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(57) ABSTRACT 

The tactile sense presentation device comprises: a plurality of 
first electrodes covered with an insulating film and arranged 
on a same plane; a plurality of second electrodes arranged on 
the plane with tops exposed to outside; and a control unit 
performing a first operation in parallel with a second opera 
tion, wherein the first operation is for applying temporally 
changing first Voltages to a part of the plurality of first elec 
trodes to generate electric fields which are changed by the part 
of the plurality of first electrodes, and the second operation is 
for applying temporally changing first electric currents to a 
part of the plurality of second electrodes to cause the electric 
currents to flow from the part of the plurality of second 
electrodes to second electrodes which are different from the 
part of the plurality of second electrodes via electric conduc 
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METHOD FOR PRESENTING TACTLE 
SENSATION AND DEVICE THEREFOR 

TECHNICAL FIELD 

0001. The present disclosure relates to a method and a 
device for presenting a tactile sense to an operator. 

BACKGROUND ART 

0002. It has been widely accepted to control touch-en 
abled operating devices such as cellular phones and game 
consoles by touching a specific area on a touchpanel mounted 
on a liquid crystal screen with a finger or a stylus while 
viewing buttons and icons displayed on the screen. 
0003. However, the buttons and icons are merely dis 
played on the screen as images and are not presented as 
tangible and tactile objects. Therefore, the operators are 
required to visually recognize the displayed positions of the 
buttons and icons without having a real feeling of entering 
information Such as pressure and the like the operators usu 
ally feels in pressing a tangible button. 
0004. The method and apparatus for sensory stimulation 
described in Patent Document 1 present a tactile sense to the 
operator by using an electrostatic force. The tactile sense 
presentation device and the drive method for the device 
described in Patent Document 2 present a tactile sense to the 
operator by directly applying an electrical stimulus to a skin 
Surface. 

PRIOR ART DOCUMENTS 

Patent Documents 

0005 Patent Document 1: JP 2009-87359 A 
0006 Patent Document 2: JP 2005-85048 A 

SUMMARY OF INVENTION 

Problems to be Solved by the Invention 
0007. The method and apparatus for sensory stimulation 
described in Patent Document 1 form an electrode-finger 
electrode circuit by generating different electric potentials in 
two plane electrodes arranged on the Surface of the sensory 
stimulation apparatus and having a finger approach the elec 
trodes. With the electrostatic force generated between the 
finger and the electrodes, the technology produces an imita 
tional sensory stimulation. However, since the stimulation 
caused by the electrostatic force takes effect only on the finger 
Surface, available tactile senses are limited. 
0008. The tactile sense presentation device and the drive 
method for the device described in Patent Document 2 present 
tactile sense information to the operator by having the opera 
tor place his finger on an electrode array and applying an 
electric current to the skin in contact with the electrode array 
to stimulate the sensory nerve on the finger. However, avail 
able tactile senses are limited also in the case of the stimula 
tion caused by the electric current application. 
0009. The present disclosure is intended to solve the above 
described conventional problem, and it is an object of the 
invention to provide a tactile sense presentation device 
capable of presenting elaborate tactile senses both by using 
electric current stimulation to present a tactile sense and by 
using an electrostatic force to present a tactile sense. 
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Means for Solving the Problem 
0010. The present invention is made for the purpose of 
Solving the above problem. A tactile sense presentation 
device according to the present disclosure comprises: 
0011 a plurality of first electrodes covered with an insu 
lating film and arranged on a same plane; 
0012 a plurality of second electrodes arranged on the 
plane with tops exposed to outside; and 
0013 a control unit performing a first operation in parallel 
with a second operation, wherein the first operation is for 
applying temporally changing first Voltages to a part of the 
plurality of first electrodes to generate electric fields which 
are changed by the part of the plurality of first electrodes, and 
the second operation is for applying temporally changing first 
electric currents to a part of the plurality of second electrodes 
to cause the electric currents to flow from the part of the 
plurality of second electrodes to second electrodes which are 
different from the part of the plurality of second electrodes via 
electric conductors. 

Effects of the Invention 

0014. The tactile sense presentation device according to 
the present disclosure is capable of presenting elaborate tac 
tile senses by realizing both of tactile sense presentation 
based on electric current stimulation and tactile sense presen 
tation based on an electrostatic force without decreasing the 
effect of the electrostatic tactile sense presentation which 
makes use of the electrostatic force. 

BRIEF DESCRIPTION OF DRAWINGS 

0015 FIG. 1(1) is a plan view of a part of a tactile sense 
presentation device with a touch panel function according to 
a first embodiment of the present invention; FIG. 1(2) is a 
longitudinal sectional view of the tactile sense presentation 
device illustrated in FIG. 1(1) taken along a line “A-A’. 
0016 FIG. 2(1) is a diagram illustrating an example of the 
tactile sense presentation device illustrated in FIG. 1(1) caus 
ing first electrodes to function as electrostatic tactile sense 
presenting electrodes; FIG. 2(2) is a diagram illustrating a 
drive waveform of a Voltage generated by a Voltage source: 
FIG. 2(3) is a local sectional view illustrating a state of the 
first electrodes of the tactile sense presentation device illus 
trated in FIG. 2(1) having a finger placed on a top. 
0017 FIG.3(1) is a diagram illustrating an example of the 
tactile sense presentation device illustrated in FIG. 1(1) caus 
ing second electrodes to function as electric current tactile 
sense presenting electrodes; FIG. 3(2) is a diagram illustrat 
ing a drive waveform of an electric current generated by a 
current source: FIG. 3(3) is a local sectional view illustrating 
a state of the second electrodes of the tactile sense presenta 
tion device illustrated in FIG. 3(1) having a finger placed on 
a top. 
0018 FIG. 4 is a diagram illustrating an example of the 
tactile sense presentation device illustrated in FIG. 1(1) caus 
ing the first electrodes to function as touch sensors. 
0019 FIG. 5 is a diagram illustrating a configuration of a 

first electrode of a tactile sense presentation device with a 
touch panel function according to a second embodiment of 
the present invention. 
0020 FIG. 6(1) is a plan view of a part of a tactile sense 
presentation device with a touch panel function according to 
a third embodiment of the present invention; FIG. 6(2) is a 



