the capacitive touch detection mode, a pointer 18 touches the
pointing input surface 100S of the sensor section 100 as
shown in FIG. 25(A), the correlation value at the cross point
at the contact center position exhibits a maximum correlation
value PK and cross points in a comparatively small area range
around the cross point at the contact center position exhibit
correlation values of the negative polarity as shown in FIG.
25(B).

[0317] Meanwhile, when the pointer 18 is spaced from the
pointing input surface 100S of the sensor section 100 in the
capacitive touch detection mode as shown in FIG. 26(A), the
correlation value at the cross point at a position immediately
below the pointer 18 exhibits a maximum correlation value
PK while cross points in a comparatively greater area range
around the cross point at the position immediately below the
pointer 18 exhibit correlation values of the negative polarity
as shown in FIG. 26(B).

[0318] In particular, each of FIG. 25(B) and FIG. 26(B)
shows a curve (hereinafter referred to as a level curve of the
correlation values) 400 indicating a level variation of the
correlation values at peripheral cross points centered at the
cross point at the contact center position or at the position
immediately below the pointer 18 on or above the pointing
input surface 100S.

[0319] The reason why such results as illustrated in FIGS.
25(B) and 26(B) are obtained can be explained in the follow-
ing manner. First, in a state wherein the pointer 18 touches the
pointing input surface 100S of the sensor section 100 as
shown in FIG. 25(A), a comparatively great number of elec-
tric flux lines corresponding to a transmission signal (voltage
signal) supplied to a transmission conductor 11Y converge to
the pointer 18 (for example, a finger) as described herein-
above. Consequently, of a current flowing to a reception con-
ductor 12X when the pointer 18 does not exist on the recep-
tion conductor 12X, a current corresponding to the electric
flux lines which converge to the pointer 18 is shunted to the
ground through the pointer 18. Further, since the pointer 18
and the reception conductor 12X touch with each other, the
range of those electrostatically coupled reception conductors
12X is small. As a result, the level curve 400 of the correlation
values becomes a curve which exhibits a small width (area)
within which a level variation is exhibited and with which a
comparatively high peak value PK is obtained as shown in
FIG. 25(B).

[0320] In contrast, in a state (hovering state) wherein the
pointer 18 is spaced from the pointing input surface 100S of
the sensor section 100 as shown in FIG. 26(A), the range
within which the pointer 18 and the reception conductors 12X
are electrostatically coupled to each other is greater than that
in the case in which the pointer 18 touches, while the coupling
degree between the pointer 18 and the reception conductors
12X decreases, and also a current shunted to the ground
through the pointer 18 from within the current flowing to the
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reception conductor 12X decreases. Then, the range within
which the pointer 18 and the reception conductors are elec-
trostatically coupled to each other increases as the space
distance between the pointer 18 and the pointing input surface
1008 increases. As a result, the current shunted to the ground
through the pointer 18, from within the current to flow to the
reception conductor 12X when the pointer 18 does not exist
on the reception conductor 12X, decreases as the space dis-
tance between the pointer 18 and the pointing input surface
100S increases.

[0321] Accordingly, when the pointer 18 is in a hovering
state as shown in FIG. 26(B), in the level curve 400 of the
correlation values, the width (area) with which a level varia-
tion is exhibited increases in accordance with the space dis-
tance between the pointer 18 and the pointing input surface
1008, and the peak value PK decreases in accordance with the
space distance between the pointer 18 and the pointing input
surface 100S.

[0322] From the foregoing, the ratio between the gradient 6
of the level curve 400 of the correlation values and the peak
value PK of the level curve of the correlation values is deter-
mined, and a detection output in the hovering state is obtained
from this ratio. In this instance, the ratio between the gradient
0 of the level curve 400 of the correlation values and the peak
value PK of the level curve of the correlation values and a
predetermined threshold value are compared with each other
to discern whether or not the pointer 18 touches the pointing
input surface 100S. Then, if it is discerned that the pointer 18
is in a hovering state, then the space distance between the
pointer 18 and the pointing input surface 1008 is determined
from the value of the ratio.

[0323] Now, a particular example of calculation for deter-
mining the ratio between the gradient 6 of the level curve 400
of the correlation values and the peak value PK of the level
curve of the correlation values is described.

[0324] Iflevel values of the correlation value obtained at a
certain point of time in a state in which the pointer 18 is
spaced from the pointing input surface 100S as shown in FIG.
26(A) are mapped, then, for example, such a distribution as
shown in FIG. 27 is obtained. It is to be noted that FIG. 27
illustrates correlation value level values obtained at 3x3 cross
points. The correlation value level values are in a normalized
form and have positive values for the convenience of descrip-
tion.

[0325] In the example illustrated in FIG. 27, a maximum
value “100” of the correlation value level is obtained at the
central cross point, and another correlation value level value
“50” is obtained at cross points at the positions leftwardly,
rightwardly, upwardly and downwardly of the central cross
point. A further correlation value level value “20” is obtained
at cross points at the positions obliquely leftwardly upwardly,
obliquely rightwardly upwardly, obliquely leftwardly down-
wardly and obliquely rightwardly downwardly of the central
cross point. Accordingly, the peak value PK of this level curve
of the correlation value is “100.”

[0326] The gradient ofthe level curve 400 ofthe correlation
values can be obtained by determining the difference between
the peak value PK and the correlation value level value at
another cross point adjacent to the cross point at which the
peak value PK is obtained. For example, in the case of FIGS.
27, since the peak value PK of the level curve 400 of the
correlation values is “100” at the central grid, the gradient of
the edge is 100-50=50.
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[0327] Accordingly, the ratio between the gradient and the
peak value of the level curve 400 of the correlation values of
the example of FIG. 27 is (gradient of the level curve of the
correlation values)/(peak value PK)=50/100=0.5. Accord-
ingly, if the threshold value for determining whether the
pointer 18 is in a hovering state or in a touching state is, for
example, 0.7, then in the example illustrated in FIG. 27, the
position calculation circuit 361 determines that the pointer 18
is in a hovering state. On the other hand, where the ratio
between the gradient and the peak value of the level curve 400
of the correlation values is, for example, 0.9, the position
calculation circuit 361 determines that the pointer 18 is in a
state wherein it is touching the pointing input surface of the
sensor section 100.

[0328] While, in the example described above, a single
threshold value is provided for determination of a hovering
state and a touching state of the pointer 18, the present inven-
tion is not limited to this configuration. For example, in addi-
tion to a threshold value for determining a hovering state and
atouching state of the pointer 18, one or a plurality of thresh-
old values for determining a degree of a hovering state (a
space distance between the pointing input surface 100S of the
sensor section 100 and the pointer) may be set additionally.
Of course the threshold value or values in this instance are
lower than the threshold value for the determination of a
hovering state and a touching state.

[0329] It is to be noted that, while the foregoing described
the case wherein determination of a hovering state is carried
out directly based on the level curve of the correlation values
(mapping data of the correlation value level values), the
present invention is not limited to this configuration. A hov-
ering state may be determined based on a characteristic after
the level curve of the correlation values is processed by non-
linear processing.

[0330] Description is given using a case in which, for
example, logarithmic conversion is carried out as nonlinear
processing for the level curve of the correlation values as an
example. Where nonlinear processing is not carried out, the
level of the correlation value obtained when the pointer 18
touches the pointing input surface of the sensor section 100 is
extremely high at a location at which the pointer 18 and the
pointing input surface 100S touch with each other but is
extremely low at another location at which the pointer 18 is
spaced from the pointing input surface 100S. Therefore, if it
is tried to carry out a recognition process including a state in
which the pointer 18 is spaced a little from the pointing input
surface 1008, since the correlation value level is extremely
different between the two cases described above, accurate
recognition is difficult.

[0331] Therefore, ifa predetermined signal conversion pro-
cess, for example, a logarithmic process, is carried out for the
level curve of the correlation values, then it is possible to
make a portion, at which the correlation value is low, stand out
and suppress another portion, at which the correlation value
level is high. In other words, the shape of a peak portion of the
level curve of the correlation values after the logarithmic
conversion is broadened and the maximum value of the same
is suppressed. In this instance, the variation of the level value
of the correlation value in the proximity of the boundary
between the touching state and the non-touching state of the
pointer 18 becomes continuous, and a hovering state can be
readily discerned even if the hovering state is such that the
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pointer 18 is spaced very little from the pointing input surface
100S. Consequently, the recognition characteristic can be
improved.

<Detection of a Pressing Force (Finger Force)>

[0332] 1If it is determined as a result of reference to the
correlation values stored in the storage circuit 36 M by the
position calculation circuit 361 that a cross point at which the
correlation value is higher than the reference value ref exists,
then the cross point is a portion to which a pressing force is
applied from the pointer 18 through the pointing input surface
100S.

[0333] Then, as described hereinabove, in the sensor sec-
tion 100 of the present embodiment, the contact area between
the transmission resistive element 13Y and the reception
resistive element 14X varies in accordance with the pressing
force. In particular, as the pressing force increases, the contact
area between the transmission resistive element 13Y and the
reception resistive element 14X increases and the resistance
value of the variable resistor formed between the transmis-
sion resistive element 13Y and the reception resistive element
14X decreases. However, if the pressing force becomes
higher than a fixed level, then the variation of the contact area
no longer occurs and a limiter is applied.

[0334] Then, the current value of the electric signal
obtained from the reception conductor 12X varies inresponse
to the resistance value of the variable resistor formed between
the transmission resistive element 13Y and the reception
resistive element 14X, and as the pressing force increases, the
current value of the current signal obtained from the reception
conductor 12X increases.

[0335] Accordingly, the digital sample data of the output
signal obtained from the reception conductor 12X at the cross
point at which the pressing force is applied has a digital value
which increases in proportion to the pressing force until the
limiter is applied. Therefore, the correlation value regarding
the digital sample data also assumes a positive value corre-
sponding to the pressing force.

[0336] As described above, if the position calculation cir-
cuit 361 detects a correlation value higher than the reference
value ref from among the correlation values stored in the
storage circuit 36M, then it determines, from the address
position of the correlation value, a coordinate position of the
corresponding cross point and outputs a detection output of
the pressing force corresponding to the magnitude of the
correlation value.

[0337] It is to be noted that, while, in the embodiment
described above, before the correlation values are written into
the storage circuit 36M, an offset value is subtracted from the
respective correlation values. However, the present invention
is not limited to this configuration. For example, the correla-
tion values calculated by the correlation value calculation
circuits 3501 to 3516 may be stored in the storage circuit 36 M
such that, when position detection is to be carried out by the
position calculation circuit 361, an offset value may be sub-
tracted from the respective correlation values. In this
instance, the position calculation circuit 361 carries out the
decision process at step S111 described hereinabove and noti-
fies the control circuit 40 of a result of the decision. Then, the
position calculation circuit 361 outputs output data of the
result of the pointer detection in accordance with a control-
ling instruction of the control circuit 40.
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[0338] It is to be noted that the processing of the position
calculation circuit 361 may be executed as software process-
ing by a microcomputer provided in the control circuit 40.
[0339] As described above, in the present embodiment, the
outputting circuit 36 includes the position calculation circuit
361 and processes the correlation values written in the storage
circuit 36M to obtain a detection result of a pointer. In par-
ticular, the position calculation circuit 361 generates a coor-
dinate corresponding to a cross point inputted by pointing of
the pointer 18, an area inputted by the pointing, a hovering
state, a pressing force, a flag corresponding to a detection
mode, a pointer detection result regarding a large number of
pointers, and so forth, and outputs them as output data.
[0340] However, the processing operation of the position
calculation circuit 361 can be carried out by an apparatus to
which the pointer detection apparatus 1 of the present
embodiment is connected such as, for example, a computer.
In this instance, the outputting circuit 36 does not include the
position calculation circuit 361 but converts the stored con-
tents of the storage circuit 36M into, for example, bit map data
or the like and outputs them as output data. Alternatively, the
outputting circuit 36 may output the stored contents of the
storage circuit 36M as they are as output data.

[0341] Inthe first embodiment described above, the control
circuit 40 switches the detection mode between the capacitive
touch detection mode and the resistive touch detection mode
in response to the correlation values stored in the storage
circuit 36M. However, the present invention is not limited to
this configuration. For example, naturally it is possible to
change the detection mode between the capacitive touch
detection mode and the resistive touch detection mode by
manual operation.

[0342] In particular, for example, a slide switch may be
connected to the control circuit 40 such that the capacitive
touch detection mode or the resistive touch detection mode is
designated manually by means of the slide switch. In this
instance, the slide switch may be configured such that “auto-
matic mode switching” can be selected. In this instance, the
user can select such automatic mode switching as in the
embodiment described hereinabove, while the user can also
switch the detection mode so as to select only the capacitive
touch detection mode or the resistive touch detection mode
according to each application.

[0343] Further, while, in the embodiment described above,
the transmission resistive elements 13Y are formed along the
transmission conductors 11Y and the reception resistive ele-
ments 14X are formed along the reception conductors 12X,
each of the transmission resistive elements 13Y and the
reception resistive elements 14X may be formed in the same
direction as the transmission conductors 11Y or the reception
conductors 12X. Alternatively, the transmission resistive ele-
ments 13Y and the reception resistive elements 14X may be
provided like islands for individual regions corresponding to
the cross points between the transmission conductors 11Y
and the reception conductors 12X. Furthermore, the transmis-
sion resistive elements 13Y and the reception resistive ele-
ments 14X may be formed over an overall area of the lower
side substrate 16 and the upper side substrate 17 as described
hereinabove.

[0344] Further, the transmission conductors 11Y or the
reception conductors 12X may be formed along the transmis-
sion conductors 11Y or the reception conductors 12X while
the reception conductors 12X or the transmission conductors
11Y are formed over an overall area of one face of the lower
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side substrate 16 or the upper side substrate 17. Alternatively,
the transmission conductors 11Y or the reception conductors
12X may be provided like islands in individual regions cor-
responding to the cross points between the transmission con-
ductors 11Y and the reception conductors 12X while the
reception conductors 12X or the transmission conductors
11Y are formed over an overall area of one face of the lower
side substrate 16 or the upper side substrate 17 or along the
transmission conductors 11Y or the reception conductors
12X.

[0345] In the pointer detection apparatus of the first
embodiment described above, the control circuit 40 decides
whether the detection mode should be set to the capacitive
touch detection mode or the resistive touch detection mode
and switches the switch circuits 55 of the I/V conversion
circuits 3201 to 3216 of the amplification circuit 32.

[0346] However, as described hereinabove with reference
to FIG. 10, if the detecting resistor 54 of the resistive film
method has an inductance value substantially equal to that of
the direct current bias resistor 53 of the detecting capacitor
52, then the I/V conversion circuits of the amplification cir-
cuit 32 do not require the mode switch circuit 55.

[0347] It is to be noted that, while the first embodiment is
described taking a case in which the correlation values stored
in the storage circuit 36M are compared with the reference
value ref to switch the detection mode to the resistive touch
detection mode or the capacitive touch detection mode as an
example, the present invention is not limited to this configu-
ration. For example, the detection mode may be switched to
the resistive touch detection mode or the capacitive touch
detection mode for each I/V conversion circuit. By this con-
figuration, also where a plurality of pointers exist on or above
the pointing input surface 100S and one of the pointers is in a
hovering state or in a contacting state while another pointer
applies a pressing force to the pointing input surface, the
pointers can be detected appropriately.

Second Embodiment

Example wherein Switching of a Detection Mode is
not Carried Out, FIGS. 28 to 29

[0348] In the pointer detection apparatus of the first
embodiment described above, the control circuit 40 decides
whether the detection mode should be set to the capacitive
touch detection mode or the resistive touch detection mode
and changes the switch circuits 55 of the I/V conversion
circuits 3201 to 3216 of the amplification circuit 32.

[0349] However, for example, if a pointer 18 is brought
onto the pointing input surface 1008 of the sensor section 100
and into contact with the pointing input surface 100S and is
then pressed against the pointing input surface 100S at a high
speed, then there is the possibility that switching of the mode
for each of the I/V conversion circuits 3201 to 3216 by the
control circuit 40 may not be able to follow the high move-
ment speed.

[0350] Therefore, the pointer detection apparatus of the
second embodiment is configured such that the I/V conver-
sion circuits of the configuration of FIG. 10 in the configura-
tion of the first embodiment described hereinabove are used
for the amplification circuit 32 to eliminate the necessity for
the mode switching in which a switch circuit is used. In the
second embodiment described below, the configuration other
than the amplification circuit 32 is similar to that of the first
embodiment, and like elements to those of the first embodi-
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ment are denoted by like reference characters and detail
description of them is omitted. This similarly applies also to
the other embodiments hereinafter described.

[0351] FIG. 28 is a view showing an example of a configu-
ration of the amplification circuit 32 in the case of the present
second embodiment.