US 2014/O 192005 A1 

longitudinal sectional view of the tactile sense presentation 
device illustrated in FIG. 6(1) taken along a line “A-A’. 
0021 FIG.7(1) is a table showing combination patterns of 
electrodes which carry out both of an electric current tactile 
sense presenting function and a touch sensor function; FIG. 
7(2) is a table showing combination patterns of electrodes 
which carry out both of an electrostatic tactile sense present 
ing function and a touch sensor function. 
0022 FIG. 8 is a table showing coexisting combinations of 
a set of electric current tactile sense presenting electrodes and 
touch sensor electrodes and a set of electrostatic tactile sense 
presenting electrodes and touch sensor electrodes, functions 
of which coexist in a space sharing manner or in a time 
sharing manner in the tactile sense presentation device as 
illustrated in FIG. 1 which has the electrostatic tactile sense 
presenting electrodes and the electric current tactile sense 
presenting electrodes arranged on a same plane. 
0023 FIG.9 is a table showing coexisting combinations of 
a set of electric current tactile sense presenting electrodes and 
touch sensor electrodes and a set of electrostatic tactile sense 
presenting electrodes and touch sensor electrodes, functions 
of which coexist in a space sharing manner or in a time 
sharing manner in the tactile sense presentation device as 
illustrated in FIG. 6 which has the electrostatic tactile sense 
presenting electrodes and the electric current tactile sense 
presenting electrodes arranged on different planes. 
0024 FIG. 10 shows a table indicating that the electric 
current tactile sense presenting electrodes adopt a dimension 
less matrix system, a passive matrix system, or an active 
matrix system, and a table indicating that the electrostatic 
tactile sense presenting electrodes adopt a dimensionless 
matrix system, a passive matrix system, or an active matrix 
system. 
0025 FIG. 11 is a diagram illustrating a configuration of 
the tactile sense presentation device which realizes a combi 
nation example of the tactile sense presenting electrodes. 
0026 FIG. 12(1) is a diagram illustrating the first elec 
trodes of the tactile sense presentation device illustrated in 
FIG. 11 operating as the electrostatic tactile sense presenting 
electrodes: FIG. 12(2) is a diagram illustrating the second 
electrodes of the tactile sense presentation device illustrated 
in FIG. 11 operating as the electric current tactile sense pre 
senting electrodes. 
0027 FIG. 13 is a diagram illustrating a configuration of 
the tactile sense presentation device which realizes a combi 
nation example of the tactile sense presenting electrodes. 
0028 FIG. 14(1) is a diagram illustrating the first elec 
trodes of the tactile sense presentation device illustrated in 
FIG. 13 operating as the touch sensor electrodes or the elec 
trostatic tactile sense presenting electrodes; FIG. 14(2) is a 
diagram illustrating the second electrodes of the tactile sense 
presentation device illustrated in FIG. 13 operating as the 
electric current tactile sense presenting electrodes. 
0029 FIG. 15A illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on a 
same plane in which both of the electric current tactile sense 
presenting electrodes and the electrostatic tactile sense pre 
senting electrodes function as dedicated electrodes. 
0030 FIG. 15B illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on a 
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same plane in which both of the electric current tactile sense 
presenting electrodes and the electrostatic tactile sense pre 
senting electrodes function as dedicated electrodes, different 
from FIG. 15A in a position taken for the cross section. 
0031 FIG. 16A illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on a 
same plane in which both of the electric current tactile sense 
presenting electrodes and the electrostatic tactile sense pre 
senting electrodes function as dedicated electrodes. 
0032 FIG. 16B illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on a 
same plane in which both of the electric current tactile sense 
presenting electrodes and the electrostatic tactile sense pre 
senting electrodes function as dedicated electrodes, different 
from FIG. 16A in a position taken for the cross section. 
0033 FIG. 17A illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on 
different planes in which both of the electric current tactile 
sense presenting electrodes and the electrostatic tactile sense 
presenting electrodes function as dedicated electrodes. 
0034 FIG. 17B illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on 
different planes in which both of the electric current tactile 
sense presenting electrodes and the electrostatic tactile sense 
presenting electrodes function as dedicated electrodes, differ 
ent from FIG. 17A in a position taken for the cross section. 
0035 FIG. 18A illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on 
different planes in which both of the electric current tactile 
sense presenting electrodes and the electrostatic tactile sense 
presenting electrodes function as dedicated electrodes. 
0036 FIG. 18B illustrates an outline of a manufacturing 
method of the tactile sense presentation device which has the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes arranged on 
different planes in which both of the electric current tactile 
sense presenting electrodes and the electrostatic tactile sense 
presenting electrodes function as dedicated electrodes, differ 
ent from FIG. 18A in a position taken for the cross section. 

MODES FOR CARRYING OUT THE INVENTION 

0037. The method and apparatus for sensory stimulation 
described in Patent Document 1 enable tactile sense presen 
tation based on an electrostatic force. On the other hand, the 
tactile sense presentation device and the drive method for the 
device described in Patent Document 2 enable tactile sense 
presentation based on electric current stimulation. On the 
condition that the tactile sense presentation based on electric 
current stimulation and the tactile sense presentation based on 
an electrostatic force by the apparatus, the device, and the 
methods are incorporated in a tactile sense presentation 
device, simultaneous presentation of these different tactile 
senses of an indirect tactile sense caused by an electrostatic 
force and a direct tactile sense caused by electric current 
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stimulation would be enabled. However, on the condition that 
tactile sense presenting electrodes using electric current 
stimulation are formed in the tactile sense presentation device 
using an electrostatic force, a tactile sense presenting elec 
trode layer using an electrostatic force would be arranged on 
the rear of a tactile sense presenting electrode layer using 
electric current stimulation across an insulating film. In that 
case, the effect of the electrostatic tactile sense presentation 
inevitably declines. 
0038. Then, the present disclosure provides a tactile sense 
presentation device capable of presenting elaborate tactile 
senses by realizing both of tactile sense presentation based on 
electric current stimulation and tactile sense presentation 
based on an electrostatic force without decreasing the effect 
of the electrostatic tactile sense presentation which makes use 
of the electrostatic force. 
0039 Embodiments of the present invention will be 
described below with reference to the drawings. 

First Embodiment 

1.1. Configuration of the Tactile Sense Presentation 
Device 

0040 FIG. 1(1) is a plan view of a part of a tactile sense 
presentation device 2 with a touchpanel function according to 
a first embodiment of the present invention, and FIG. 1(2) is 
a longitudinal sectional view of the tactile sense presentation 
device 2 illustrated in FIG. 1(1) taken along a line 
0041. In the tactile sense presentation device 2 illustrated 
in FIG. 1, first electrodes 101 are a plurality of electrostatic 
tactile sense presenting electrodes 4 made of ITO (indium tin 
oxide) of 100 nm in thickness arranged on a same plane. The 
first electrodes 101, each of which is a pentagon four of which 
occupy approximately three quarters of a square of side 0.8 
mm, are laid out on a same plane at intervals of 1 mm between 
the centers of the squares and at intervals of 0.2 mm between 
the electrodes. 
0042 Second electrodes 102 are a plurality of electric 
current tactile sense presenting electrodes 6 made of ITO 
(indium tin oxide) of 100 nm in thickness arranged on the 
same plane. The second electrodes 102, each of which is a 
square of side 0.8 mm, are laid out on the same plane at 
intervals of 2 mm between the centers of the squares and at a 
distance of 0.2 mm from the first electrodes 101. 
0043 First extraction electrodes 103, which are arranged 
below the first electrodes 101, are a plurality of electrodes 
extracted in one direction of the plane. Second extraction 
electrodes 104, which are arranged below the first electrodes 
101, are a plurality of electrodes extracted in a direction 
different from that of the first extraction electrodes 103. Both 
of the first and second extraction electrodes are made of ITO 
(indium tin oxide) of 100 nm in thickness and 50 um in line 
width. 
0044) Third extraction electrodes 105, which are arranged 
below the second electrodes 102, are a plurality of electrodes 
extracted in one direction of the plane. Fourth extraction 
electrodes 106, which are arranged below the second elec 
trodes 102, are a plurality of electrodes extracted in a direc 
tion different from that of the third extraction electrodes 105. 
Both of the third and fourth extraction electrodes are made of 
ITO (indium tin oxide) of 100 nm in thickness and 50 um in 
line width. 
0045 An insulating film 107, which is an insulator made 
of glass arranged to cover the top of the first electrodes 101, is 
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1 um thick on the surface of the first electrodes 101. A sub 
strate 108 is an insulator made of glass in contact with the 
bottoms of the first electrodes 101 and the second electrodes 
102. 
0046. The plurality of first electrodes 101 have their bot 
toms electrically connected with the first extraction elec 
trodes 103 or the second extraction electrodes 104. Also, the 
plurality of second electrodes 102 have their bottoms electri 
cally connected with the third extraction electrodes 105 or the 
fourth extraction electrodes 106. 
0047. As will be described below, the tactile sense presen 
tation device 2 illustrated in FIG. 1(1) causes the first elec 
trodes 101 to function as electrostatic tactile sense presenting 
electrodes, causes the second electrodes 102 to function as 
electric current tactile sense presenting electrodes, and fur 
ther causes the first electrodes 101 to function as touch sensor 
electrodes. 
0048. The tactile sense presentation device 2 according to 
the embodiment adopts a passive matrix system. As a result, 
the tactile sense presentation device 2 can select the first 
electrodes 101 to be caused to function as the electrostatic 
tactile sense presenting electrodes from among the plurality 
of first electrodes 101 by the unit of the first extraction elec 
trode 103 or by the unit of the second extraction electrode 
104. 
0049. Also, the tactile sense presentation device 2 can 
select the second electrodes 102 to be caused to function as 
the electric current tactile sense presenting electrodes from 
among the plurality of second electrodes 102 by the unit of the 
third extraction electrode 105 or by the unit of the fourth 
extraction electrode 106. 
0050. Further, the tactile sense presentation device 2 can 
select the first electrodes 101 to be caused to function as the 
touch sensor electrodes from among the plurality of first 
electrodes 101 by the unit of the first extraction electrode 103 
or by the unit of the second extraction electrode 104. 
0051. A control unit of the tactile sense presentation 
device 2 causes the first electrodes 101 to function as the 
electrostatic tactile sense presenting electrodes and the touch 
sensor electrodes in a time sharing manner. The control unit is 
implemented by a data processing unit to be described later. 
0052. It is needless to say that the size of the electrodes and 
the pitches to arrange the electrodes are merely examples and 
other sizes and pitches may be used. 