[0352] As shown in FIG. 28, in the pointer detection appa-
ratus of the present second embodiment, the amplification
circuit 32 is formed from 16 I/V conversion circuits 3201",
3202, ..., 3216' corresponding to the detection blocks DB1
to DB16, respectively. Each of the 1/V conversion circuits
3201' to 3216' is formed from an I/V conversion circuit of a
configuration wherein a detecting capacitor 52 for the elec-
trostatic coupling method and a detecting resistor 54 for the
resistive film method are connected in parallel across an
operational amplifier 51 as shown in FIG. 10.

[0353] The I/V conversion circuits 3201' to 3216 include
no switch circuit 55 for the detection mode. Accordingly, in
the present second embodiment, the control circuit 40 need
not generate the switch control signal SW1 to the I/V conver-
sion circuits 3201 to 3216 as in the case of the first embodi-
ment. Therefore, the control circuit 40 eliminates the require-
ment for a decision process wherein it refers to correlation
values calculated by the correlation value calculation circuits
3501 to 3516 to determine whether the detection mode should
be set to the capacitive touch detection mode or the resistive
touch detection mode. In regard to the other point, the second
embodiment is configured similarly to the first embodiment.
[0354] Now, an example of a flow of general processing
operation in the pointer detection apparatus of the second
embodiment is described with reference to a flow chart of
FIG. 29.

[0355] The processing illustrated in the flow chart of FIG.
29 is started in accordance with a start signal ST from the
control circuit 40. Then, one cycle of the processing operation
for all of the cross points of the pointing input surface 1008 is
executed every time the start signal ST is generated.

[0356] First, ifthe transmission load signal St,, ; generated
one cycle of the clock signal CLK after the control circuit 40
outputs the start signal ST is supplied to the transmission
signal supplying circuit 21, then the transmission signal sup-
plying circuit 21 generates 16 kinds of spread codes C, to C, ¢
synchronized with the transmission load signal St,_, ; and the
clock signal CLK and starts supply of the generated codes to
the transmission conductor selection circuit 22 (step S201).
[0357] The control circuit 40 carries out switching control
of the switching circuits 3101 to 3116 of the reception con-
ductor selection circuit 31 in accordance with a switch control
signal SW3 generated based on the transmission load signal
St,, .z to carry out selection of one reception conductor 12X
from within each of the detection blocks DB1 to DB16 (step
S202).

[0358] Further, the control circuit 40 carries out switching
control of the switching circuits 2201 to 2216 of the trans-
mission conductor selection circuit 22 in accordance with a
switch control signal SW2 generated based on the transmis-
sion load signal St,_, ; to carry out selection of one transmis-
sion conductor 11Y from within each of the transmission
blocks TB, to TB, s (step S203).

[0359] Consequently, the 16 kinds of spread codes C, to
C,¢ are supplied in synchronism with each other at the same
time to the 16 transmission conductors 11Y selected by the
transmission conductor selection circuit 22 (step S204).
Then, the reception conductor selection circuit 31 acquires
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reception signals from the 16 reception conductors 12X
selected by the reception conductor selection circuit 31 as
output signals S, to S, The output signals S, to S, are
supplied to the correlation value calculation circuits 3501 to
3516, respectively, of the calculation processing circuit 35
through the amplification circuit 32 and the A/D conversion
circuit 33 (step S205).

[0360] Then, correlation calculation between digital
sample data and correlation value calculating codes C,' to
C, ¢ is carried out by the correlation value calculation circuits
3501 to 3516, respectively, and correlation values obtained as
a result of the correlation calculation are written into the
storage circuit 36M of the outputting circuit 36 through the
correlation value storage circuit 354 (step S206).

[0361] The control circuit 40 determines whether or not
supply of the spread codes C, to all of the transmission con-
ductors 11Y which form the cross points with the selected
reception conductors 12X has been carried out (step S207). If
it is determined at step S207 that the supply of the spread
codes C, has not been completed, then the processing returns
to step S203 and then the processes at and after step S203 are
repetitively carried out. Since the number of sets of plural
transmission conductors to be selected is four, it is determined
at step S207 whether or not the processes from step S203 to
step S206 have been carried out repetitively by four times.
[0362] On the other hand, if it is determined at step S207
that the supply of the spread codes to all of the transmission
conductors 11Y which form the cross points with the selected
reception conductors 12X has been completed, then it is
determined whether or not an output signal has been obtained
from all of the reception conductors 12X (step S208). If it is
determined at step S208 that supply of a transmission signal
to all of the transmission conductors 11Y has been carried out
and an output signal is not obtained from all of the reception
conductors 12X, then the processing returns to step S202 and
then the processes at and after step S202 are repetitively
carried out. Since the number of sets of plural reception
conductors to be selected is eight, it is determined at step
S208 whether or not the processes from step S202 to step
S207 are carried out repetitively by eight times.

[0363] Ifit is determined at step S208 that the supply of a
transmission signal to all of the transmission conductors 11Y
has been carried out and an output signal has been obtained
from all of the reception conductors 12X, then the control
circuit 40 controls the outputting circuit 36 to carry out a
position detection process of a pointer and output a result of
the detection (step S209). Thereafter, the control circuit 40
returns the processing to step S202 and repetitively carries out
the processes at and after step S202.

[0364] Inthe present second embodiment, since the control
circuit 40 need not carry out management and switching
control of the detection mode, it is simplified in circuit con-
figuration. It is to be noted that, the second embodiment is
similar to the first embodiment in that the position calculation
circuit 361 determines which one of the detection methods of
the electrostatic coupling method and the resistive film
method is used to detect a pointer depending upon whether or
not the correlation values stored in the storage circuit 36M are
higher than the reference value ref, and a result of the deter-
mination can be reflected in the output data of a pointer
detection result.

[0365] Further, since the pointer detection apparatus of the
first embodiment carries out switching control of the detec-
tion mode, it is sometimes difficult for the pointer detection
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apparatus of the first embodiment to detect a touching state or
ahovering state of the pointer 18 on the pointing input surface
1008 and a pressing state of the pointing input surface 100S
by the pointer 18 at the same time.

[0366] In contrast, the pointer detection apparatus of the
second embodiment can carry out detection regarding the
pointer 18 on or above the sensor section 100 simultaneously
based on both the electrostatic coupling method and the resis-
tance film method. Therefore, even if a pointing input opera-
tion based on touching of a pointer 18 is carried out at a certain
cross point on the pointing input surface 100S and a pressing
input operation by another pointer 18 is carried out at another
cross point, the pointer detection apparatus of the second
embodiment can easily detect them at the same time.

Third Embodiment

[0367] This third embodiment is also an example which
solves the problem that switching of the mode for each of the
1/V conversion circuits 3201 to 3216 by the control circuit 40
may not be able to follow the moving speed of a pointer 18. In
the present third embodiment, the capacitive touch detection
mode and the resistive touch detection mode are carried out
concurrently.

<First Configuration Example: FIGS. 30 to 32>

[0368] In the first configuration example of the present
third embodiment, a pointer detection process of the capaci-
tive touch detection mode and a pointer detection process of
the resistive touch detection mode are executed time-divi-
sionally to carry out both of the detection modes concurrently.
In the first configuration example of the present third embodi-
ment, the I/V conversion circuits 3201 to 3216 of the ampli-
fication circuit 32 have the configuration shown in FIG. 9
similarly as in the first embodiment. Then, the control circuit
40 has a configuration that the switch circuits 55 of the I/'V
conversion circuits 3201 to 3216 are changed (switched) by
the switch control signal SW1.

[0369] As shown in FIG. 30, the position detection circuit
34 is configured from a calculation processing circuit 35 and
an outputting circuit 360. Further, a mode changeover circuit
37 is interposed between the calculation processing circuit 35
and the outputting circuit 360. Further, in the present third
embodiment, the configuration of the outputting circuit 360 is
made different from that of the position detection circuit 34 in
the first embodiment. It is to be noted that the configuration of
the other part is similar to that of the first embodiment.
[0370] As shown in FIG. 30, the outputting circuit 360 in
the present example includes, in addition to the storage circuit
36M and the position calculation circuit 361, a capacitive
touch detection mode memory 362 and a resistive touch
detection mode memory 363 of a configuration which has
storage addresses corresponding to all cross points of the
sensor section 100 similarly to the storage circuit 36M, and a
synthesis processing circuit 364.

[0371] Further, the capacitive touch detection mode
memory 362 and the resistive touch detection mode memory
363 are connected at an individual output terminal thereof to
two input terminals of the synthesis processing circuit 364,
and the synthesis processing circuit 364 is connected at an
output terminal thereof to an input terminal of the storage
circuit 36M.

[0372] The mode switching circuit 37 is formed from 16
switch circuits 3701 to 3716 individually corresponding to
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the detectionblocks DB, to DB 4. The switch circuits 3701 to
3716 are connected at an individual input terminal thereof to
output terminals of the 16 correlation value calculation cir-
cuits 3501 to 3516 of the calculation processing circuit 35.
[0373] The switch circuits 3701 to 3716 have a C side
terminal (output terminal) and an R side terminal (output
terminal). The switch circuits 3701 to 3716 are connected at
the individual C side terminal thereof to an input terminal of
the capacitive touch detection mode memory and at the indi-
vidual R side terminal thereof to an input terminal of the
resistive touch detection mode memory 363. Further, the
switch circuits 3701 to 3716 are changed (switched) to the C
side output terminal when the detection mode is the capaci-
tive touch detection mode but to the R side output terminal
when the detection mode is the restive touch detection mode
in accordance with the switch control signal SW1 from the
control circuit 40, and the I/V conversion circuits 3201 to
3216 are changed (switched) similarly but in synchronism
with the switching by the switch circuits 55.

[0374] In the first configuration example of the present
third embodiment, since the detection mode is switched time-
divisionally between the capacitive touch detection mode and
the resistive touch detection mode, the switch control signal
SWI1 is used as a control signal for switching the detection
mode between the two detection modes. In the present
example, at a point of time at which pointer detection regard-
ing all cross points of the sensor section 100 in the capacitive
touch detection mode is completed, the detection mode is
switched to the resistive touch detection mode. Then, the
control circuit 40 supplies the switch control signal SW1 to
the switch circuits 55 of the I/V conversion circuits 3201 to
3216 and the switch circuits 3701 to 3716 to switch the switch
circuits 55 and the switch circuits 3701 to 3716 to the R side
terminal.

[0375] Further, at the point of time at which the pointer
detection with regard to all cross points of the sensor section
100 in the resistive touch detection mode is completed, the
control circuit 40 switches the detection mode to the capaci-
tive touch detection mode. Then, the control circuit 40 sup-
plies the switch control signal SW1 to the switch circuits 55 of
the I/V conversion circuits 3201 to 3216 and the switch cir-
cuits 3701 to 3716 to switch the switch circuits 55 and the
switch circuits 3701 to 3716 to the C side terminal. Therefore,
every time a point of time at which the pointer detection with
regard to all cross points of the sensor section 100 in one of the
detection modes of the capacitive touch detection mode and
the resistive touch detection mode is completed, the control
circuit 40 controls the control mode so as to switch to the
other one of the two detection modes.

[0376] Then, since the switch circuits 3701 to 3716 are
switched to the C side terminal as described above, when the
detection mode is the capacitive touch detection mode, the
correlation values calculated by the correlation value calcu-
lation circuits 3501 to 3516 are written into the capacitive
touch detection mode memory 362.

[0377] Further, since the switch circuits 3701 to 3716 are
switched to the R side terminal as described above, when the
detection mode is the resistive touch detection mode, the
correlation values calculated by the correlation value calcu-
lation circuits 3501 to 3516 are written into the resistive touch
detection mode memory 363.

[0378] Then, every time a pair of the capacitive touch
detection mode and the resistive touch detection mode is
completed, that is, for every two cycles of the start signal ST,
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the synthesis processing circuit 364 synthesizes the stored
contents of the capacitive touch detection mode memory 362
and the stored contents of the resistive touch detection mode
memory 363.

[0379] The synthesis process of the synthesis processing
circuit 364 is carried out, for example, in the following man-
ner. In particular, the synthesis processing circuit 364 refers to
the stored contents of the capacitive touch detection mode
memory 362 to search for a correlation value lower than the
reference value ref. Then, if a correlation value lower than the
reference value ref is found, then the synthesis processing
circuit 364 writes the correlation value into an address of the
storage circuit 36M that is the same as the address of the
capacitive touch detection mode memory 362 in which the
correlation value is written.

[0380] Further, the synthesis processing circuit 364 refers
to the stored contents of the resistive touch detection mode
memory 363 to search for a correlation value higher than the
reference value ref. Then, if a correlation value higher than
the reference value ref'is found, then the synthesis processing
circuit 364 writes the correlation value into an address of the
storage circuit 36M that is the same as the address of the
capacitive touch detection mode memory 362 in which the
correlation value is written.

[0381] Then, the synthesis processing circuit 364 writes a
correlation value (=reference value ref) which signifies no
existence of a pointer into the other addresses of the storage
circuit 36M. It is to be noted that, where an offset value is
subtracted from the correlation values upon writing of the
correlation values into the capacitive touch detection mode
memory 362 and the resistive touch detection mode memory
363, the reference value ref is ref=0 similarly as in the
embodiment described hereinabove.

[0382] When writing of the correlation values at all cross
points into the storage circuit 36M is completed, the control
circuit 40 clears the stored contents of the capacitive touch
detection mode memory 362 and the resistive touch detection
mode memory 363 in preparation for subsequent storage of
correlation values.

[0383] Then, in the first configuration example of the
present third embodiment, at a point of time at which the
stored contents of all cross points of the storage circuit 36 M
are rewritten, that is, after every two cycles of the start signal
ST, the position calculation circuit 361 carries out processing
that is the same as that in the case of the first embodiment
described hereinabove for the stored contents of the storage
circuit 36M to generate output data and outputs the output
data.

[0384] An example of a flow of general processing opera-
tion by the first configuration example of the third embodi-
ment is described with reference to a flow chart of FIG. 31 and
another flow chart of FIG. 32 which continues from the flow
chart of FIG. 31.

[0385] The control circuit 40 starts the processing of the
flow charts in FIGS. 31 and 32 at a point of time at which a
first start signal ST is generated. Then, the control circuit 40
executes one cycle of processing operation regarding all of
the cross points of the pointing input screen 100S while
switching the detection mode every time a second start signal
ST is generated. Then, the control circuit 40 controls the
outputting circuit 36 to carry out a position detection process
for every two start signals ST and controls the outputting
circuit 36 to output the output data of pointer detection.
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[0386] First, ifthetransmission load signal St,,, ; generated
one cycle of the clock signal CLK after the control circuit 40
outputs the start signal ST is supplied to the transmission
signal supplying circuit 21, then the transmission signal sup-
plying circuit 21 generates 16 kinds of spread codes C, to C, ¢
synchronized with the transmission load signal St,_, ; and the
clock signal CLK, and starts supply of the generated codes to
the transmission conductor selection circuits 22 (step S301).
[0387] Then, the control circuit 40 selects the capacitive
touch detection mode as the detection mode, and switches the
switch circuits 55 of the I/V conversion circuits 3201 to 3216
to the detecting capacitor 52 side with the switch control
signal SW1 and switches the switch circuits 3701 to 3716 to
the C side terminal (step S302).

[0388] Then, the control circuit 40 carries out switching
control of the switch circuits 3101 to 3116 of the reception
conductor selection circuit 31 in accordance with the switch
control signal SW3 generated based on the transmission load
signal St,,,, to select one reception conductor 12X from
within each of the detection blocks DB, to DB, (step S303).
[0389] Further, the control circuit 40 carries out switching
control of the switch circuits 2201 to 2216 of the transmission
conductor selection circuit 22 in accordance with the switch
control signal SW2 generated based on the transmission load
signal St,,,,, to select one transmission conductor 11Y from
within each of the transmission blocks TB,; to TB,, (step
S304).

[0390] Consequently, the 16 kinds of spread codes C, to
C, ¢ are supplied in synchronism with each other at the same
time to the 16 transmission conductors 11Y selected by the
transmission conductor selection circuit 22 (step S305).
Then, the reception conductor selection circuit 31 acquires
reception signals from the 16 reception conductors 12X
selected by the reception conductor selection circuit 31 as
output signals S, to S, The output signals S, to S, are
supplied to the correlation value calculation circuits 3501 to
3516 of the calculation processing circuit 35, respectively,
through the amplification circuit 32 and the A/D conversion
circuit 33 (step S306).

[0391] Then, correlation calculation between the digital
sample data and the correlation value calculating codes C,' to
C, ¢ is carried out by the correlation value calculation circuits
3501 to 3516, respectively, and correlation values obtained as
a result of the correlation calculation are written into the
capacitive touch detection mode memory 362 of the output-
ting circuit 36 through the correlation value storage circuit
35d (step S307).

[0392] The control circuit 40 determines whether or not
supply of the spread codes to all of the transmission conduc-
tors 11Y which form the cross points with the selected recep-
tion conductors 12X is completed (step S308). If it is deter-
mined at step S308 that the supply of the spread codes has not
been completed, then the processing returns to step S304 and
then the processes at and after step S304 are repetitively
carried out. Since a transmission block is formed of four
transmission conductors 12Y, the number of sets of plural
transmission conductors to be selected is four. Accordingly, it
is determined at step S308 whether or not the processes from
step S304 to step S307 have been carried out repetitively for
four cycles.

[0393] Then, if it is determined at step S308 that the supply
of'the spread codes to all of the transmission conductors 11Y
which form the cross points with the selected reception con-
ductors 12X has been completed, then it is determined
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whether or not an output signal has been obtained from all of
the reception conductors 12X (step S309). If it is determined
at step S309 that an output signal has not been obtained from
all of the reception conductors 12X, then the processing
returns to step S303 and then the processes at and after step
S303 are repetitively carried out. Since a detection block is
configured from eight reception conductors 12X, the number
of sets of plural reception conductors to be selected is eight.
Accordingly, it is determined at step S309 whether or not the
processes from step S303 to step S308 have been carried out
repetitively for eight times.

[0394] If it is determined at step S309 that supply of a
transmission signal to all of the transmission conductors 11Y
has been carried out and an output signal has been obtained
from all of the reception conductors 12X, then the control
circuit 40 generates a next start signal ST and switches the
detection mode to the resistive touch detection mode. In par-
ticular, the control circuit 40 switches the switch circuits 55 of
the I/V conversion circuits 3201 to 3216 to the detecting
resistor 54 side and switches the switch circuits 3701 to 3716
to the R side terminal with the switch control signal SW1
(step S311 in FIG. 32).

[0395] Then, the control circuit 40 carries out switching
control of the switch circuits 3101 to 3116 of the reception
conductor selection circuit 31 in accordance with the switch
control signal SW3 generated based on the transmission load
signal St,,,, to select one reception conductor 12X from
within each of the detection blocks DB, to DB, 4 (step S312).
[0396] Further, the control circuit 40 carries out switching
control of the switch circuits 2201 to 2216 of the transmission
conductor selection circuit 22 in accordance with the switch
control signal SW2 generated based on the transmission load
signal St,,_,, to select one transmission conductor 11Y from
within each of the transmission blocks TB, to TB,4 (step
S313).

[0397] Consequently, the 16 kinds of spread codes C, to
C,¢ are supplied in synchronism with each other at the same
time to the 16 transmission conductors 11Y selected by the
transmission conductor selection circuit 22 (step S314).
Then, the reception conductor selection circuit 31 acquires
reception signals from the 16 reception conductors 12X
selected by the reception conductor selection circuit 31 as
output signals S, to S,,. The output signals S, to S, are
supplied to the correlation value calculation circuits 3501 to
3516 of the calculation processing circuit 35, respectively,
through the amplification circuit 32 and the A/D conversion
circuit 33 (step S315).

[0398] Then, correlation calculation between the digital
sample data and the correlation value calculating codes C,' to
C,¢ is carried out by the correlation value calculation circuits
3501 to 3516, respectively, and correlation values obtained as
a result of the correlation calculation are written into the
resistive touch detection mode memory 363 of the outputting
circuit 36 through the correlation value storage circuit 354
(step S316).

[0399] The control circuit 40 determines whether or not
supply of the spread codes to all of the transmission conduc-
tors 11Y which form the cross points with the selected recep-
tion conductors 12X has been carried out (step S317). If it is
determined at step S317 that the supplying of the spread codes
has not been completed, then the processing returns to step
S313 and then the processes at and after step S313 are repeti-
tively carried out. Since the number of sets of plural trans-
mission conductors to be selected is four, it is determined at
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step S317 whether or not the processes from step S313 to step
S316 have been carried out repetitively for four cycles.
[0400] Then, if it is determined at step S317 that supply of
the spread codes to all of the transmission conductors 11Y
which form the cross points with the selected reception con-
ductors 12X has been completed, then it is determined
whether or not supply of a transmission signal to all of the
transmission conductors 11Y has been carried out and an
output signal has been acquired from all of the reception
conductors 12X (step S318). If it is determined at step S318
that an output signal has not been acquired from all of the
reception conductors 12X, then the processing returns to step
S312 and then the processes at and after step S312 are repeti-
tively carried out. Since the number of sets of plural reception
conductors to be selected is eight, it is determined at step
S318 whether or not the processes from step S312 to step
S317 have been carried out repetitively for eight times.
[0401] On the other hand, if it is determined at step S318
that the supply of a transmission signal to all of the transmis-
sion conductors 11Y has been carried out and an output signal
has been obtained from all of the reception conductors 12X,
then the synthesis processing circuit 364 of the outputting
circuit 36 refers to and synthesizes the stored contents of the
capacitive touch detection mode memory 362 and the resis-
tive touch detection mode memory 363 with each other and
then writes a result of the synthesis into the storage circuit
36M. Then, the position calculation circuit 361 carries out,
regarding the stored contents of the storage circuit 36M, a
position detection process and a generation process of output
data of a result of the pointer detection as described above and
then outputs the generated output data (step S319).

[0402] The control circuit 40 returns the processing to step
S302 after the process at step S319 and then starts pointer
detection by the capacitive touch detection mode again. Then,
the control circuit 40 repetitively carries out the processes at
and after step S302 described above.

[0403] In this manner, in the first configuration example of
the present third embodiment, output data of a pointer detec-
tion result are obtained in a unit of two cycles of the start
signal ST.

[0404] It is to be noted that, in the first configuration
example of the present third embodiment described above,
the three memories including the capacitive touch detection
mode memory 362, resistive touch detection mode memory
363, and storage circuit 36M are used. However, if an over-
writable memory is used for the storage circuit 36M and a
configuration described below is applied, then a configuration
which uses only one memory (that is, the storage circuit 36 M)
can be achieved while omitting the capacitive touch detection
mode memory 362 and the resistive touch detection mode
memory 363.

[0405] In particular, the position detection circuit 34 carries
out, in the first half of a unit of two cycles of the start signal
ST, calculation of correlation values for pointer detection in
one of the detection modes of the capacitive touch detection
mode and the resistive touch detection mode and writes the
calculated correlation values into the storage circuit 36 M.
[0406] Then, the position detection circuit 34 carries out, in
the latter half of the unit of two cycles of the start signal ST,
calculation of correlation values for pointer detection in the
other detection mode. Then, prior to writing the calculated
correlation values into the storage circuit 36M, the position
detection circuit 34 refers to and compares the calculated
correlation values and the reference value ref with each other
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and determines, based on a result of the comparison, whether
ornot writing into the storage circuit 36 M should be executed.
[0407] In particular, if a correlation value calculated in the
other detection mode which is to be newly written has a value
equal to the reference value ref, then the correlation value is
not written into a corresponding address of the storage circuit
36M. On the other hand, if the correlation value calculated in
the other detection mode which is to be newly written has a
value different from the reference value ref, then the position
detection circuit 34 refers to the correlation value already
written in the corresponding address of the storage circuit
36M and, if the correlation value referred to is equal to the
reference value ref, overwrites it with the correlation value to
be newly written. If the correlation value at the corresponding
address has a value different from the reference value ref,
which is indicative of presence of a pointer, then the position
detection circuit 34 leaves the correlation value already writ-
ten and does not carry out overwriting of the correlation
value.

[0408] By controlling the writing of results of calculation in
the two detection modes into the storage circuit 36M in such
a manner as described above, only the storage circuit 36M
needs to be provided, that is, the number of memories for all
cross points to be provided in the position detection circuit 36
may be only one.

[0409] It is to be noted that, while, in the configuration
example 1 described above, the detection mode is switched
between the capacitive touch detection mode and the resistive
touch detection mode for every start signal ST, the switching
timing of the detection mode is not limited to this configura-
tion. For example, a period of one cycle of the clock signal
CLK may be divided into two divisional periods for the
capacitive touch detection mode and the resistive touch detec-
tion mode such that, for every Y2 cycle of the clock signal
CLK, the detection mode may be switched alternately
between the capacitive touch detection mode and the resistive
touch detection mode. It is to be noted that, in this instance,
the circuit of the reception section 300 is configured so as to
operate at a clock rate equal to twice that of the embodiments
described hereinabove.

[0410] Alternatively, the period within which 16 spread
codes are supplied at the same time in synchronism with each
other to a plurality of transmission conductors may be set
equal to two cycles of the spread codes such that the detection
mode is switched between the capacitive touch detection
mode and the resistive touch detection mode alternately
between the first cycle as the first half and the second cycle as
the latter half.

<Second Configuration Example: FIG. 33>

[0411] The second configuration example of the third
embodiment is configured such that a pointer detection pro-
cess in the capacitive touch detection mode and a pointer
detection process in the resistive touch detection mode are
carries out always concurrently without being executed time-
divisionally.

[0412] FIG. 33 shows an example of a configuration of the
reception section 300 of the pointer detection apparatus of the
second configuration example of the present third embodi-
ment. It is to be noted that the configuration of the other part
is similar to that of the first embodiment.

[0413] Asshown in FIG. 33, in the present second configu-
ration example, the reception section 300 includes, for the
capacitive touch detection mode, an amplification circuit
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32C, an A/D conversion circuit 33C and a calculation pro-
cessing circuit 35C, and includes, for the resistive touch
detection mode, an amplification circuit 32R, an A/D conver-
sion circuit 33R and a calculation processing circuit 35R.
Further, the position detection circuit 34 includes an output-
ting circuit 360 similarly as in the first configuration example.
[0414] The reception conductor selection circuit 31' in the
present second configuration example includes two sets of the
16 switch circuits described hereinabove with reference to
FIG. 14 in regard to the first embodiment for the capacitive
touch detection mode and for the resistive touch detection
mode. In particular, in the reception conductor selection cir-
cuit 31, switch circuits 3101C to 3116C are for the capacitive
touch detection mode, and switch circuits 3101R to 3116R
are for the resistive touch detection mode.

[0415] Further, the switch circuits 3101C to 3116C output
respective output signals (current signals) S;C to S,,C each
from one reception conductor selected from among the recep-
tion conductors of a corresponding one of the detection
blocks DB, to DB, .. Also the switch circuits 3101R to 3116R
output respective output signals (current signals) S;R to S, ;R
each from one reception conductor from among the reception
conductors of a corresponding one of the detection blocks
DB, to DB ;. It is to be noted, however, the switch circuits
3101C to 3116C and the switch circuits 3101R to 3116R are
changed over (switched) in accordance with switching con-
trol signals from the control circuit 40 so as not to select the
same reception conductor at the same time.

[0416] In particular, for example, if a case in which the
switch circuit 3101C and the switch circuit 3101R for select-
ing one reception conductor from within the detection block
DB, is taken as an example, then the switch circuit 3101C and
the switch circuit 3101R are switched such that, when the
switch circuit 3101C selects the reception conductor 12X,
the switch circuit 3101R selects the reception conductor 12X,
displaced by one conductor distance from the reception con-
ductor 12X, and then, when the switch circuit 3101C subse-
quently selects the reception conductor 12X, the switch cir-
cuit 3101R selects the reception conductor 12X at a position
displaced by one conductor distance from the reception con-
ductor 12X, and so forth.

[0417] The amplification circuit 32C and the amplification
circuit 32R individually include 16 1/V conversion circuits
(not shown) which amplify and convert the output signals
(current signals) S;Cto S, ;Cand S, Rto S, ;R of the reception
conductor selection circuit 31" into voltage signals similarly
to the amplification circuit 32 of the first embodiment
described hereinabove. In this instance, the 16 I/V conversion
circuits of the amplification circuit 32C each have the con-
figuration for the electrostatic coupling method shown in
FIG. 5. Meanwhile, the 16 I/V conversion circuits of the
amplification circuit 32R each have the configuration for the
resistance value method shown in FIG. 8.

[0418] The output signals S,C to S,,C of the reception
conductor selection circuit 31' are inputted to the 16 I/'V
conversion circuits of the amplification circuit 32C, and the
output signals S;R to S, 4R are inputted to the amplification
circuit 32R.

[0419] The A/D conversion circuits 33C and 33R each
include 16 A/D converters for converting output signals of the
16 1/V conversion circuits of the amplification circuits 32C
and 32R into digital sample data synchronized with the clock
signal CLK similarly to the A/D conversion circuit 33 in the
first and second embodiments described hereinabove.
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[0420] In the present example, the 16 I/V conversion cir-
cuits of the amplification circuit 32C are connected at an
output terminal thereof to input terminals of the 16 A/D
converters of the 16 A/D conversion circuit 33C. Meanwhile,
the 16 I/V conversion circuits of the amplification circuit 32R
are connected at an output terminal thereof to input terminals
of'the 16 A/D converters of the A/D conversion circuit 33R.

[0421] The calculation processing circuits 35C and 35R
individually include 16 correlation value calculation circuits
each including a shift register of 16 stages corresponding to
16 chips of the spread codes on the input side thereof similarly
to the calculation processing circuit 35 in the first and second
embodiments described hereinabove.

[0422] Inthe present example, the 16 A/D converters of the
A/D conversion circuit 33C are connected at an output termi-
nal thereof to input terminals of the 16 correlation value
calculation circuits of the calculation processing circuit 35C.
Meanwhile, the 16 A/D converters of the A/D conversion
circuit 33R are connected at an output terminal thereof to
input terminals of the 16 correlation value calculation circuits
of the calculation processing circuit 35R.

[0423] Outputs of the 16 correlation value calculation cir-
cuits of the calculation processing circuit 35C are supplied to
the capacitive touch detection mode memory 362, and out-
puts of the 16 correlation value calculation circuits of the
calculation processing circuit 35R are supplied to the resistive
touch detection mode memory 363.

[0424] Since the present example is configured in such a
manner as described above, the output signals S;Cto S, ,C of
the reception conductor selection circuit 31' are amplified and
converted into voltage signals by the 16 I/V conversion cir-
cuits of the amplification circuit 32C. The output signals from
the 16 1/V conversion circuits of the amplification circuit 32C
are converted into digital sample data by the 16 A/D convert-
ers provided in the A/D conversion circuit 33C.

[0425] Then, the digital sample data from the A/D conver-
sion circuit 33C are transferred to and retained into the shift
registers individually provided in the 16 correlation value
calculation circuits of the calculation processing circuit 35C.

[0426] Then, the 16 correlation value calculation circuits of
the calculation processing circuit 35C carry out correlation
calculation of the digital sample data retained in the respec-
tive shift registers and the 16 correlation value calculating
codes as described hereinabove. Then, the calculated corre-
lation values are written into the capacitive touch detection
mode memory 362 of the outputting circuit 360.

[0427] In this manner, the correlation values at all cross
points of the sensor section 100 are written as a result of
detection of a pointer by the electrostatic coupling method
into the capacitive touch detection mode memory 362 per a
period corresponding to one cycle of the start signal ST.

[0428] Concurrently with this, also into the resistive touch
detection mode memory 363, correlation values of all cross
points of the sensor section 100 are written as a result of
detection of a pointer by the resistance film method per a
period of one cycle of the start signal ST.

[0429] In particular, the output signals S;R to S, R of the
reception conductor selection circuit 31 are amplified and
converted into voltage signals by the 16 I/V conversion cir-
cuits of the amplification circuit 32R. The output signals from
the amplification circuit 32 are converted into digital sample
data by the 16 A/D converters provided in the A/D conversion
circuit 33R.
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[0430] Then, the digital sample data from the A/D conver-
sion circuit 33R are transferred to and retained into the shift
registers provided in the 16 correlation value calculation cir-
cuits of the calculation processing circuit 35R.

[0431] Then, the 16 correlation value calculation circuits of
the calculation processing circuit 35R carry out correlation
calculation between the digital sample data retained in the
shift registers and the 16 correlation value calculating codes
as described hereinabove and write the calculated correlation
values into the resistive touch detection mode memory 363 of
the outputting circuit 360.

[0432] If the correlation values corresponding to all cross
points of the sensor section 100 are written into the capacitive
touch detection mode memory 362 and the resistive touch
detection mode memory 363 in this manner, then the synthe-
sis processing circuit 364 carries out a synthesis process for
the correlation values stored in the capacitive touch detection
mode memory 362 and the resistive touch detection mode
memory 363 in a similar manner as in the case of the first
configuration example of the third embodiment described
hereinabove. Then, the synthesis processing circuit 364
writes the correlation values after the synthesis process into
the storage circuit 36M in a similar manner as in the case of
the first configuration example of the third embodiment
described hereinabove.

[0433] The correlation values of a result of the synthesis
process of the correlation values stored in the capacitive touch
detection mode memory 362 and the resistive touch detection
mode memory 363 in this manner are stored into the storage
circuit 36M per every one cycle of the start signal ST.
[0434] The position calculation circuit 361 generates out-
put data of the position detection process and the pointer
detection from the correlation values stored in the storage
circuit 36M per every one cycle of the start signal ST in
accordance with a control signal from the control circuit 40
and outputs the output data.