1.2. Electrostatic Tactile Sense Presenting Operation 
of The Tactile Sense Presentation Device 

0053 FIG. 2(1) is a diagram illustrating an example of the 
tactile sense presentation device 2 illustrated in FIG. 1(1) 
causing the first electrodes 101 to function as the electrostatic 
tactile sense presenting electrodes. In the tactile sense pre 
sentation device 2 illustrated in FIG. 2(1), a part of the first 
electrodes 101 are used as positive electrostatic interaction 
electrodes 111 whereas a part of the rest of the first electrodes 
101 are used as negative electrostatic interaction electrodes 
112. A prescribed voltage is applied to the positive electro 
static interaction electrodes 111. 
0054 FIG. 2(3) is a local sectional view illustrating a state 
of the first electrodes 101 of the tactile sense presentation 
device 2 illustrated in FIG. 2(1) having a finger placed on the 
top. As illustrated in FIG. 2(3), since the insulating film 107 is 
formed to cover the top of the positive electrostatic interaction 
electrodes 111 and the negative electrostatic interaction elec 
trodes 112, a dielectric 110 such as a human finger is placed 
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on the insulating film 107. A voltage source 113 is configured 
between the positive electrostatic interaction electrodes 111 
and the negative electrostatic interaction electrodes 112. 
0055 FIG. 2 (2) is a diagram illustrating a drive waveform 
of a Voltage generated by the Voltage source 113. The Voltage 
source 113 applies a positive voltage to the positive electro 
static interaction electrode 111 and a negative Voltage to the 
negative electrostatic interaction electrode 112. In response 
to the application, an opposite electric fields are induced in 
the dielectric (finger) 110 across the insulating film 107. 
Specifically, a negative charge is induced in a part facing the 
positive electrostatic interaction electrode 111 and a positive 
charge is induced in a part facing the negative electrostatic 
interaction electrode 112. As a result, electrostatic forces are 
produced between one charge of the dielectric (finger) 110 
and the positive electrostatic interaction electrode 111 and 
between another charge of the dielectric (finger) 110 and the 
negative electrostatic interaction electrode 112, so that the 
dielectric (finger) 110 experiences the electrostatic forces in 
the directions of the electrostatic interaction electrodes 111 
and 112. As the voltage of the voltage source 113 temporally 
changes, the electrostatic force experienced by the dielectric 
(finger) 110 changes, and therefore, the dielectric (finger) 110 
feels a vibration on its surface. 
0056. Usually, while a finger is being moved along a sur 
face of an object, the finger catches a vibration from the 
roughness of the object Surface and feels a tactile sense Such 
as granularity or Smoothness according to the strength and the 
frequency of the vibration. The tactile sense presentation 
device 2 can present imitational granularity or Smoothness to 
the finger by making use of the above described electrostatic 
force to cause the finger to feel the vibration. 
0057 Specifically, in the case where 5 to 200 V is applied 
to the positive electrostatic interaction electrode 111 and 0 V 
is applied to the negative electrostatic interaction electrode 
112 with the frequencies of 20 to 500 Hz, a granular feel can 
be presented. The higher the Voltage is, the stronger the 
granularity is, and the lower the Voltage is, the less strong the 
granularity is. In the case where the applied Voltage is 0 to 5 
V, no granularity is presented but such a tactile sense as 
glass-like Smoothness can be presented. With low frequen 
cies, a feel of coarse surface can be presented, and with high 
frequencies, a feel of fine Surface is presented. As described 
above, with the voltages from 0 to 200 V and the frequencies 
from 0 to 500 Hz, the tactile sense presentation device 2 can 
express tactile senses from glass-like Smoothness to granu 
larity. 

1.3. Electric Current Tactile Sense Presenting 
Operation of the Tactile Sense Presentation Device 

0058 FIG.3(1) is a diagram illustrating an example of the 
tactile sense presentation device 2 illustrated in FIG. 1(1) 
causing the second electrodes 102 to function as the electric 
current tactile sense presenting electrodes. In the tactile sense 
presentation device 2 illustrated in FIG. 3(1), a part of the 
second electrodes 102 are used as positive electric current 
interaction electrodes 115 whereas a part of the rest of the 
second electrodes 102 are used as negative electric current 
interaction electrodes 116. A prescribed electric current is 
supplied to the positive electric current interaction electrodes 
115. 
0059 FIG. 3(3) is a local sectional view illustrating a state 
of the second electrodes 102 of the tactile sense presentation 
device 2 illustrated in FIG.3(1) having a finger placed on the 
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top. As illustrated in FIG.3(3), an electric conductor 114 such 
as a human finger is placed to cover the top of the positive 
electric current interaction electrode 115 and the negative 
electric current interaction electrode 116. A current source 
117 is configured between the positive electric current inter 
action electrode 115 and the negative electric current interac 
tion electrode 116. 
0060 FIG.3(2) is a diagram illustrating a drive waveform 
of an electric current generated by the current source 117. The 
current source 117 causes an electric current to flow from the 
positive electric current interaction electrode 115 to the nega 
tive electric current interaction electrode 116. That is, the 
electric current flows through the electric conductor, i.e., the 
finger 114. As a result, sensory nerves in the skin are directly 
stimulated. As the electric current of the current source 117 
temporally changes, the stimulus experienced by the dielec 
tric (finger) 114 changes, and therefore, the dielectric (finger) 
114 feels a vibration. 
0061. Usually, while a finger is being moved along a 
stepped surface, the finger catches a vibration from the 
stepped part and feels a tactile sense of the sizes and the 
intervals of the steps according to the strength and the fre 
quency of the vibration. The tactile sense presentation device 
2 can present an imitational feel of roughness of steps by 
making use of the above described electric current stimula 
tion to cause the finger to feel the vibration. 
0062 Specifically, in the case where an electric current 0 
to 10 mA is applied between the positive electric current 
interaction electrode 115 and the negative electric current 
interaction electrode 116 with the frequency of 1 to 1200 Hz, 
a feel of roughness of steps can be presented. The larger the 
electric current is, the larger the felt step is, and the smaller the 
electric current is, the smaller the felt step is. In the case where 
the electric current is less than 0.5 mA, no step is felt and such 
a tactile sense as glass-like flatness can be presented. There 
fore, with the electric currents from 0 to 10 mA and the 
frequencies from 1 to 1200 Hz, the tactile sense presentation 
device 2 can express tactile senses from a glass-like flatness 
feel to a feel of a stepped surface. 
0063. As described above, the electrostatic tactile sense 
presenting electrodes are capable of presenting feels of 
granularity and Smoothness. On the other hand, the electric 
current tactile sense presenting electrodes are capable of pre 
senting a feel of roughness of steps. The tactile sense presen 
tation device according to the embodiment provided with a 
combination of a great number of these electrodes which are 
fine electrodes is capable of presenting elaborate tactile 
senses with mixed feels of granularity and roughness. 