[0435] Itisto be notedthat, also in the second configuration
example of the third embodiment described above, if an over-
writable memory is used for the storage circuit 36M and a
synthesis process of the correlation values calculated in the
capacitive touch detection mode and the correlation values
calculated in the resistive touch detection mode is carried out
in the following manner similarly as in the first configuration
example, then a configuration can be achieved which uses a
single memory (that is, the storage circuit 36M) for all cross
points while omitting the capacitive touch detection mode
memory 362 and the resistive touch detection mode memory
363.

[0436] In other words, the synthesis processing circuit 364
carries out a synthesis process of outputs of correlation values
from the calculation processing circuit 35C and outputs of
correlation values from the calculation processing circuit 35R
and then writes results of the synthesis process into the stor-
age circuit 36 M.

[0437] Inthis instance, the synthesis processing circuit 364
refers to and compares a correlation value calculated in the
capacitive touch detection mode from the calculation pro-
cessing circuit 35C and a correlation value calculated in the
resistive touch detection mode from the calculation process-
ing circuit 35R with regard to the same cross point and deter-
mines a correlation value to be written based on a result of the
comparison.

[0438] Inparticular, if both ofa correlation value calculated
in the capacitive touch detection mode and a correlation value
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calculated in the resistive touch detection mode with regard to
the same cross point are equal to the reference value ref, then
the reference value ref is written as a correlation value at the
cross point into the storage circuit 36M.

[0439] On the other hand, if one of the two correlation
values has a value different from the reference value ref in a
direction corresponding to the detection in such a manner that
the correlation value calculated in the capacitive touch detec-
tion mode has a value equal to or lower than the reference
value ref or the correlation value calculated in the resistive
touch detection mode has a value higher than the reference
value ref, then that correlation value is written as a correlation
value at the cross point into the storage circuit 36M.

[0440] With the second configuration of the present third
embodiment, a result of pointer detection is obtained for each
cycle of the start signal ST similarly as in the first embodi-
ment. Further, detection of a pointer at each of a plurality of
different cross points on the pointing input surface 100S can
be carried out, and a pointer in a contacting or hovering state
and another pointer which presses a cross point can be
detected at the same time.

Fourth Embodiment

Example of an Improved Configuration Where an
Hadamard Code is Used as a Spread Code

[0441] The present fourth embodiment is an example of an
improvement of the pointer detection apparatus of the first
embodiment.

[0442] In the pointer detection apparatus of the first
embodiment, a transmission signal from the transmission
section 200 is supplied to a transmission conductor 11Y, and
a reception signal (current signal) corresponding to the trans-
mission signal (voltage signal) is obtained from a reception
conductor 12X which spatially crosses with the transmission
conductor 11Y. Then, since the current value of the reception
signal when a pointer does not exist above or on the pointing
input surface 100S and the current value of the reception
signal when a pointer exists above or on the sensor section
100 as in a hovering state or in a contacting state are difterent
from each other, a current variation of the reception signal is
detected to detect a pointer above or on the pointing input
surface 1008S.

[0443] In this instance, since the reception signal obtained
from the reception conductor 12X in the capacitive touch
detection mode has a low level, it is important for an I/'V
conversion circuit of the amplification circuit 32 to be con-
figured such that a high gain (amplitude gain) can be obtained
sufficiently.

[0444] Incidentally, the embodiment described above is
configured such that a plurality of transmission signals are
supplied at the same time to a plurality of transmission con-
ductors and the reception section 300 separates and detects
reception signal components corresponding to the plural
transmission signals so that high-speed pointer detection can
be carried out.

[0445] Further, in the embodiment described above, spread
codes are used as the plural transmission signals, and particu-
larly, Hadamard codes which are orthogonal to each other and
have a high degree of separation are used as the spread codes.
For example, in the embodiment described above, as shown
also in FIG. 34(A), an Hadamard matrix of 16 rowsx16 col-
umns is generated and Hadamard codes in each row of the
Hadamard matrix are used as 16 spread codes C, to C,.
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[0446] Further, in the embodiment described above, the 16
spread codes C, to C, are supplied at the same time in
synchronism with each other to the 16 transmission conduc-
tors 11Y. In particular, in FIG. 34(A), the chips PN, PN,, ..
., PN, ¢ of the 16 spread codes C, to C, 4 are supplied at the
same time in synchronism with each other to the 16 transmis-
sion conductors.

[0447] Accordingly, from a reception conductor 12X
which crosses with the 16 transmission conductors 11Y, a
signal corresponding to the sum of data of the chips PN, PN,
..., PN, 4 of the 16 spread codes C, to C,, is obtained as a
reception signal. In other words, a current signal equal to the
sum of data at the same chip positions in the column direction
of the Hadamard matrix of FIG. 34(A) is obtained from each
of the reception conductors 12X for each one chip of the
spread codes C, to C, 4 of the transmission signals.

[0448] While the 16 chips of the spread code C, in the top
row from among the spread codes C, to C,, formed from the
16 Hadamard codes of the example of F1G. 34(A) are all “1s,”
the 16 chips in the other spread codes C, to C, 4 includes eight
“1s” and eight “~1s.”

[0449] Further, the Hadamard matrix in FIG. 34(A) is a
symmetric matrix, and code strings in a row direction and
code strings in a column direction are the same as each other.
Accordingly, the code strings in the column direction are also
Hadamard codes, and as can be recognized from FIG. 34(A),
at a timing of the first chips PN, of the 16 spread codes C, to
C, ¢, a current signal corresponding to the sum of 16 “1s” is
obtained from one reception conductor 12X. Further, at each
of timings of the second and succeeding chips PN, to PN
from among the 16 spread codes C, to C , a current signal of
the zero level which is the sum of eight “1s” and eight “~1s”
is obtained from one reception conductor 12X.

[0450] It is necessary for the amplification gain of the I/'V
conversion circuits of the amplification circuit 32 to be set
such that an output signal corresponding to the level of a
current signal to be detected is obtained at timings of all chips
without causing saturation. To this end, where the Hadamard
codes of 16 chips of FIG. 34(A) are used as the spread codes
C, to C,, it is necessary also to set the amplification gain of
the I/V conversion circuits of the amplification circuit 32 to a
comparatively low amplification ratio with which the current
signal corresponding to the sum of 16 “1s” at the timing of the
first chip PN, is not placed into a saturation state. However,
where the amplification gain is set to such a low amplification
ratio as just described, there is the possibility that the ampli-
fication gain of the I/V conversion circuits of the amplifica-
tion circuit 32 may be insufficient to detect a current variation
of'a low level in the electrostatic coupling method.

[0451] Therefore, in the present fourth embodiment, 16
spread codes MC, to MC, ¢ (refer to FIG. 34(B)) each includ-
ing 15 chips are used as spread codes to be generated from the
transmission signal supplying circuit 21, without using the
first one chip PN, whichis “1” in all of the 16 spread codes C,
to C, ; from within the Hadamard matrix of 16 rowsx16 col-
umns shown in FIG. 34(A).

[0452] In particular, as can be seen from FIG. 34(B), the 16
spread codes MC, to MC,  include the second and succeed-
ing chips PN, to PN, ; of the 16-chip spread codes C, to C, s of
FIG. 34(A) as 15 chips PN, to PN, ; thereof. Accordingly, at
the timing of each of the 15 chips PN, to PN 5 of the 16 spread
codes MC, to MC,, eight “1s” are supplied to eight trans-
mission conductors 11Y and eight “~1s” are supplied to other
eight transmission conductors 11Y. Therefore, from one
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reception conductor 12X which crosses with the sixteen
transmission conductors, a current signal of the zero level
which is the sum of eight “1s” and eight “~1s” is obtained.
Therefore, the current signal does not exhibit such a high level
as in the case of 16 chips at the timing of the top chip.

[0453] Accordingly, with the pointer detection apparatus of
the present fourth embodiment, it is possible to set the ampli-
fication gain of the I/V conversion circuits of the amplifica-
tion circuit 32 to a high level.

[0454] However, where the spread codes MC, to MC, 4
formed without using the top chips corresponding to the
column which includes all “1s” in a 16x16 Hadamard matrix
asinthe present example are used as the 16 spread codes to be
generated from the transmission signal supplying circuit 21, it
has been found that the following problem occurs. In the
following, the problem is described taking a case of a 4x4
Hadamard matrix as an example. It is to be noted that this
problem appears in pointer detection in accordance with the
electrostatic coupling method.

[0455] FIGS. 35 and 36 are views illustrating a case in
which spread codes C, to C, which use all of the chips in the
rows of Hadamard codes of a 4x4 Hadamard matrix are
supplied at the same time in synchronism with each other to
the four transmission conductors 11Y, to 11Y,, and correla-
tion values are obtained between a reception signal (current
signal) obtained from the one reception conductor 12X, and
the spread codes C, to C,.

[0456] FIG. 35 illustrates a case in which a pointer does not
existabove or on the pointing input surface 100S, and FIG. 36
illustrates another case in which a pointer 18 is, for example,
in contact with the cross point between the transmission con-
ductor 11Y, and the reception conductor 12X,. It is to be
noted that, in FIGS. 35 and 36, correlation value calculating
codes for obtaining correlation values between the reception
signal and the spread codes C, to C, are represented as spread
codes C,' to C,' in conformity with the example described
hereinabove.

[0457] In the following description, it is assumed that,
when the spread codes C, to C, are applied to the transmission
conductors 11Y in a state in which a pointer 18 does not exist
above or on the pointing input surface 1008, signal levels D,
to D, in accordance with the transmission signals supplied to
the four transmission conductors 11Y, to 11Y, are obtained
from the reception conductor 12X, which cross with the four
transmission conductors 11Y, to 11Y,, respectively.

[0458] Further, in FIGS. 35 and 36, a reception signal
obtained from the reception conductor 12X is supplied to an
A/D conversion circuit 33 through an amplification circuit 32
which includes an I/V conversion circuit which in turn
includes an operational amplifier 51 and a detecting capacitor
52. Then, the reception signal obtained from the reception
conductor 12X, is converted into digital sample data by the
A/D conversion circuit 33 to obtain output signals PS,, PS,,
PS; and PS, corresponding to the four chips of the spread
codes C, to C, and then retained into a shift register 35a of the
correlation value calculation circuit.

[0459] Then, the outputsignals PS, to PS, corresponding to
the four chips of the spread codes retained in the shift register
35a and the correlation value calculating codes C,'to C,' are
supplied to a correlator 355, by which correlation calculation
is carried out.
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[0460] First, the values of the output signals PS,, PS,, PS;
and PS, in a state in which a pointer 18 does not exist above
or on the pointing input surface 1008 and correlation values
are described.

[0461] Since all of the first chips of the spread codes C, to
C, are “1” as described hereinabove, the value of the output
signal PS| becomes such a high value as shown at a left lower
portion in FIG. 35. Accordingly, as described hereinabove,
where the Hadamard codes of four chips are used as the
spread codes C, to C,, it is necessary for the amplification
gain of the I/'V conversion circuits of the amplification circuit
32 to be set to such a comparatively low amplification ratio
with which no saturation occurs with a current signal of a high
value corresponding to the sum of four “1s” at the timing of
the first chip PS, described hereinabove. Therefore, if the
amplification gain is set to such a low amplification ratio as
just described, then there is the possibility that the amplifica-
tion gain of the I/V conversion circuits of the amplification
circuit 32 may become insufficient to detect a current varia-
tion of a low level in the electrostatic coupling method. It is to
be noted that the value of the output signals PS,, PS; and PS,
corresponding to the second and succeeding chips is zero.
[0462] Further, four correlation values between the output
signals PS, to PS, retained in the shift register 35a and the
correlation value calculating codes C,' to C,' all exhibit a
predetermined value as shown at a right lower portion of FIG.
35 because the output signal PS, assumes a value other than
zero. In this instance, if it is assumed that all of the electro-
static coupling capacitances at the cross points of the trans-
mission conductors 11Y, to 11Y,, and the reception conduc-
tor 12X, are equal to each other, then since D,=D,=D;=D,,
the correlation values in the state in which the pointer 18 does
not exist above or on the pointing input surface 100S are all
equal to each other (the reference value ref described herein-
above) as described hereinabove.

[0463] Now, the values of the output signals PS,, PS,, PS;
and PS, in a state in which a pointer 18 is, for example, in
touch with the cross point between the transmission conduc-
tor 11Y, and the reception conductor 12X, as shown in FIG.
36 and correlation values are described.

[0464] Inthis instance, since the pointer 18 is in touch with
the cross point between the transmission conductor 11Y, and
the reception conductor 12X, the values of the output signals
PS,, PS,, PS; and PS, reflect a decreasing amount of the
signal level D, as shown at a left lower portion of FIG. 36.
[0465] Then, the four correlation values of the output sig-
nals PS; to PS, retained in the shift register 354 and the
correlation value calculating codes C,' to C,' assume such
values as shown at a right lower portion of FIG. 36. In par-
ticular, the correlation value regarding the correlation value
calculating code C,' corresponding to the spread code C,
decreases by an amount corresponding to a decreasing
amount of the signal level D, from the reference value ref
while the other three correlation values are equal to the ref-
erence value ref.

[0466] In this instance, since a component which reflects
the decreasing amount of the signal level D, appearing in each
of the digital sample data PS,, PS; and PS, is canceled upon
calculation of the correlation values with the correlation value
calculating codes C,', C, and C,', the component does not
appear with the correlation values, and the correlation values
are equal to the reference value ref. Meanwhile, the correla-
tion value regarding the correlation value calculating code C,'
corresponding to the spread code C, becomes lower than the
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reference value ref by an amount corresponding accurately to
the decreasing amount of the signal level D,.

[0467] Accordingly, if the reference value ref which is a
correlation value in the state in which the pointer 18 does not
existabove or on the pointing input surface 100S is subtracted
from the calculated correlation values, then the correlation
value regarding only the correlation value calculating code
C,' corresponding to the spread code C, assumes a negative
value which corresponds accurately to the decreasing amount
of the signal level D,.

[0468] In order to eliminate the problem that the amplifi-
cation gain of the I/V conversion circuits of the amplification
circuit 32 is set small where the first one chip of each row of
the Hadamard codes in the 4x4 Hadamard matrix is used, the
spread codes MC, to MC, which do not use the first 1 chip
should be used as described hereinabove.

[0469] In reference to FIGS. 37 and 38, a case is described
in which the spread codes MC, to MC, which do not use the
first 1 chip of each row of the Hadamard codes of the 4x4
Hadamard matrix are supplied at the same time in synchro-
nism with each other to the four transmission conductors
11Y, to 11Y,, and correlation values are obtained between a
reception signal from the reception conductor 12X, and the
spread codes MC, to MC,. It is to be noted that, in FIGS. 37
and 38, the correlation value calculating codes for obtaining
correlation values between the reception signal and the spread
codes MC, to MC, are represented as spread codes MC,' to
MC,' in conformity with the example described hereinabove.
[0470] Inparticular, FIGS. 37 and 38 are views correspond-
ing to FIGS. 35 and 36, respectively, and FIG. 37 illustrates a
case in which the pointer 18 does not exist above or on the
pointing input surface 100S and FIG. 38 illustrates another
case in which the pointer 18 is, for example, in contact with
the cross point between the transmission conductor 11Y, and
the reception conductor 12X.

[0471] InFIGS. 37 and 38, areception signal obtained from
the reception conductor 12X is supplied to the A/D conver-
sion circuit 33 through the amplification circuit 32 and con-
verted into output signals PS,, PS; and PS, corresponding to
the three chips of the spread codes MC, to MC,,. The output
signals PS,, PS; and PS, are retained into the shift register
354 of the correlation value calculation circuit.

[0472] Then, the output signals PS, to PS, retained in the
shift register 35a and the correlation value calculating codes
MC,' to MC,' are supplied to the correlator 355, by which
correlation calculation is carried out.

[0473] First, the values of the output signals PS,, PS; and
PS, in a state in which the pointer 18 does not exist above or
on the pointing input surface 100S as shown in FIG. 37 and
correlation values are described.

[0474] As described hereinabove, the output signals PS,,
PS; and PS, corresponding to the chips of the spread codes
MC, to MC, have the value 0. Also, the four correlation
values between the output signals PS, to PS, retained in the
shift register 354 and the spread codes MC,' to MC,' are all
equal to zero as shown at a right lower portion of FIG. 37. In
other words, the reference value ref for the correlation values
is zero and also the correlation values are zero.