1.4. Touch Panel Operation of the Tactile Sense 
Presentation Device 

0064 FIG. 4 is a diagram illustrating an example of the 
tactile sense presentation device 2 illustrated in FIG. 1(1) 
causing the first electrodes 101 to function as touch sensor 
electrodes. 
0065. In the example illustrated in FIG. 4, the tactile sense 
presentation device 2 applies a drive Voltage (touch drive) to 
a second extraction electrode 104B of the plurality of second 
extraction electrodes 104 to detect electric potentials of the 
respective first extraction electrodes 103 in order (touch 
sense). As a result, the first electrodes 101 which are electri 
cally connected with the second extraction electrodes 104B 
among the plurality of first electrodes 101 operate as drive 
electrodes 101B, whereas the first electrodes 101 which are 
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electrically connected with the first extraction electrodes 103 
operate as sense electrodes 101A. 
0066. In the case where an alternating current signal, for 
example, is applied to the drive electrode 101B, alternating 
current signals according to the capacities between the drive 
electrode 101B and the sense electrodes 101A are derived 
from the first extraction electrodes 103. The electrostatic 
capacities between the drive electrode 101B and the sense 
electrodes 101A differ depending on whether or not the 
dielectric Such as a human finger is at the places of the drive 
electrode 101B and the sense electrodes 101A. Therefore, the 
tactile sense presentation device 2 is capable of detecting the 
capacities between the drive electrode 101B and the sense 
electrodes 101A by applying the alternating Voltage to the 
drive electrode 101B and measuring the waveforms of the 
sense electrodes 101A. Then, the tactile sense presentation 
device 2 is capable of detecting the presence or absence of the 
dielectric Such as a human finger based on the capacities. 
Further, based on the positions of the driven second extraction 
electrode 104 and the first extraction electrodes 103 from 
which the signals are detected, the dielectric Such as a human 
finger can be located. Further, the tactile sense presentation 
device 2 can sequentially change the first electrode 101 which 
is to be caused to function as the drive electrode 101B by 
sequentially changing the second extraction electrode 104 to 
which an alternating Voltage is to be applied to, for example, 
the adjacent second extraction electrode 104. As a result, the 
tactile sense presentation device 2 which has the plurality of 
first electrodes 101 arranged on it can operate as a touch panel 
and detect the position of the dielectric Such as a human finger 
in a touch surface of the touch panel. 

1.5. Modifications of the Embodiment 

0067. In the present embodiment, the first electrodes 101 
are configured to operate as the drive electrodes of a touch 
sensor, the sense electrodes of a touch sensor, the positive 
electrostatic interaction electrodes for tactile sense presenta 
tion, and the negative electrostatic interaction electrodes for 
tactile sense presentation. It is needless to say that the third 
extraction electrodes 105 and the fourth extraction electrodes 
106 can be configured to cause the second electrodes 102 to 
operate as the drive electrodes of a touch sensor, the sense 
electrodes of a touch sensor, the positive electric current 
interaction electrodes for tactile sense presentation, and the 
negative electric current interaction electrodes for tactile 
sense presentation. 
0068 Although the first electrode 101 is assumed to be a 
pentagon in the embodiment, the shape of the first electrode 
101 is not particularly limited and the first electrode 101 may 
be in any shape which forms an electrostatic capacity with a 
human finger or the like to make the first electrode 101 avail 
able for the electrostatic tactile sense presenting function or 
the touch panel function. For example, the first electrode 101 
may be a square, a rectangle, a hexagon, or a round. 
0069. Although the second electrode 102 is assumed to be 
a square, the shape of the second electrode 102 is not particu 
larly limited and the second electrode 102 may be in any 
shape which enables an electric current to flow through a 
human finger or the like to make the second electrode 102 
available for the electric current tactile sense presenting func 
tion. For example, the second electrode 102 may be a rect 
angle, a hexagon, or a round. 
0070 Although the first electrodes 101, the second elec 
trodes 102, the first extraction electrodes 103, the second 
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extraction electrodes 104, the third extraction electrodes 105, 
and the fourth extraction electrodes 106 are assumed to be 
made of ITO of 100 um in thickness, it is apparent that the 
electrodes may be made of any material which has an elec 
trical conductance. For example, a metal oxide Such as ZnO 
(Zinc oxide), a metal Such as Al, Cu, Ag, or Au, or a conductive 
organic material may be used other than ITO. 
0071 Although glass is used for the insulating film 107 
and the substrate 108, the material is not particularly limited 
and any material may be used so far as it is an insulating 
material. For example, an organic insulator Such as PET or 
polyimide may be used. Even in the case where the tactile 
sense presentation device with a touch panel function is 
arranged on the front side of an image display device Such as 
a liquid crystal display, an organic electroluminescent dis 
play, or a plasma display, the tactile sense presentation device 
does not disturb the display function of the image display 
device, so far as the first electrodes 101, the second electrodes 
102, the first extraction electrodes 103, the second extraction 
electrodes 104, the third extraction electrodes 105, the fourth 
extraction electrodes 106, and the insulating film 107 are 
made of a material “transparent to visible light such as ITO, 
ZnO, or glass. 
0072 The term “transparent here means a feature of 
allowing an image to be visible to the human eyes. Therefore, 
the material only needs to allow an image on the display to be 
visible to the human eyes even with low transmittance of light 
of wavelength within a visual light range. 
0073. Alternatively, a metal such as Ag or carbon fiber 
which are as fine as invisible to the human eyes, even if not 
transparent in a wavelength range of visible light, may be 
used for the first electrodes 101, the second electrodes 102, 
the first extraction electrodes 103, the second extraction elec 
trodes 104, the third extraction electrodes 105, and the fourth 
extraction electrodes 106. 
0074 Although the insulating film 107 covering the first 
electrodes 101 is 1 um thick in the embodiment, the thickness 
is not limited to that. 
0075. In the case where a temporally changing voltage is 
applied between the positive electrostatic interaction elec 
trodes 111 and the negative electrostatic interaction elec 
trodes 112 and the dielectric (finger) 110 is in the vicinity of 
the surface of the insulating film 107, the amount of change 
Af/S of the electrostatic force per unit area that is applied by 
the first electrodes 101 to the dielectric (finger) 110 is repre 
sented by the expression 1 below. 

Expression 1 Af 8,80AV' 
e - 

0076. In the expression 1, Afis the amount of change of the 
force experienced by the dielectric (finger) 101, S is a pro 
jected area of the dielectric (finger) 110 on a plane formed by 
the first electrodes 101, i.e., an area of capacity made by the 
dielectric (finger) 101 and the first electrodes 101, er is a 
relative permittivity of the insulating film 107, 60 is a per 
mittivity in vacuum, AV is the maximum value of a potential 
difference between the first electrodes 101 and the dielectric 
(finger) 110 (which is a potential difference between the 
positive electrostatic interaction electrode 111 and the nega 
tive electrostatic interaction electrode 112, and also a tempo 
ral amount of change of the potential of the positive electro 
static interaction electrode 111 (the negative electrostatic 
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interaction electrode 112), and his a distance between the first 
electrodes 101 and the dielectric (finger) 110. Since the 
dielectric (finger) 110 is in contact with the surface of the 
insulating film 107 when the operator is using the tactile sense 
presentation device 2, his the thickness of the insulating film 
107 in the surface side of the first electrodes 101. It is under 
stood from the expression 1 that the amount of force change 
per unit area Af/S is in proportion to the square of the Voltage 
difference AV and in inverse proportion to the square of the 
thickness h of the insulating film 107. In the embodiment, the 
tactile sense presenting function is realized with the insulat 
ing film 107 of 1 Lum in thickness and the voltage AV of 0 to 
200V. As far as AV/h5IV/um is satisfied, an enough amount 
of force change per unit area Af/S is achieved. For example, in 
the case where the insulating film 107 is 10 um in thickness, 
the tactile sense presenting function is realized with the volt 
age AV in the range of 50 V or more. 

1.6. Summarization 

0077. The tactile sense presentation device according to 
the embodiment has the electrostatic tactile sense presenting 
electrodes and the electric current tactile sense presenting 
electrodes arranged on the same plane. As a result, the tactile 
sense presentation device according to the embodiment is 
capable of presenting elaborate tactile senses as a result of 
realizing both of tactile sense presentation based on electric 
current stimulation and tactile sense presentation based on an 
electrostatic force without decreasing the effect of the elec 
trostatic tactile sense presentation. 

Second Embodiment 

2.1. Configuration and Operation in an Active Matrix 
System 

0078. The tactile sense presentation device 2 with a touch 
panel function according to the first embodiment of the 
present invention adopts a passive matrix system. As a result, 
the tactile sense presentation device 2 selects the first elec 
trodes 101 to be caused to function as the electrostatic tactile 
sense presenting electrodes from among the plurality of first 
electrodes 101 by the unit of the first extraction electrode 103 
or by the unit of the second extraction electrode 104. Further, 
the tactile sense presentation device 2 with a touch panel 
function according to the first embodiment selects the first 
electrodes 101 to be caused to function as the touch sensor 
electrodes from among the plurality of first electrodes 101 by 
the unit of the first extraction electrode 103 or by the unit of 
the second extraction electrode 104. Still further, the control 
unit of the tactile sense presentation device 2 according to the 
first embodiment causes the first electrodes 101 to function as 
the electrostatic tactile sense presenting electrodes and the 
touch sensor electrodes in a time sharing manner. 
0079. In contrast, a tactile sense presentation device 2 with 
a touch panel function according to a second embodiment of 
the present invention adopts an active matrix system. That is, 
a control unit of the tactile sense presentation device 2 accord 
ing to the second embodiment causes the first electrodes 101 
to function as the electrostatic tactile sense presenting elec 
trodes and the touch sensor electrodes in a time sharing man 
ner in the active matrix system. The tactile sense presentation 
device 2 with a touch panel function according to the second 
embodiment will be described below by focusing on points 
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different from the tactile sense presentation device 2 with a 
touch panel function according to the first embodiment. 
0080 FIG. 5 is a diagram illustrating a configuration of a 

first electrode 101 of the tactile sense presentation device 2 
with a touch panel function according to the second embodi 
ment. First extraction electrodes 103 and second extraction 
electrodes 104 are connected with the first electrode 101 of 
the tactile sense presentation device 2 according to the second 
embodiment illustrated in FIG. 5. Further, as illustrated in 
FIG. 5, both of the first extraction electrodes 103 and the 
second extraction electrodes 104 contain a plurality of signal 
lines. The plurality of signal lines are connected with semi 
conductor circuits 71 to 74. 
I0081. The control unit of the tactile sense presentation 
device 2 according to the second embodiment causes the first 
electrodes 101 to function as the electrostatic tactile sense 
presenting electrodes and the touch sensor electrodes in a 
time sharing manner by using the above described first extrac 
tion electrodes 103, second extraction electrodes 104, and 
semiconductor circuits 71 to 74. 
I0082 Configurations of the first extraction electrode 103, 
the second extraction electrode 104, and the semiconductor 
circuits 71 to 74 according to the second embodiment will be 
described. 
0083. In the embodiment, the first extraction electrode 103 
includes four select lines of a Y-direction select line (touch 
drive) 21, a Y-direction select line (tactile sense-positive) 22, 
a Y-direction select line (touch sense) 23, and a Y-direction 
select line (tactile sense-negative) 24. 
I0084. The second extraction electrode 104 includes eight 
conductor lines of a drive line (touch drive)31, an X-direction 
select line (touch drive) 32, a drive line (tactile sense-positive) 
33, an X-direction select line (tactile sense-positive) 34, a 
drive line (touch sense) 35, an X-direction select line (touch 
sense) 36, a drive line (tactile sense-negative) 37, and an 
X-direction select line (tactile sense-negative) 38. Semicon 
ductor circuits 7 include the four same semiconductor circuits 
71 to 74. 