[0475] Now, the values of the output signals PS,, PS; and
PS, in a state in which the pointer 18 is, for example, in
contact with the cross point between the transmission con-
ductor 11Y, and the reception conductor 12X, as shown in
FIG. 38 and the correlation values are described.
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[0476] In this instance, since the pointer 18 is touching the
cross point between the transmission conductor 11Y, and the
reception conductor 12X, the signal level D, drops. There-
fore, the values of the output signals PS,, PS; and PS, reflect
the decreasing amount of the signal level D, and do not
become equal to zero as shown at a left lower portion of FIG.
38.

[0477] Thus, the four correlation values between the output
signals PS, to PS, retained in the shift register 35a and the
correlation value calculating codes C,' to C,' become such
values as shown at a right lower portion of FIG. 38. In par-
ticular, the correlation value regarding the correlation value
calculating code C,' corresponding to the spread code C,
decreases by an amount corresponding to the decreasing
amount of the signal level D, from zero while the remaining
three correlation values are displaced by an amount (referred
to as an offset) corresponding to the decreasing amount of the
signal level D, from zero.

[0478] In this instance, the average value of the four corre-
lation values is zero. Further, the four correlation values vary
upwardly and downwardly around the average value of zero
in response to the touching state or the hovering state of a
pointer.

[0479] This gives rise to a problem that, where the correla-
tion value regarding a spread code corresponding to an origi-
nal cross point, which the pointer 18 is touching, is detected as
the reference level ref=zero, a correlation value of the nega-
tive polarity obtained at the cross point, at which the pointer
exists, as detected by the electrostatic coupling method
becomes lower by an amount corresponding to the offset,
resulting in the possibility that detection of a pointer may not
be carried out correctly.

[0480] In order to solve this problem, in connection with
the example of FIG. 38, offset amounts appearing in the
correlation values between the output signals PS,, PS; and
PS, and the correlation value calculating codes C,', C'; and
C,' are subtracted from the calculated correlation values to
carry out correction. This way, since the reference value refto
be used for the pointer position detection can be set to zero in
a state in which the amount corresponding to the offset is
eliminated, a negative correlation value can be detected cor-
rectly.

[0481] The offset amounts appearing in the correlation val-
ues between the output signals PS,, PS; and PS, and the
correlation value calculating codes C,', C'; and C,' are caused
by drop of the signal level D, when, in the example of FIG. 38,
the pointer 18 touches the cross point between the transmis-
sionconductor 11Y , and the reception conductor 12X . Then,
the offset amounts can be detected correctly from the corre-
lation values regarding the spread codes through the other
transmission conductors 11Y, 11Y; and 11Y, to which a
pointing input operation such as touching is not carried out by
the pointer 18.

[0482] However, it should be noted here that the transmis-
sion conductor 11Y from which the offset amount is to be
detected is a transmission conductor 11Y at a position at
which a pointing input operation such as touching is not
carried out by the pointer 18 while a pointing input operation
such as touching is carried out by the pointer 18 on the
pointing input surface 100S. Accordingly, in order to satisfy
this condition, the transmission conductor 11Y from which an
offset amount is to be detected must always be in a state in
which a pointing input operation such as touching is not
carried out by the pointer 18.
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[0483] As ameasure for this, an arbitrary one of a plurality
of spread codes that are different from each other may be
obtained from a transmission conductor 11Y, to which a
masking process or the like is applied so that a pointing input
operation such as touching by a pointer 18 cannot be detected.
[0484] However, it is difficult to apply such a masking
process as just described above to a transmission conductor
11Y. Further, even if it is possible to apply a masking process,
there is the possibility that the sensor section 100 may be
complicated in structure and the cost may become high.
[0485] Therefore, in the present fourth embodiment, an
arbitrary one of a plurality of spread codes that are different
from each other is not supplied to a transmission conductor
11Y but is supplied directly to an output signal of a reception
conductor 12X. If this measure is taken, then the spread code
can be added to the output signal of the reception conductor
12X without passing through a cross point to which a pointing
input operation such as touching is applied by the pointer 18,
and an offset amount can be detected as a detection value of
the spread code. Then, by correcting the correlation value
calculated by the correlation value calculation circuit with the
detected offset amount, it is possible to always detect a
pointer correctly.

[0486] A configuration of essential part where the present
fourth embodiment is applied to the pointer detection appa-
ratus of the first embodiment described hereinabove is shown
in FIGS. 39 and 40. The configuration of the present fourth
embodiment is an example of a case in which the spread code
C, from among the 16 spread codes C, to C,, is used as a
spread code for detection of an offset amount. It is to be noted
that like components to those of the first embodiment are
denoted by like reference characters and detailed description
of the same is omitted.

[0487] FIG. 39 is a view showing an example of a configu-
ration of a sensor section 100', a transmission section 200" and
a portion of a reception section 300' up to an amplification
circuit 32 in the case of the present fourth embodiment.
Meanwhile, FIG. 40 is a view showing an example of a
configuration of a position detection circuit 34' in the case of
the present fourth embodiment. The other part is configured
similarly to that in the first embodiment.

[0488] As shown in FIG. 39, the sensor section 100" in the
present fourth embodiment does not have the four transmis-
sion conductors 11Y, to 11Y, of the transmission block TB1
in the sensor section 100 of the first embodiment. Accord-
ingly, in the sensor section 100" in the fourth embodiment, the
number of transmission conductors is 60. It is to be noted that,
also in the present fourth embodiment, the reception conduc-
tor group 12 is similar to that in the first embodiment includ-
ing the configuration of the detection blocks DB1 to DB16.
[0489] And, in the present fourth embodiment, since the
transmission block TB, does not exist, the transmission con-
ductor selection circuit 22' does not have the switch circuit
2201 of the transmission conductor selection circuit 22 in the
case of the first embodiment.

[0490] And, as shown in FIG. 39, the 15 kinds of spread
codes C, to C, ; from the spread code generation circuits 2102
to 2116 of the transmission signal supplying circuit 21 are
supplied at the same time in synchronism with each other to
the individual transmission conductors 11Y of the transmis-
sion blocks TB, to TB, ¢ through the transmission conductor
selection circuit 22'.

[0491] In the present fourth embodiment, the spread code
C, from the spread code generation circuit 2101 of the trans-
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mission signal supplying circuit 21 is added to output signals
S, to S, from the reception conductor selection circuit 31
through capacitors 3801, 3802, . . ., 3816 and supplied to 'V
conversion circuits 3201, 3202, . . ., 3216 of the amplification
circuit 32, respectively.

[0492] In this instance, the capacitance of the capacitors
3801, 3802, .. ., 3816 is set to a capacitance Co at the cross
point, for example, between the transmission conductor 11Y
and the reception conductor 12X. In short, the spread code C,
is supplied to the I/V conversion circuits 3201, 3202, . . .,
3216 of the amplification circuit through the capacitance Co,
which is the same as that at the cross point in a state in which
the pointer 18 does not exist at the cross point.

[0493] Accordingly, the output signals S, to S, , to be input-
ted to the I/V conversion circuits 3201, 3202, . . ., 3216 of the
amplification circuit 32 are signals corresponding to a signal
in which all ofthe 16 spread codes C, to C, 4 are multiplexed.
[0494] The output signals S, to S,4 are individually con-
verted into voltage signals and amplified by the I/V conver-
sion circuits 3201, 3202, . . ., 3216 of the amplification circuit
32 and then converted into digital sample data by A/D con-
verters 3301 to 3316 of the A/D conversion circuit 33 in a
similar manner as in the case of the first embodiment.
[0495] Then, the digital sample data outputted from the
A/D converters 3301 to 3316 are supplied to corresponding
ones of the correlation value calculation circuits 3501 to 3516
of' the calculation processing circuit 35 of the position detec-
tion circuit 34 as illustrated in FIG. 40. The correlation value
calculation circuits 3501 to 3516 have a configuration that is
the same as that in the case of the first embodiment shown in
FIG. 18, and the inputted digital sample data are retained as
output signals PS; to PS  into the shift register 35a.

[0496] As described hereinabove, the correlation value cal-
culation circuits 3501 to 3516 carries out correlation calcu-
lation of the output signals PS, to PS, retained in the shift
register 35a and the 16 spread codes C, to C, 4, and calculated
correlation values are supplied to an outputting circuit 36'. As
hereinafter described, from among the 16 correlation values
between the output signals PS, to PS | retained in the shift
register 35a and the 16 spread codes C, to C ¢, the correlation
value regarding the spread code C, indicates the offset value.
[0497] In the present fourth embodiment, the outputting
circuit 36' is configured to include a storage circuit 36M', a
position calculation circuit 361, and an offset removing cir-
cuit 365, as shown in FIG. 40.

[0498] The storage circuit 36M' is a storage circuit for
storing correlation values of the number of transmission con-
ductorsxthe number of reception conductors=60x128 cross
points of the sensor section 100'. The position calculation
circuit 361 has a configuration similar to that of the first
embodiment and, in the present fourth embodiment, gener-
ates a result of detection of a pointer as output data from the
correlation values stored in the storage circuit 36M'.

[0499] The offset removing circuit 365 includes subtrac-
tion circuits 501 to 516 for receiving outputs from the corre-
lation value storage circuits 354 of the correlation value cal-
culation circuits 3501 to 3516 to carry out removal of an
offset.

[0500] Then, the subtraction circuits 501 to 516 of the
offset removing circuit 365 are connected to the storage cir-
cuit 36M' and transfers the correlation values, from which an
offset value is removed by the subtraction circuits 501 to 516,
to the storage circuit 36 M'. The storage circuit 36 M' stores the
correlation values transferred thereto.
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[0501] Further, the offset removing circuit 365 is connected
to the control circuit 40. Since all of the subtraction circuits
501 to 516 of the offset removing circuit 365 have the same
configuration, an example of the configuration of the subtrac-
tion circuit 501 is shown in FIG. 41.

[0502] The subtraction circuit 501 is formed from 15 sub-
tractors 50a, to 50a,4. The 15 subtractors 50a, to 50a, ¢ are
connected at one of input terminals thereof to output termi-
nals of corresponding ones of registers 354, to 354, of the
correlation value storage circuit 354 of the correlation value
calculation circuit 3501.

[0503] Further, the subtractors 50a, to 50qa, ¢ are connected
at the other input terminal thereof to an output terminal of the
register 354, of the correlation value storage circuit 354 of the
correlation value calculation circuit 3501.

[0504] The subtractors 50a, to 50a, ; subtract a correlation
value (offset value) from the register 354, from the correla-
tion values from the registers 354, to 354 5.

[0505] Similarly as in the first embodiment, in a state in
which the reception conductor selection circuit 31 selects one
of the reception conductors 12X of each of the 16 detection
blocks DB, the 15 spread codes C, to C, 5 are supplied to the
four sets of the transmission conductors 11Y each including
15 transmission conductors 11Y per every one cycle. Then, in
the state in which one reception conductor 12X is selected in
each of the 16 detection blocks DB, to DB, the 15 spread
codes C, to C,¢ are all supplied to all of the transmission
conductors 11Y per four cycles of the spread codes.

[0506] Accordingly, each of the 16 output signals S, to S 4
from the reception conductor selection circuit 31 is a signal
comprising a sum of components of the chips of the spread
codes C, to C,. Then, since the spread code C, is added to
each of the 16 output signals S, to S, from the reception
conductor selection circuit 31, through the capacitors 3801 to
3816 respectively, each of the output signals S, to S, s inputted
to the I/V conversion circuits 3201, 3202, . . . , 3216 of the
amplification circuit 32 is a signal comprising a sum of all of
the 16 spread codes C, to C.

[0507] Within a first one cycle from among four cycles of
the spread codes, the 15 spread codes C, to C, s are supplied to
the 15 transmission conductors 11Yg, 11Y,,, . . ., 11Y,
respectively. Then, the spread code C, is added to the 16
output signals S, to S, from the reception conductor selec-
tion circuit 31 through the capacitors 3801 to 3816, respec-
tively.

[0508] The output signals S, to S, 4 are supplied to the A/D
conversion circuit 33 through the amplification circuit 32 and
converted into digital sample data by the A/D conversion
circuit 33 as described hereinabove and are retained into the
shift registers 354 of the correlation value calculation circuits
3501 to 3516. Then, the correlation value calculation circuits
3501 to 3516 calculate correlation values between the digital
sample data of the output signals S, to S, and the spread
codes C, to C,, respectively.

[0509] In this instance, since the spread code C, is not
supplied to the transmission conductors 11Y of the sensor
section 100" as described hereinabove, the correlation value
regarding the spread code C, becomes an offset value regard-
ing the cross points between a reception conductor 12X
selected by the reception conductor selection circuit 31 and
the 15 transmission conductors 11Yg, 11Y,,, . .., 11Y .
[0510] This offset value is obtained from the register 354,
of the correlation value storage circuit 354 of each of the
correlation value calculation circuits 3501 to 3516. In other
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words, an offset value is retained in each of the registers 354,
of the correlation value storage circuits 354. Then, the offset
values from the registers 35d, are supplied to the offset
removing circuit 365 and supplied to the subtractors 50a, to
50a, ; of the subtraction circuits 501 to 516.

[0511] Then, in the subtraction circuits 501 to 516 of the
offset removing circuit 365, the subtractors 50a, to 50a
subtract the offset values from the register 354, from the
correlation values from the registers 354, to 354, ; to remove
the offset values. Then, the correlation values from which the
offset values are removed from the subtraction circuits 501 to
516 are supplied to and stored into the storage circuit 36M'.
[0512] Also, for the reception conductor 12X selected by
the reception conductor selection circuit 31 and the other sets
of 15 transmission conductors, processing operation similar
to that described hereinabove is carried out. Then, if the
processing operation for the four sets of 15 transmission
conductors is completed, then the reception conductor 12X
selected by the reception conductor selection circuit 31 is
switched over to another one of the reception conductors in
each of the detection blocks DB, to DB, 4, and the operation
described above is repeated.

[0513] Inthis manner, since the present fourth embodiment
does not use spread codes whose first chips all have the value
“1” in a plurality of Hadamard codes having different codes
from each other, the amplification gain of the amplification
circuit 32 can be increased.

[0514] Additionally, in the present fourth embodiment,
even though spread codes whose first chips do not all have the
value “1” in a plurality of Hadamard codes are used, the
problem in this instance can be solved to detect a pointer
correctly, similarly as in the case in which all chips of the
Hadamard codes are used.

<Different Example of the Synthesis Method of Calibration
Signals>

[0515] Incidentally, in the example described above, a case
is described in which an output signal of a reception conduc-
tor 12X and an offset correcting signal (calibration signal) for
a correlation value are synthesized before they are inputted to
an A/D conversion circuit 33, that is, at the stage of analog
signals. Where a calibration signal and an output signal from
a reception conductor 12X are synthesized at the stage of
analog signals in this manner, such synthesis can be imple-
mented only by provision of the capacitors 3801 to 3816, and
therefore, the circuit configuration can be simplified.

[0516] However, itis necessary to set the capacitors 3801 to
3816 so as to have a capacitance value substantially equal to
that of capacitors formed at cross points between the trans-
mission conductors 11Y and the reception conductors 12X.
Since the capacitance of the capacitors formed at the cross
points between the transmission conductors 11Y and the
reception conductors 12X is, for example, approximately 0.5
pF and very low, it is very difficult to actually mount the
capacitors on a circuit board. Further, since, in the example
described above, a calibration signal and an output signal
from a reception conductor 12X are synthesized at the stage
of analog signals, there is another problem that an error is
likely to occur.

[0517] Therefore, in a different example of the synthesis
method of a calibration signal, a calibration signal is synthe-
sized with an output signal of an A/D conversion circuit 33,
that is, with a reception signal after it is converted into a
digital signal.
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[0518] FIG. 42 is a view showing an example of a configu-
ration where a spread code as a calibration signal for obtain-
ing an offset value is added to an output signal of an A/D
conversion circuit 33. Also in the example of FIG. 42, the
spread code C, is used as a calibration signal for obtaining an
offset value.

[0519] In the present example, an addition circuit 39 is
provided on the output side of the A/D conversion circuit 33.
The addition circuit 39 includes adders 3901 to 3916 each
connected at an input terminal thereof to one of output termi-
nals ofa corresponding one of A/D converters 3301 to 3316 of
the A/D conversion circuit 33.

[0520] Then, the spread code C, from the spread code gen-
eration circuit 2101 of the transmission signal supplying cir-
cuit 21 is supplied to an I/V conversion circuit 3220 through
a capacitor 38. In this instance, the capacitance of the capaci-
tor 38 is set equal to the capacitance Co at the cross points
between the transmission conductors 11Y and the reception
conductors 12X. The 1/V conversion circuit 3220 is config-
ured similarly to the I/V conversion circuits 3201 to 3216 of
the amplification circuit 32. In short, the spread code C, is
supplied to the I/V conversion circuit 3220 through the
capacitance Co at the cross point at which a pointer 18 does
not exist.