I0085. The semiconductor circuit 71 is arranged at the 
intersection point of the X-direction select line (touch drive) 
32, the drive line (touch drive) 31, and the Y-direction select 
line (touch drive) 21. The semiconductor circuit 72 is 
arranged at the intersection point of the X-direction select line 
(tactile sense-positive) 34, the drive line (tactile sense-posi 
tive)33, and the Y-direction select line (tactile sense-positive) 
22. The semiconductor circuit 73 is arranged at the intersec 
tion point of the X-direction select line (touch sense) 36, the 
drive line (touch sense) 35, and the Y-direction select line 
(touch sense) 23. The semiconductor circuit 74 is arranged at 
the intersection point of the X-direction select line (tactile 
sense-negative) 38, the drive line (tactile sense-negative) 37. 
and the Y-direction select line (tactile sense-negative) 24. The 
respective semiconductor circuits 71 to 74 are connected with 
the first electrode 101. 
I0086. As a result of turning ON one of the semiconductor 
circuits 71 to 74 illustrated in FIG. 5 associated with a pre 
determined function, the first electrode 101 can be caused to 
function as any of a drive electrode 101B of a touch sensor, a 
sense electrode 101A of a touch sensor, a positive electro 
static interaction electrode 111 for tactile sense presentation, 
and a negative electrostatic interaction electrode 112 for tac 
tile sense presentation. 
I0087 Specifically, a case where the first electrode 101 is 
caused to function as the drive electrode 101B of a touch 
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sensor will be described. First, the X-direction select line 
(touch drive) 32 and the Y-direction select line (touch drive) 
21 corresponding to the first electrode 101 which is to be 
caused to function as the drive electrode 101B of a touch 
sensor are set to ON Voltages, so that the semiconductor 
circuit 71 at the intersection point of the select lines 21 and 32 
is charged. Next, the X-direction select line (tactile sense 
positive) 34, the X-direction select line (touch sense) 36, the 
X-direction select line (tactile sense-negative) 38 are set to 
ON Voltages, then the Y-direction select line (tactile sense 
positive) 22, the Y-direction select line (touch sense) 23, and 
the Y-direction select line (tactile sense-negative) 24 are set to 
OFF voltages, so that the semiconductor circuits 72,73, and 
74 are discharged. As a result, the voltage of the drive line 
(touch drive) 31 appears at the first electrode 101, and the 
voltage of the first electrode 101 becomes independent of the 
voltages of the drive line (tactile sense-positive) 33, the drive 
line (touch sense) 35, and the drive line (tactile sense-nega 
tive) 37. 
0088. Further, by recharging or discharging the semicon 
ductor circuits 71 to 74 by using the corresponding first 
extraction electrodes 103 and second extraction electrodes 
104 after a certain time period, the tactile sense presentation 
device 2 can cause the respective first electrodes 101 to have 
different functions. 

0089. In the above example, the semiconductor circuit 71 
among the semiconductor circuits 71 to 74 has been 
described. As for the semiconductor circuit 73, the tactile 
sense presentation device 2 can lead the charge and the poten 
tial appearing at the first electrode 101 to the control unit via 
the drive line 35 by causing the semiconductor circuit 73 to 
operate in the same manner as the semiconductor circuit 71. 
Further, as for the semiconductor circuit 72, the tactile sense 
presentation device 2 can apply the drive Voltage for tactile 
sense presentation (tactile sense-positive) from the control 
unit to the first electrode 101 via the drive line 33 by causing 
the semiconductor circuit 72 to operate in the same manner as 
the semiconductor circuit 71. Still further, as for the semicon 
ductor circuit 74, the tactile sense presentation device 2 can 
apply the drive Voltage for tactile sense presentation (tactile 
sense-negative) from the control unit to the first electrode 101 
via the drive line 37 by causing the semiconductor circuit 74 
to operate in the same manner as the semiconductor circuit 
71. 

0090. In the configuration illustrated in FIG. 5, the four 
semiconductor circuits 71 to 74 are connected with the single 
first electrode 101. The tactile sense presentation device 2 is 
configured to cause each one of the first electrodes 101 to 
operate as any of the drive electrode of a touch sensor, the 
sense electrode of a touch sensor, the positive electrostatic 
interaction electrode for tactile sense presentation, and the 
negative electrostatic interaction electrode for tactile sense 
presentation in a time sharing manner. However, each of the 
first electrodes 101 is not necessarily required to function as 
all of the four kinds of electrodes. For example, the tactile 
sense presentation device 2 may cause half of the plurality of 
first electrodes 101 to function as the drive electrodes of a 
touch sensor and the positive electrostatic interaction elec 
trodes for tactile sense presentation, and cause the other half 
to function as the sense electrodes of a touch sensor and the 
negative electrostatic interaction electrodes for tactile sense 
presentation. In that case, the plurality of first electrodes 101, 
as a whole, are caused to function as the touch sensor and the 
tactile sense presentation device. Therefore, since only two of 
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the semiconductor circuits 71 are required for the single first 
electrode 101, reduction in the area and the cost of the semi 
conductor circuits 71 can be achieved. 
0091. The tactile sense presentation device 2 determines 
whether the first electrode 101 is to be function as the touch 
sensor or as the tactile sense presentation device based on the 
signal given to the first electrode 101. In the embodiment, the 
signal given to the first electrode 101 is switched by the four 
semiconductor circuits 71 to 74 provided below the first elec 
trode 101. However, the present embodiment is not limited to 
that. For example, the signal given to the first electrode 101 
may be Switched in the control unit. In that case, it is no longer 
required to provide the four semiconductor circuits 71 to 74 
for the single first electrode 101. That is, it is required to 
provide only one semiconductor circuit to control whether a 
drive voltage or the like supplied from the control unit is given 
to the first electrode 101. As a result, reduction in the area and 
the cost of the semiconductor circuits 7 can be achieved. 
0092. 2.1. Modifications of the Embodiment 
(0093. In the present embodiment, the first electrodes 101 
are configured to operate as the drive electrodes of a touch 
sensor, the sense electrodes of a touch sensor, the positive 
electrostatic interaction electrodes for tactile sense presenta 
tion, and the negative electrostatic interaction electrodes for 
tactile sense presentation. It is needless to say that the third 
extraction electrodes 105 and the fourth extraction electrodes 
106 can be configured to cause the second electrodes 102 to 
operate as the drive electrodes of a touch sensor, the sense 
electrodes of a touch sensor, the positive electric current 
interaction electrodes for tactile sense presentation, and the 
negative electric current interaction electrodes for tactile 
sense presentation. 