[0521] Then, similarly to the A/D converters 3301 to 3316
of the A/D conversion circuit 33, an A/D converter 3320
converts an output signal of the I/V conversion circuit 3220
into digital sample data synchronized with the clock signal
CLK. The digital sample data from the A/D converter 3320 is
supplied to the adders 3901 to 3916 of the addition circuit 39.
[0522] The adders 3901 to 3916 of the addition circuit 39
add the digital sample data from the A/D converters 3301 to
3316 and the digital sample data from the A/D converter
3320. Then, addition outputs ofthe adders 3901 t0 3916 of the
addition circuit 39 are supplied to the position detection cir-
cuit 34. The configuration of the other part is similar to that of
the fourth embodiment described hereinabove.

[0523] As described hereinabove, in the different example
of the synthesis method of a calibration signal, a calibration
signal and an output signal from a reception conductor 12X
are added in digital signals. Accordingly, by using a capacitor
of' 8 pF for the capacitor 38 for supplying a calibration signal,
and by canceling 4 bits worth of data in the A/D converter
3320, signal synthesis with a higher degree of accuracy than
that when signals are synthesized in analog signals can be
achieved.

[0524] It is to be noted that, while, in the fourth embodi-
ment described hereinabove, one spread code is used for the
calibration signal, use of the calibration signal is not limited
to use of one spread code. For example, two or more spread
codes may be supplied as calibration signals.

[0525] While the foregoing description relates to a case in
which the fourth embodiment is applied to the first embodi-
ment, of course the fourth embodiment can be applied also to
the second embodiment and the third embodiment.

Fifth Embodiment

Removal of Detection Non-Uniformity, FIGS. 43 to
47

[0526] The present fifth embodiment is a modification to
the transmission section 200 or 200" and the reception section
300 or 300" in the first to fourth embodiments described
hereinabove.
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[0527] As described hereinabove, as the pointer 18, not
only a finger of a user but also a pen or the like can be used.
Further, in the pointer detection apparatus of the present
embodiment, it is also possible to detect a pressing force by a
pointer 18 in accordance with the resistance film method.

[0528] Incidentally, with the pointer 18 such as a pen, it is
further possible to carry out a pointing input operation at a
point between two reception conductors 12X, and 12X, | as
shown in FIGS. 43(A) and (B). However, where a pointing
input operation on a point between the two reception conduc-
tors 12X, and 12X, ,; in this manner is carried out, a detec-
tion output (correlation value) of a pointer calculated from
output signals of the two reception conductors 12X, and
12X,,,, varies depending on the position of the pointing input
point between the two reception conductors 12X, and 12X,

1.

[0529] In particular, where the pointing input point of the
pointer 18 in the form of a pen is nearer to the reception
conductor 12X, side between the two reception conductors
12X, and 12X, as shown in FIG. 43(A), a pointer detection
output (correlation value) I, obtained from an output signal
of the reception conductor 12X, is higher while a pointer
detection output (correlation value) I,,,, obtained from an
output signal of the reception conductor 12X, ,, is lower as
shown in FIG. 43(C). On the other hand, where the pointing
input point of the pointer 18 in the form of a pen is nearer to
the reception conductor 12X, ; side between the two recep-
tion conductors 12X, and 12X, ., as shown in FIG. 43(B),
the pointer detection output (correlation value) 1,, obtained
from an output signal of the reception conductor 12X, is
lower while a pointer detection output (correlation value)
1,,.; obtained from an output signal of the reception conduc-
tor 12X,,,, is higher as shown in FIG. 43(D).

[0530] Therefore, for example, if the pointer 18 in the form
of'a pen is moved in a direction in which a reception conduc-
tor extends in such a manner as to draw a straight line while
pressing the pointing input surface 100S, then there is a
problem that a line 60 detected in response to a detection
output of the pointer suffers from non-uniformity or fluctua-
tion in thickness, as shown in FIG. 44.

[0531] While the description of FIGS. 43 and 44 relates to
a case in which a pointing input operation of a point between
two reception conductors is carried out with the pointer 18,
also where a pointing input operation of a point between two
transmission conductors is carried out with the pointer 18, a
similar problem occurs. The present fifth embodiment is an
example which solves the problems described above.

First Example

[0532] FIG. 45 is a view illustrating a basic concept of part
of'a first example of the present fifth embodiment. In the first
example of the present fifth embodiment, a spread code C, is
supplied at the same time to two transmission conductors
11Y,,and 11Y,,, , . Further, reception signals (current signals)
obtained from two reception conductors 12X, and 12X,
are supplied to an amplifier 63 through I/V conversion cir-
cuits 61 and 62, respectively, such that they are added by the
amplifier 63.

[0533] According to this measure, a pointer detection out-
put (correlation value) regarding a signal S, obtained from
the amplifier 63 is a pointer detection output (correlation
value) equivalent to the sum of the pointer detection output
(correlation value) I, and the pointer detection output (cor-
relation value) In particular, ifthe pointing input point of

m+1°
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the pointer 18 in the form of a pen is nearer to the reception
conductor 12X, side between the two reception conductors
12X, and 12X, ,, as shown in FIG. 43(A), then such a pointer
detection output (correlation value) I, as shown in FIG.
43(E) is obtained. Further, also where the pointing input point
of'the pointer 18 in the form of a pen is nearer to the reception
conductor 12X, ,, between the two reception conductors
12X, and 12X,,,, as shown in FIG. 43(B), such a pointer
detection output (correlation value) I . as shown in FIG.
43(F) is obtained.

[0534] Accordingly, if the pointer 18 in the form of a pen is
moved in such a manner as to draw a straight line while it
presses the pointing input surface 100S, then the line detected
in response to the pointer detection output is free from non-
uniformity or fluctuation in thickness.

[0535] Itis to be noted that, in the reception section 300' in
the present fiftth embodiment, each of the switch circuits 3101'
to 3116' of the reception conductor selection circuit 31' has
such a configuration of a switch circuit which selects two
reception conductors as shown in FIG. 46. Further, each of the
switch circuits 3101' to 3116' successively selects two recep-
tion conductors such that they are successively displaced by
one conductor distance. In particular, each of the switch cir-
cuits 3101' to 3116' successively changes over (switches to)
two reception conductors to be selected in such a manner that
it selects, subsequently to the two reception conductors 12X,
and 12X,,,,, the two reception conductors 12X,,,, and
12X,,.,, and then selects the two reception conductors
12X,,,, and 12X, ., 5, and so forth.

[0536] In the case of the present fifth embodiment, the
switch circuits 3101' to 3116' are configured such that, as
indicated by a surrounding broken line in FIG. 46, a reception
conductor having a maximum suffix from among the recep-
tion conductors which form a detection block is commonly
used as a top reception conductor having a minimum suffix by
an adjacent detection block.

[0537] Further, though not shown, the transmission con-
ductor selection circuit 22' of the transmission section 200 is
also configured such that two transmission conductors, to
which a spread code C, is to be supplied, are successively
changed over (switched) by one conductor distance. In par-
ticular, the two transmission conductors are successively
changed over while being successively displaced by one con-
ductor distance such that, subsequently to the two transmis-
sion conductors 11Y,,and 11V, , ,, the two transmission con-
ductors 11Y,,,, and 11Y,,,, are selected, and then the two
transmission conductors 11Y,,, , and 11Y,,, ; are selected, and
so forth. Further, similarly as in the case of the detection
blocks described hereinabove, a transmission conductor
between adjacent transmission blocks is commonly used by
the two blocks.

mix

Second Example

[0538] FIG. 47 is a view illustrating a basic concept of part
of'a second example of the present fifth embodiment. In the
second example of the present fifth embodiment, a spread
code C, is supplied to three transmission conductors 11Y,,_;,
11Y, and 11Y,,, | at the same time. Further, reception signals
obtained from three reception conductors 12X, |, 12X, and
12X, are supplied to a differential amplifier 67 through I/'V
conversion circuits 64, 65 and 66 so that they are synthesized
by the differential amplifier 67. In the case of the present
second example, the central reception conductor 12X, is the
reception conductor to be noted, and a reception signal from
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the noted reception conductor is supplied to a non-negated
input terminal of the differential amplifier 67. Then, reception
signals obtained from the reception conductors 12X, , and
12X, , on bothsides ofthe central reception conductor 12X,
are supplied to negated input terminals of the differential
amplifier 67.

[0539] Inthepresentsecond example, as an output signal of
the differential amplifier 67, an output signal having an
improved noise resisting property with respect to a reception
signal obtained from a reception conductor can be obtained.
Further, a reception signal from the central reception conduc-
tor 12X, supplied to the non-negated input terminal of the
differential amplifier 67 is doubled with respect to reception
signals obtained from the reception conductors 12X, , and
12X,,,, on both sides of the reception conductor 12X, to
particularly improve the noise resisting property.

[0540] It is to be noted that, also in the present second
example, the reception conductor selection circuit on the
reception side is configured such that it successively selects
three reception conductors while successively displacing
them by one conductor distance. Further, the transmission
conductor selection circuit on the transmission side is also
configured such that it successively selects three transmission
conductors while successively displacing them by one con-
ductor distance. Then, between adjacent conductors in the
detection blocks or the transmission blocks, a reception con-
ductor or a transmission conductor is used in an overlapping
relationship similarly as in the first example.

[0541] It is to be noted that the present fifth embodiment
can be applied to all of the embodiments described herein-
above.

Sixth Embodiment
Automatic Gain Control of an Amplification Circuit

[0542] Incidentally, in the pointer detection apparatus 1 of
the first embodiment, a reception signal converted into an
electric signal is amplified by an amplifier so as to have a
predetermined signal level and is then converted into digital
sample data by an A/D conversion circuit 33 and outputted to
a position detection circuit 34 in order that correlation calcu-
lation can be carried out stably.

[0543] Where noise is higher than the reception signal, if
the signal level of the reception signal which includes the
noise is amplified uniformly, then also the noise is amplified.
This gives rise to a problem that an A/D converter suffers from
clipping and fails to detect the reception signal appropriately.
[0544] However, ifthe signal level of the reception signal is
not amplified, then for example, when a pointer in a hovering
state is to be detected, the variation of the signal level of the
reception signal is very small, and this gives rise to a problem
that the pointer 18 cannot be detected. The sixth embodiment
solves this problem and is characterized by the amplification
circuit 32.

[0545] In the following, the present sixth embodiment is
described with reference to FIGS. 48 and 49. FIG. 48 is a
schematic block diagram of a reception section 330 in the
present sixth embodiment, and FIG. 49 is a circuit diagram of
an absolute value detection circuit which is a component of a
gain value setting circuit hereinafter described.

[0546] Ifthe reception section 330 presented by the present
sixth embodiment and the reception section 300 in the first
embodiment are compared with each other, then the differ-
ence resides in that the reception section 330 includes an
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amplification circuit 510 having an automatic gain control-
ling function in place of the amplification circuit 32. The other
part of the reception section 330 has a configuration that is the
same as that of the first embodiment, and like elements are
denoted by like reference characters and description thereof
is omitted. It is to be noted that, in the amplification circuit
510 of FIG. 48, an internal circuit for one of output signals S,
to S, is shown for simplified illustration. Accordingly, the
internal circuit of the amplification circuit 510 of FIG. 48 is
provided for each of the output signals S, to S, .

[0547] AsshowninFIG. 48, the amplification circuit 510 in
the present example includes an I/V conversion circuit 511, a
gain adjustment circuit 512 and a gain value setting circuit
513. The I/V conversion circuit 511 has a configuration simi-
lar to that of the I/V conversion circuits 3201 to 3216
described hereinabove. In the present example, the I/'V con-
version circuit 511 is connected at an output terminal thereof
to an input terminal of the gain adjustment circuit 512.

[0548] The gain adjustment circuit 512 is a circuit for suit-
ably raising or dropping the signal level of a signal inputted
thereto to a predetermined signal level. This gain adjustment
circuit 512 carries out control of the output signal level
thereof based on a control signal from the gain value setting
circuit 513. Since the signal strength of signal energy com-
ponents treated by the gain value setting circuit 513 includes
not only a signal (spread code) component to be detected but
also noise and so forth, the gain adjustment circuit 512 sets the
gain value based on the signal strength of the energy compo-
nents of the entire signal.

[0549] The output signal of the gain adjustment circuit 512
is supplied to the A/D conversion circuit 33, by which it is
converted into digital sample data. The digital sample data
from the A/D conversion circuit 33 are supplied to the posi-
tion detection circuit 34 and, in the present example, also
supplied to the gain value setting circuit 513.

[0550] The gain value setting circuit 513 generates a con-
trol signal for controlling the gain adjustment circuit 512
based on the digital sample data from the A/D conversion
circuit 33 and supplies the control signal to a control signal
input terminal of the gain adjustment circuit 512. The gain
value setting circuit 513 includes an absolute value detection
circuit 514 and an automatic gain controlling circuit 515.

[0551] The absolute value detection circuit 514 detects the
signal strength of the energy components of the digital sample
data from the A/D conversion circuit 33. It is to be noted that,
since the digital sample data outputted from the A/D conver-
sion circuit 33 includes not only a signal (spread code) com-
ponent to be detected but also unnecessary signal components
such as noise, the absolute value detection circuit 514 detects
the signal strength of the energy components of the entire
detection signal including the unnecessary signal compo-
nents such as noise.

[0552] Theautomatic gain controlling circuit 515 generates
a control signal for controlling the gain of the gain adjustment
circuit 512 based on the signal strength detected by the abso-
lute value detection circuit 514 and supplies the control signal
to the gain adjustment circuit 512.

[0553] The absolute value detection circuit 514 is config-
ured, for example, as shown in FIG. 49. In particular, in the
example of FIG. 49, the absolute value detection circuit 514
includes a squaring multiplier 5141 and an integrator 5142
connected to an output terminal of the squaring multiplier
5141.
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[0554] The squaring multiplier 5141 carries out squaring
calculation of an output signal of the A/D conversion circuit
33 and outputs a squaring calculation output signal after the
calculation to the integrator 5142. The integrator 5142 tem-
porally integrates the squaring calculation output signal from
the squaring multiplier 5141 and obtains the integrated output
signal as an absolute value detection output. Then, the inte-
grator 5142 supplies the integration output signal to the auto-
matic gain controlling circuit 515.

[0555] Inthe present sixth embodiment, the signal strength
of the energy components of a signal in which not only a
signal (spread code) component to be detected but also noise
and so forth are included is detected, and the gain value of the
gain adjustment circuit 512 is controlled based on the signal
strength to carry out automatic gain control so that the output
level of the gain adjustment circuit 512 may be a predeter-
mined level. Accordingly, even if noise and so forth are super-
posed on a signal inputted to the gain adjustment circuit 512,
automatic gain control can be appropriately carried out for the
input signal.

[0556] Itis to be noted that, as a technique for obtaining an
absolute value detection output by means of the absolute
value detection circuit 514, any suitable method can be used
as long as it is capable of detecting the level of a signal which
includes both a signal component to be detected and noise.
For example, in addition to the technique described herein-
above, a technique of integrating the absolute value of the
level of an input signal into the absolute value detection
circuit 514 can be used. Further, for the absolute value detec-
tion process, either digital signal processing after A/D con-
version or analog signal processing before A/D conversion
may be used.

[0557] It is to be noted that the present sixth embodiment
can be applied to all of the embodiments described herein-
above.

Seventh Embodiment

Another Example of the Configuration of the Sensor
Section, FIGS. 50 to 54

[0558] Another example of the configuration of the sensor
section is described as the seventh embodiment.

<Modification 1 to the Sensor Section>

[0559] As shown in FIG. 2, the pressure sensitive member
of'the sensor section 100 of the embodiment described above
has a configuration wherein the transmission resistive ele-
ments 13Y and the reception resistive elements 14X are dis-
posed with the predetermined space 15 left therebetween in
the direction orthogonal to the pointing input surface 100S.
Further, very small concaves and convexes are formed on the
faces of the transmission resistive elements 13Y and the
reception resistive elements 14X, which are opposed to each
other with the space 15 left therebetween.

[0560] However, the configuration of the pressure sensitive
member of the sensor section 100 is not limited to that of a
case in which the faces of the transmission resistive elements
13Y and the reception resistive elements 14X include the very
small convexes and concaves that are opposing each other.
[0561] The modification 1 to the sensor section 1 is an
example of the case described above. Part of the sensor sec-
tion 500 of the modification 1 is shown in FIG. 50. FIG. 50(A)
is a sectional view taken in an X-axis direction of the sensor
section 500 and FIG. 50(B) is a sectional view taken in a
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Y-axis direction of the sensor section 500. It is to be noted that
like elements to those of the embodiment described above are
denoted by like reference characters and description of them
is omitted. This similarly applies also to different modifica-
tions to the sensor section hereinafter described.

[0562] In the example of FIG. 50, while faces of the trans-
mission resistive elements 13Y and the reception resistive
element 14Xs, which are opposed to each other with the space
15 left therebetween, are mirror faces, very small convexes
and concaves are formed on a face of the transmission resis-
tive elements 13Y that is in contact with the transmission
conductors 11Y and a face of the reception resistive elements
14X that is in contact with the reception conductors 12X, as
shown in FIGS. 50(A) and (B).

[0563] In the example shown in FIGS. 50(A) and (B) also,
when the pointing input surface 100S is pressed by a pointer
18 such as a finger, the faces of a transmission resistive
element 13Y and a reception resistive element 14X opposed
to each other contact with each other and the contact area
between the transmission conductor 11Y and the transmis-
sion resistive element 13Y and the contact area between the
reception conductor 12X and the reception resistive element
14X vary in response to the pressing force by the pointer 18.
Accordingly, the resistance value between the transmission
conductor 11Y and the reception conductor 12X in a state in
which the transmission resistive element 13Y and the recep-
tion resistive element 14X contact with each other corre-
sponds to the pressing force applied to the pointing input
surface 100S by the pointer 18, and a working effect similar to
that of the embodiment described above is obtained.

[0564] Further, as shown in FIGS. 50(C) and (D), as the
configuration of the sensor section 500, the faces of the trans-
mission resistive elements 13Y and the reception resistive
elements 14X on which the very small convexes and concaves
are formed may be set as the faces opposing each other, and
additionally as the face of the transmission resistive elements
13Y contacting with the transmission conductors 11Y and the
face of the reception resistive elements 14X contacting with
the reception conductors 12X.

[0565] In an example shown in FIGS. 50(C) and (D) also,
similarly as in the example shown in FIGS. 50(A) and (B), the
resistance value between a transmission conductor 11Y and a
reception conductor 12X in a state wherein the transmission
resistive element 13Y and the reception resistive element 14X
contact with each other corresponds to the pressing force
applied to the pointing input screen 100S by the pointer 18.
Accordingly, also in the example shown in FIGS. 50(C) and
(D), a working effect similar to that of the embodiment
described above is obtained.

[0566] Itis to be noted that, while, in FIG. 50, the transmis-
sion resistive elements 13Y are formed along the transmis-
sion conductors 11Y and the reception resistive elements 14X
are formed along the reception conductors 12X, the transmis-
sion resistive elements 13Y and the reception resistive ele-
ments 14X may be formed in the same direction as that of the
transmission conductors 11Y or the reception conductors
12X. Alternatively, the transmission resistive elements 13Y
and the reception resistive elements 14X may be formed so as
to be provided in the form of an island for each of regions
corresponding to the cross points between the transmission
conductors 11Y and the reception conductors 12X. Further,
as described above, the transmission resistive elements 13Y
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and the reception resistive elements 14X may be formed over
an overall face of the lower side substrate 16 and the upper
side substrate 17.

[0567] Further, the transmission resistive elements 11Y or
the receptionresistive elements 12X may be formed along the
transmission conductors 11Y or the reception conductors
12X while the transmission resistive elements 11Y or the
reception resistive element 12X are formed over an overall
face of the lower side substrate 16 or the upper side substrate
17. Alternatively, the transmission resistive elements 11Y or
the reception resistive elements 12X may be provided in the
form of an island for each of regions corresponding to the
cross points between the transmission conductors 11Y and
the reception conductors 12X while the transmission conduc-
tors 11Y or the reception resistive elements 12X are formed
over an overall face of the lower side substrate 16 or the upper
side substrate 17 or along the transmission conductors 11Y or
the reception conductors 12X.

<Modification 2 to the Sensor Section>

[0568] While the pressure sensitive member in the sensor
section of the embodiment described above is formed of the
transmission resistive elements 13Y and the reception resis-
tive elements 14X, it can be formed also of one resistor. FIGS.
51(A) and (B) are views showing a first example wherein the
pressure sensitive member is configured from one resistor.
FIG. 51(A) is a sectional view in an X-axis direction of a
sensor section 600 of the modification 2, and FIG. 51(B) is a
sectional view in a Y-axis direction of the sensor section 600.
[0569] In particular, as shown in FIGS. 51(A) and (B), a
rectangular resistive element 19 is provided at each of the
cross points in a space between the transmission conductors
11Y on the lower side substrate 16 and the reception conduc-
tors 12X on the lower side of the upper side substrate 17. As
the resistive element 19, a resistive element similar to the
transmission resistive elements 13Y or the reception resistive
elements 14X in the example described above is used.
[0570] In the example shown in FIGS. 51(A) and (B), the
resistive element 19 is disposed on the transmission conduc-
tor 11Y on the lower side substrate 16. Inthe present example,
as shown in FIGS. 51(A) and (B), the resistive element 19 is
disposed such that the face side of the resistive element 19 on
which very small convexes and concaves are formed is the
transmission conductor 11Y side and the face side of the
resistive element 19 on which very small convexes and con-
caves are not formed is the reception conductor 12X side.
And, in this instance, between the resistive element 19 and the
reception conductor 12X, a small air gap exists.

[0571] It is to be noted that, though not shown, a spacer
member for maintaining the lower side substrate 16 and the
upper side substrate 17 is provided at a peripheral portion of
the sensor section 600 such that the resistive element 19 are
disposed in a state wherein such a space as shown in FIG. 51
is provided is provided between the lower side substrate 16
and the upper side substrate 17. In other words, the lower side
substrate 16 and the upper side substrate 17 are connected to
each other with the spacer member interposed therebetween.
[0572] Also in the example shown in FIGS. 51(A) and (B),
the resistive element 19 and the reception conductor 12X
contact with each other when the pointing input screen 100S
is pressed by a pointer 18 and the contact area between the
transmission conductor 11Y and the resistive element 19
varies in response to the pressing force applied by the pointer
18. Accordingly, the resistance value between the transmis-
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sion conductor 11Y and the reception conductor 12X in the
state in which the resistive element 19 and the reception
conductor 12X contact with each other corresponds to the
pressing force applied to the pointing input screen 100S by
the pointer 18, and a working effect similar to that in the
embodiment described above is obtained.

[0573] Itistobenotedthat, as shownin FIG. 51(C), the face
side of the resistive element 19 opposed to the reception
conductor 12X may also be configured similarly as the face
on which very small convexes and concaves are formed.
[0574] Further, as shown in FIG. 51(D), the face side of the
resistive element 19 opposed to the reception conductor 12X
may be configured as a face on which very small convexes and
concaves are formed while the face side of the resistive ele-
ment 19 contacting the transmission conductor 11Y may be
configured as a face on which such very small convexes and
concaves are not formed. In this instance, the resistive ele-
ment 19 can be configured by laminating the same on the
transmission conductor 11Y on the lower side substrate 16.
[0575] Itis to be noted that, while such resistors 19 in FIG.
51 are configured as resistors each having a rectangular shape
s0 as to be separate from each other about the individual cross
point positions, in this instance also, the resistors 19 may be
provided on the overall face of the substrate 16 and the sub-
strate 17 commonly to the plural transmission conductors and
the reception conductors. Further, the resistive elements 19
may be formed along the transmission conductors 11Y or the
reception conductors 12X.

<Modification 3 to the Sensor Section>

[0576] Inthe example of the pressure sensitive member of
the sensor section described above, the resistance value cor-
responding to the contact area between a resistor and another
resistor or to the contact area between a resistor and an elec-
tric conductor can be obtained. However, the pressure sensi-
tive member having a predetermined resistance characteristic
for use with the sensor section is not limited to this configu-
ration. The modification 3 to the sensor section is an example
where a variable resistance elastic body, for example, variable
resistance rubber, is used as an example of such a pressure
sensitive member, as just described.

[0577] For example, as disclosed in Patent Document 5
(Japanese Patent Laid-Open No. Hei 6-192485), the variable
resistance elastic body used in the present example is a vari-
able resistance rubber formed from porous rubber, in which
conductive particles of, for example, carbon black, metal
powder or the like are dispersed equally at very small inter-
vals. A relationship between the electric resistance of the
rubber and the load to the variable resistance rubber is illus-
trated in FIG. 52. Since, when no load is applied to the
variable resistance rubber, the conductive particles are dis-
persed at very small intervals, the resistance value of the
variable resistance rubber is very high as illustrated in FIG.
52.

[0578] Then, if a load is applied to the variable resistance
rubber, then the variable resistance rubber is elastically dis-
placed to render the conductive particles into chains or lumps
such that they partially contact with each other and, conse-
quently, the variable resistance rubber has conductivity. Then,
since the degree in which the conductive particles are ren-
dered into chains or lumps increases as the load increases, as
shown in FIG. 52, the variable resistance rubber has a char-
acteristic that its electric resistance value correspondingly
decreases.
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[0579] FIGS. 53(A) and (B) show an example of a sensor
section 700 of the modification 3 and show a second example
wherein the pressure sensitive member is configured from
oneresistor. F1IG. 53(A) is a sectional view taken in an X-axis
direction of the sensor section 700 and FIG. 53(B) is a sec-
tional view in a Y-axis direction of the sensor section 700.
[0580] In the sensor section 700, a pressure sensitive resis-
tive member formed from variable resistance rubber is used as
the pressure sensitive member. Specifically, in place of a
transmission resistive element 13Y and a reception resistive
element 14X, a pressure sensitive resistive member 130
formed from a rectangular variable resistance rubber member
is provided at a location of a cross point between a transmis-
sion conductor 11Y and a reception conductor 12X.

[0581] In this instance, the pressure sensitive resistive
member 130 is configured such that, in a state in which a
pressing load by a pointer 18 is not applied to the pointing
input screen 100S, the pressure sensitive resistive member
130 is placed at the cross point between the transmission
conductor 11Y and the reception conductor 12X.

[0582] In the sensor section 700 having such a configura-
tion as described above, if a pressing load is applied to the
pointing input screen 100S by a pointer 18 such as a finger,
then the pressure sensitive resistive member 130 at the cross
point position at which the pressing load is applied is elasti-
cally displaced to decrease the electric resistance value of the
pressure sensitive resistive member 130.

[0583] Accordingly, in the present sensor section 700, since
the electric resistance of the pressure sensitive resistive mem-
ber 130 is very high in a state in which the pressing load by the
pointer 18 is not applied to the pointing input screen 100S, a
current hardly flows through the pressure sensitive resistive
member 130. In particular, in a state in which the pressing
load by the pointer 18 is not applied to the pointing input
screen 1008 of the sensor section 700, the pressure sensitive
resistive member 130 functions as an insulating member for
the insulation between the transmission conductor 11X and
the reception conductor 12X.

[0584] Then, if a pressing load is applied to the pointing
input screen 100S by the pointer 18, the electric resistance
value of the pressure sensitive resistive member 130
decreases in response to the pressing load, and consequently,
the current corresponding to the pressing load flows between
the transmission conductor 11Y and the reception conductor
12X through the pressure sensitive member 130.

[0585] By monitoring the current, in the present modifica-
tion 3 also, pointer detection by the resistance film method
can be carried out similarly as in the embodiment described
above.

[0586] It is to be noted that, while such pressure sensitive
resistive members 130 in FIG. 53 are formed in a rectangular
shape so as to be separate from each other about the cross
point positions, in the present example also, the pressure
sensitive resistance material 130 may be provided over an
overall face of the substrate 16 and the substrate 17 com-
monly to the plural transmission conductors 11Y and the
plural reception conductors 12X. Further, the pressure sensi-
tive resistive member 130 may be formed along the transmis-
sion conductors 11Y or the reception conductors 12X.

<Modification 4 to the Sensor Section>

[0587] All of the sensor sections of the examples described
above are configured such that the transmission conductors,
reception conductors, and pressure sensitive members are
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provided between the two substrates including the lower side
substrate 16 and the upper side substrate 17. However, it is
also possible to apply another configuration wherein the
transmission conductors, reception conductors, and pressure
sensitive members are formed on a single substrate. The
modification 4 to the sensor section is an example of a sensor
section of a configuration wherein only one substrate is used.

[0588] An example of a sensor section 800 of the present
modification 4 is described with reference to FIG. 54. Here,
FIG. 54(A) shows a sectional view taken in an X-axis direc-
tion at one cross point portion of the sensor section 800 and
FIG. 54(B) shows a perspective view of the sensor section of
the modification 4. It is to be noted that, in FIG. 54, illustra-
tion of a protective layer and a protective sheet for covering
and protecting the transmission conductors, reception con-
ductors, and pressure sensitive member formed on one of the
faces of the substrate 160 is omitted.

[0589] As shown in FIG. 54(A), the sensor section 800 is
configured from a substrate 160, a plurality of transmission
conductors 11Y, and a plurality of reception conductors 12X,
a pressure sensitive resistive member 131, and a metal layer
110.

[0590] The present sensor section 800 has a structure
wherein the transmission conductors 11Y and the reception
conductors 12X substantially cross with each other on one of
the faces of the substrate 160. In this example, each reception
conductor 12X is configured from a linear conductor extend-
ing in a Y-axis direction similarly as in the embodiment
described above. However, each transmission conductor 11Y
is not a linear conductor continuing in an X-axis direction but
is structured such that transmission conductor pieces 11Ybt,
which appear cut off at a location of each reception conductor
12X, are connected to each other by the metal layer 110. In
particular, the individual transmission conductors 11Y have a
configuration wherein one transmission conductor is formed
by connecting the transmission conductor pieces 11Ybt jux-
taposed linearly in the X-axis direction by means of the metal
layer(s) 110.

[0591] The metal layer 110 and the transmission conductor
pieces 11Ybt are formed from a printed pattern or the like on
the substrate 160. Further, each reception conductor 12X is
provided on the substrate 160, except a portion thereof which
overlaps with the metal layer 110. Further, a pressure sensi-
tive member formed from the pressure sensitive resistive
member 131 similar to that of the sensor section 700 in the
modification 3 is provided at a crossing portion between the
reception conductor 12X and the metal layer 110.

[0592] The substrate 160, transmission conductors 11Y,
and reception conductors 12X in the sensor section 800 of the
modification 4 can be formed from materials similar to those
in the first embodiment described above. In particular, simi-
larly as in the first embodiment, not only a generally known
glass board having permeability but also a sheet-like (film-
like) medium formed from synthetic resin may be used for the
substrate 160. The transmission conductors 11Y and the
reception conductors 12X are individually formed from a
transparent electrode film formed, for example, from an ITO
film.

[0593] Further, the metal section 110 can be formed from a
metal material having high conductivity, for example, Mo
(molybdenum) or the like. Since the contact area between the
metal layer 110 and the transmission conductor pieces is very
small, in order to reduce the electric resistance of the compo-
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nents, it is preferable to use a metal material having high
conductivity for the metal layer 110.

[0594] In the sensor section 800 of the modification 4 also,
since the electric resistance of the pressure sensitive resistive
member 131 is very high in a state in which a pressing load by
a pointer is not applied to the pointing input screen of the
sensor section, a current hardly flows through the pressure
sensitive resistive member 130. In particular, in the state in
which a pressing load by the pointer 18 is not applied to the
pointing input screen 100S of the sensor section 800, the
pressure sensitive resistive member 131 functions as an insu-
lating material for the insulation between the transmission
conductors 11Y and the reception conductors 12X.

[0595] Then, if a pressing load is applied to the pointing
input screen 100S by a pointer 18, at the cross point to which
the pressing load is applied, the electric resistance value of the
pressure sensitive resistive member 130 decreases in
response to the pressing load. Therefore, a current corre-
sponding to the pressing load flows through the transmission
conductor pieces 11Ybt of the transmission conductor 11Y, to
the metal layer 110, to the pressure sensitive resistive member
131, and to the reception conductor 12X, in this order.
[0596] Accordingly, also in the sensor section 800 of the
present modification 4, a working effect similar to that of the
sensor section 700 of the modification 3 described above is
obtained.

[0597] Inthe sensor section 800 of the present modification
4, the number of substrates formed from, for example a glass
board, may be one, and the thickness of the sensor section can
be further reduced. Further, since, in the sensor section 800,
the transmission conductors 11Y and the reception conduc-
tors 12X can be configured substantially in one layer, a less
expensive sensor section can be provided.

[0598] Itistobenoted that, in the example of FIG. 54, while
the transmission conductors 11Y are formed of the conductor
pieces and the metal layer, the transmission conductors 11Y
may be configured as linear conductors and the reception
conductors 12X may be formed of conductor pieces and a
metal layer.

[0599] Itis to be noted that, while, in FIG. 54, the pressure
sensitive resistive members 131 are formed in a rectangular
shape so as to be separate from each other about the cross
point positions, the pressure sensitive resistive members 131
may be formed along the transmission conductors 11Y or the
reception conductors 12X.

<Modification 5 to the Sensor Section>

[0600] In a pointer detection apparatus which adopts the
cross point electrostatic coupling method, normally when the
sensor section is viewed from the face side on which a pointer
is operated, that is, from above, the sensor section has aregion
in which a plurality of reception conductors and transmission
conductors cross with each other to form conductor patterns
and another region in which no conductor pattern exists.
While the conductors are individually formed from a trans-
parent electrode film such as an ITO film or the like, the light
transmittance of the region in which conductor patterns exist
is lower than that of the region in which no conductor pattern
exists. As a result, non-uniformity of the light transmittance
appears on the sensor section. Some user may be sensitive to
such non-uniformity of the light transmittance. In the modi-
fication 5, a configuration is described which eliminates such
non-uniformity of the light transmittance on the sensor sec-
tion as just described.
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[0601] A general configuration of a sensor section 900 of
the present modification 5 is shown in FIG. 55. In the present
sensor section 900, a first transparent electrode film 913 and
a second transparent electrode film 914 made of a material
which is, for example, the same as that of the conductors are
provided in regions in which none of the transmission con-
ductors 911 and the reception conductors 912 exist. Since the
configuration of the other part is similar to that of the sensor
section described above, description of the same is omitted.

[0602] A configuration of the transmission conductors 911
and the first transparent electrode film 913 of the sensor
section 900 is shown in FIG. 56(A). In the present modifica-
tion 5, rectangular pieces of the first transparent electrode film
913 are disposed between two transmission conductors 911
disposed in the proximity of each other on the same face as
that on which the transmission conductors 911 are disposed.
The pieces of the first transparent electrode film 913 have a
dimension somewhat smaller than the dimension between the
transmission conductors 911 so as to prevent contact thereof
with the transmission conductors 911 and are spaced from the
transmission conductors 911 with a small air gap left therebe-
tween. On the other hand, the dimension of the pieces of the
first transparent electrode film 913 in the extending direction
of the transmission conductor 911 is set somewhat smaller
than the dimension calculated by adding a conductor width of
one reception conductor 912 to the dimension between the
reception conductors 912 disposed in the proximity of each
other. Then, each piece of the first transparent electrode film
913 is disposed in a positional relationship such that it extends
to a position of substantially V2 the conductor width of the
reception conductors 912 between the two reception conduc-
tors 912 positioned in the proximity of each other.

[0603] Further, a configuration of the reception conductors
912 and the second transparent electrode film 914 of the
sensor section 900 is shown in FIG. 56(B). The second trans-
parent electrode film 914 is disposed on the same face as that
on which the reception conductors 912 are disposed, and an
approach similar to that in the case in which the dimension of
the pieces of'the first transparent electrode film 913 is defined
can be applied to the dimension of pieces of the second
transparent electrode film 914. In particular, the pieces of the
second transparent electrode film 914 have the dimension
somewhat smaller than the dimension between the reception
conductors 912 so as to prevent contact thereof with the
reception conductors 912 and are spaced from the reception
conductors 912 with a small air gap left therebetween. On the
other hand, the dimension of the pieces of the second trans-
parent electrode film 914 in a lengthwise direction of the
reception conductors 912 is set such that they partially cover
the transmission conductors 911 disposed in the proximity of
each other.

[0604] The dimensions and the disposition of the pieces of
the first transparent electrode film 913 and the second trans-
parent electrode film 914 are configured such that, when the
sensor section 900 is viewed, for example, from the face side
(upper side) on which the pointer is operated, the superposed
relationship among the transmission conductor 911, recep-
tion conductor 912, first transparent electrode film 913, and
second transparent electrode film 914 is homogenized while
electrical insulation is maintained, so that a homogenized
optical characteristic can be maintained with respect to the
entire sensor section 900 while suppressing non-uniformity
of the transmittance.
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[0605] Ifthe conductors and the transparent electrode films
to be formed on the faces of the substrates of the sensor
section 900 are disposed as shown in FIGS. 56(A) and (B),
then when the sensor section 900 is viewed from above, the
first transparent electrode film 913 and the second transparent
electrode film 914, which are made of a material that is the
same as that of the conductors, are formed also in a region in
which a conductor pattern does not exist as shown in FIG. 55.
As a result, the non-uniformity of the transmittance on the
sensor section 900 is suppressed.

[0606] Itistobenoted that the shape of the pieces of the first
transparent electrode film 913 and the second transparent
electrode film 914 for suppressing the non-uniformity of the
transmittance is not limited to the rectangular shape. When
the sensor section 900 is viewed from above, it is only nec-
essary for the superposition relationship between the conduc-
tor patterns formed from the transmission conductors 911 and
reception conductors 912 and the first transparent electrode
film 913 and second transparent electrode film 914 to be
optically homogenized, and the shape of the pieces of the first
transparent electrode film 913 and the second transparent
electrode film 914 is suitably determined in connection with
the shape of the conductor patterns formed from the trans-
mission conductors 911 and the reception conductors 912.
For example, while, in the sensor section 900 of the modifi-
cation 5, a plurality of rectangular pieces of a transparent
electrode film are disposed at predetermined intervals along a
direction in which the transmission conductors 911 or the
reception conductors 912, the plural pieces of the transparent
electrode film may be formed as a single piece of the electrode
film.

[0607] When the pieces of the first transparent electrode
film 913 and the second transparent electrode film 914 are
disposed between the transmission conductors 911 and
between the reception conductors 912, respectively, capaci-
tive coupling may appear between the transmission conduc-
tors 911 and the first transparent electrode film and between
the reception conductors 912 and the second transparent elec-
trode film, resulting in a problem that the transmission con-
ductors 911 adjacent each other and the reception conductors
912 adjacent each other are bridged by the capacitive cou-
pling. In order to moderate the problem just described, a
plurality of slits parallel to the X-axis direction should be
formed onthe pieces of the first transparent electrode film 913
so that equivalently a plurality of capacitors exist in a serially
connected relationship between the transmission conductors
911 adjacent each other. Further, a plurality of'slits parallel to
the Y-axis direction should be formed on the pieces of the
second transparent electrode film 914 so that equivalently a
plurality of capacitors exist in a serially connected relation-
ship between the reception conductors 912 adjacent each
other. Further, a plurality of slits parallel to the X-axis direc-
tion and a plurality of slits parallel to the Y-axis direction may
be formed on the pieces of the first transparent electrode film
913 and the second transparent electrode film 914, respec-
tively, so that the first transparent electrode film 913 and the
second transparent electrode film 914 are divided into a
matrix.

[0608] The configuration of the present modification 5 can
be applied also to the sensor section of the embodiment
described above and the modifications 1 to 6 of the sensor
section. Further, it is also possible to separately prepare a
substrate wherein a transparent electrode film is formed in a
predetermined region for the prevention of non-uniformity of
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light transmittance, and to add the separately prepared sub-
strate to the sensor section. Further, as described above, a
film-like substrate may be adopted.

<Modification 6 to the Sensor Section>

[0609] The pressure sensitive material of the sensor section
100 in the first embodiment described above has the configu-
ration wherein the transmission resistors 13Y and the recep-
tion resistors 14X are disposed in a spaced relationship with
the predetermined space 15 left therebetween in a direction
orthogonal to the pointing input screen 100S as shown in FIG.
2. The present modification 6 to the sensor section is different
from the example described above in configuration of the
pressure sensitive material provided in the space 15. An
example of a configuration of a sensor section 1000 in the
modification 6 is described with reference to FIGS. 57 and 58.
FIG. 57(A) is a sectional view taken in an X-axis direction of
the sensor section 1000 in the modification 6, and FIG. 57(B)
is a sectional view in a Y-axis direction of the sensor section
1000.

[0610] In the present modification 6, a gel-like resistive
element 1001 is disposed on the lower side substrate 16 on
which the transmission conductors 11Y are disposed in the
space 15. A lattice-like slit member 1002 is disposed on the
gel-like resistive element 1001. In this instance, the lattice-
like slit member 1002 and the reception conductors 12X are
placed in a state spaced by a predetermined distance from
each other in the Z-axis direction.

[0611] As shown in a perspective view of FIG. 58, the
lattice-like slit member 1002 has rectangular slits 1003 hav-
ing a height h in the Z-axis direction. The rectangular slits
1003 are formed in accordance with an arrangement interval
of the transmission conductors 11Y and the reception con-
ductors 12X. Further, the lattice-like slit member 1002 is
disposed such that a central position of each rectangular slit
1003 is placed just below a cross point between a transmis-
sion conductor 11Y and a reception conductor 12X.

[0612] In the sensor section 1000 of the present modifica-
tion 6, a processing operation for detecting a position at which
apointer 18 contacts the pointing input screen 100S is similar
to that of the example described above.

[0613] In the sensor section 1000 of the modification 6, if a
pressing force is applied to the pointing input screen 100S by
a pointer 18, then a portion of the pointing input screen 100S
to which the pressing force is applied is deformed such that
the upper side substrate 17 presses and displaces the lattice-
like slit member 1002 to the gel-like resistive element 1001
side at the location.

[0614] Then, at the cross point corresponding to the loca-
tion at which the pressing force is applied, the gel-like resis-
tive element 1001 varies in such a manner as to swell through
the rectangular slit 1003 and is brought into contact with the
reception conductor 12X at the cross point. The contact area
between the gel-like resistive element 1001 and the reception
conductor 12X varies corresponding to the pressing force
applied to the pointing input screen 100S by the pointer 18.
[0615] Accordingly, also in the sensor section 1000 of the
present modification 6, detection of a pointer (including
detection of a pressing force) can be carried out similarly as in
the sensor section 100 of the first embodiment.

[0616] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, foreign patents, and U.S. and foreign patent publica-
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tions referred to in this specification and/or listed in the Appli-
cation Data Sheet are incorporated herein by reference, in
their entirety.

[0617] Theseandother changes canbe madeto the embodi-
ments in light of the above-detailed description. In general, in
the following claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed in
the specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

1. A pointer detection apparatus capable of detecting a
pointed position of and a pressure applied by a pointer, com-
prising:

a detection sensor including a plurality of first conductors
disposed in a first direction, a plurality of second con-
ductors disposed in a second direction crossing with the
first direction, and a pressure sensitive material disposed
between the plurality of first conductors and the plurality
of second conductors and having a variable resistance
characteristic;

a signal supplying circuit configured to supply signals to
the plurality of first conductors; and

a signal detection circuit configured to carry out signal
detection from the plurality of second conductors;

wherein said detection sensor is configured to supply, when
apointer is positioned in the proximity of said detection
sensor or when a pressure applied to said detection sen-
sor by the pointer in contact with said detection sensor is
equal to or lower than a threshold, signals corresponding
to variation in electrostatic capacity between the plural-
ity of first conductors and the plurality of second con-
ductors to said signal detection circuit, whereas said
detection sensor is further configured to supply, when
the pressure applied to said detection sensor by the
pointer is higher than the threshold, signals correspond-
ing to variation in resistance characteristic between the
plurality of first conductors and the plurality of second
conductors due to the application of the pressure by the
pointer to said pressure sensitive material to said signal
detection circuit.

2. The pointer detection apparatus according to claim 1,

wherein:

the resistance characteristic of said pressure sensitive
material varies depending upon an engagement state
between said pressure sensitive material and the plural-
ity of first conductors or the plurality of second conduc-
tors.

3. The pointer detection apparatus according to claim 2,

wherein:

said pressure sensitive material has at least first and second
members, and the first or second member is configured
to engage with the plurality of first conductors or the
plurality of second conductors in response to the pres-
sure from the pointer.

4. The pointer detection apparatus according to claim 2,

wherein:

said pressure sensitive material has at least first and second
members; and

the first member and the second member is configured to
engage with each other in response to the pressure from
the pointer.

5. The pointer detection apparatus according to claim 1,

wherein:
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said pressure sensitive material includes a plurality of con-
ductive particles, which are arranged to be coupled to
each other in response to application of the pressure
from the pointer to vary the resistance characteristic
between the plurality of first conductors and the plurality
of second conductors.
6. The pointer detection apparatus according to claim 1,
wherein:
the plurality of first conductors and the plurality of second
conductors are disposed on one face of a substantially
flat substrate, and said pressure sensitive material is
provided at least in cross point regions between the
plurality of first conductors and the plurality of second
conductors and is disposed as an insulating member for
the insulation between the plurality of first conductors
and the plurality of second conductors when no pressure
is applied from the pointer.
7. The pointer detection apparatus according to claim 1,
wherein:
said pressure sensitive material is formed at least along the
plurality of first conductors or along the plurality of
second conductors.
8. The pointer detection apparatus according to claim 1,
wherein:
said detection sensor has a substantially flat substrate hav-
ing transparency and said pressure sensitive material has
transparency,
the plurality of first conductors disposed in the first direc-
tion, the plurality of second conductors disposed in the
second direction, and said pressure sensitive material are
provided on the substrate; and
said detection sensor further includes a member having
transparency disposed in an opening region formed by
the plurality of first conductors disposed in the first
direction and the plurality of second conductors dis-
posed in the second direction.
9. The pointer detection apparatus according to claim 8,
wherein:
the member having transparency is formed of the same
material as that of said pressure sensitive material.
10. The pointer detection apparatus according to claim 1,
wherein:
the signals supplied from said signal supplying circuit to
the plurality of first conductors are supplied as voltage
signals while signals from the plurality of second con-
ductors are detected as a current variation, and said
signal detection circuit includes a current/voltage con-
version circuit for converting the current variation into a
voltage.
11. The pointer detection apparatus according to claim 10,
wherein:
said current/voltage conversion circuit includes a first
detection mode for obtaining a signal corresponding to
variation in electrostatic capacity between the plurality
of first conductors and the plurality of second conduc-
tors, and a second detection mode for obtaining a signal
corresponding to variation of the resistance characteris-
tic between the plurality of first conductors and the plu-
rality of second conductors due to application of the
pressure higher than the threshold to said detection sen-
SOr.
12. The pointer detection apparatus according to claim 11,
wherein:
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said current/voltage conversion circuit is configured from a
resistor, a capacitor, and a switch circuit configured to
selectively switch between said resistor and said capaci-
tor; and

said switch circuit is further configured to connect said
detection sensor to said capacitor in the first detection
mode and to connect said detection sensor to said resis-
tor in the second detection mode.

13. The pointer detection apparatus according to claim 1,

wherein:

the signals supplied from said signal supplying circuit to
the plurality of first conductors are signals which can be
discriminated from each other.

14. The pointer detection apparatus according to claim 13,

wherein:

said signals supplied from said signal supplying circuit to
the plurality of first conductors are codes that are
orthogonal to each other.

15. The pointer detection apparatus according to claim 14,

wherein:

said signal supplying circuit is configured to supply a cali-
bration signal directly to said signal detection circuit.

16. The pointer detection apparatus according to claim 15,
wherein:

the codes supplied from said signal supplying circuit to the
plurality of first conductors are Hadamard codes; and

in an Hadamard matrix of the Hadamard codes, nth chips
which are all “1s” in the matrix are used as the calibra-
tion signal for carrying out correction of the signals in
said signal detection circuit.

17. A detection sensor for obtaining a signal corresponding
to a pointed position of and a pressure applied by a pointer on
the detection sensor, comprising:

a plurality of first conductors disposed in a first direction

and configured to receive signals;

a plurality of second conductors disposed in a second
direction crossing with the first direction; and

apressure sensitive material disposed between said plural-
ity of first conductors and said plurality of second con-
ductors and having a variable resistance characteristic;
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wherein the detection sensor is configured to output, when
apointer is positioned in the proximity of said detection
sensor or when a pressure applied to said detection sen-
sor by the pointer in contact with said detection sensor is
equal to or lower than a threshold, signals corresponding
to variation in electrostatic capacity from said plurality
of second conductors, whereas said detection sensor is
further configured to output, when the pressure applied
to said detection sensor by the pointer is higher than the
threshold, signals corresponding to variation in resis-
tance characteristic from said plurality of second con-
ductors.

18. A method of detecting a pointed position of and a
pressure applied by a pointer on a detection sensor, wherein
the detection sensor includes a plurality of first conductors
disposed in a first direction, a plurality of second conductors
disposed in a second direction crossing with the first direc-
tion, and a pressure sensitive material disposed between said
plurality of first conductors and said plurality of second con-
ductors and having a variable resistance characteristic, the
method comprising:

supplying signals to the plurality of first conductors;

detecting signals corresponding to variation in electrostatic

capacity from said plurality of second conductors when
apointer is positioned in the proximity of said detection
sensor or when a pressure applied to said detection sen-
sor by the pointer in contact with said detection sensor is
equal to or lower than a threshold; and

detecting signals corresponding to variation in resistance

characteristic from said plurality of second conductors
when the pressure applied to said detection sensor by the
pointer is higher than the threshold.

19. The method of claim 18, wherein the signals corre-
sponding to variation in electrostatic capacity and the signals
corresponding to variation in resistance characteristic are
concurrently detected.

20. The method of claim 18, wherein the signals corre-
sponding to variation in electrostatic capacity and the signals
corresponding to variation in resistance characteristic are
time-divisionally detected.

sk sk sk sk sk
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