Third Embodiment 

0094 FIG. 6(1) is a plan view of a part of a tactile sense 
presentation device 2 with a touchpanel function according to 
a third embodiment of the present invention, and FIG. 6(2) is 
a longitudinal sectional view of the tactile sense presentation 
device 2 illustrated in FIG. 6(1) taken along a line 
0095. As illustrated in FIGS. 1 and 6, the tactile sense 
presentation device with a touch panel function according to 
the third embodiment has almost the same configuration as 
that of the tactile sense presentation device with a touch panel 
function according to the first embodiment. In contrast to the 
tactile sense presentation device with a touch panel function 
according to the first embodiment which has the first elec 
trodes 101 and the second electrodes 102 arranged on the 
same plane, the tactile sense presentation device with a touch 
panel function according to the third embodiment has first 
electrodes 101 and second electrodes 102 arranged on differ 
ent planes. 
0096 Specifically, in the tactile sense presentation device 
2 according to the third embodiment illustrated in FIG. 6(2), 
firstly, a plurality of first electrodes (electrostatic tactile sense 
presenting electrodes) 101 are arranged on the top of a Sub 
strate 108. An insulating film 107 is arranged to cover the 
plurality of first electrodes (electrostatic tactile sense present 
ing electrodes) 101 and the substrate 108. Further, the second 
electrodes (electric current tactile sense presenting elec 
trodes) 102 are arranged on the top of the insulating film 107. 
0097. The tactile sense presentation device 2 according to 
the third embodiment is the same as the tactile sense presen 
tation device according to the first embodiment in that first 
extraction electrodes 103, which are arranged below the first 
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electrodes 101, are a plurality of electrodes extracted in one 
direction of the plane and second extraction electrodes 104, 
which are arranged below the first electrodes 101, are a plu 
rality of electrodes extracted in a direction different from that 
of the first extraction electrodes 103. 
0098. Also, the tactile sense presentation device 2 accord 
ing to the third embodiment is the same as the tactile sense 
presentation device according to the first embodiment in that 
third extraction electrodes 105, which are arranged below the 
second electrodes 102, are a plurality of electrodes extracted 
in one direction of the plane and fourth extraction electrodes 
106, which are arranged below the second electrodes 102, are 
a plurality of electrodes extracted in a direction different from 
that of the third extraction electrodes 105. 
0099 Further, the tactile sense presentation device 2 
according to the third embodiment is the same as the tactile 
sense presentation device according to the first embodiment 
also in that the plurality of first electrodes 101 have their 
bottoms electrically connected with the first extraction elec 
trodes 103 or the second extraction electrodes 104 and the 
plurality of second electrodes 102 have their bottoms electri 
cally connected with the third extraction electrodes 105 or the 
fourth extraction electrodes 106. 
0100. A manufacturing method of the tactile sense presen 
tation device 2 with a touch panel function according to the 
third embodiment will be described later. 
0101 The tactile sense presentation device 2 with a touch 
panel function according to the third embodiment has almost 
the same configuration as that of the tactile sense presentation 
device with a touch panel function according to the first 
embodiment and operates as a passive matrix tactile sense 
presentation device with a touch panel function. 
0102. Further, with an appropriate configuration of the 

first extraction electrodes 103, the second extraction elec 
trodes 104, the third extraction electrodes 105, the fourth 
extraction electrodes 106, and semiconductor circuits 71 to 
74 (not shown), the tactile sense presentation device 2 with a 
touch panel function according to the third embodiment illus 
trated in FIG. 6 can be made to operate as an active matrix 
tactile sense presentation device with a touch panel function. 

Fourth Embodiment 

0103 As described in the first to third embodiments, the 
electrostatic tactile sense presenting electrodes and the elec 
tric current tactile sense presenting electrodes in the tactile 
sense presentation device can be adapted to a passive matrix 
system and also can be adapted to an active matrix system. 
Further, as shown in FIG. 10, the electrostatic tactile sense 
presenting electrodes and the electric current tactile sense 
presenting electrodes also can be adapted to a dimensionless 
matrix system. Here, the dimensionless matrix system refers 
to a system for causing the same Voltage or the same electric 
current to be applied to all of the electrodes to make each of 
the electrodes present the same tactile sense. 
0104. As described in the first to third embodiments, also 
the touch sensor electrodes in the tactile sense presentation 
device with a touch panel function can be adapted to a passive 
matrix system and also can be adapted to an active matrix 
system. 
0105. Further, the electrodes (the first electrodes 101 and 
the second electrodes 102) according to the first to third 
embodiments have both of the functions of the tactile sense 
presenting electrodes and the touch sensor electrodes. 
Although it has been described that the tactile sense present 
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ing electrode function and the touch sensor electrode function 
are Switched in a time sharing manner in the first to third 
embodiments, the tactile sense presenting electrodes and the 
touch sensor electrodes may be arranged in a space sharing 
manner. FIG. 7(1) is a table showing combination patterns of 
electrodes which carry out both of an electric current tactile 
sense presenting function and a touch sensor function, and 
FIG. 7(2) is a table showing combination patterns of elec 
trodes which carry out both of an electrostatic tactile sense 
presenting function and a touch sensor function. As illustrated 
in FIGS. 7(1), 7(2), and 10, the tactile sense presenting elec 
trodes can be adapted to a dimensionless matrix system, a 
passive matrix system, and an active matrix system. The 
touch sensor electrodes can be adapted to a passive matrix 
system and an active matrix system. 
0106. As illustrated in FIGS. 7(1) and 7(2), among the 
electrodes which carry out both of the tactile sense presenting 
electrode function and the touch sensor electrode function, 
the tactile sense presenting electrodes and the touch sensor 
electrodes can be arranged in a space sharing manner. In the 
case where either of the tactile sense presenting electrodes 
and the touch sensor electrodes are adapted to the active 
matrix system, each of the electrodes needs to have a semi 
conductor circuit (TPI)7. In the case where the electrodes are 
adapted to the active matrix system as described above, the 
tactile sense presenting electrode function and the touchsen 
sor electrode function may be provided for each of the elec 
trodes in a time sharing manner. 
0107 4.1. Combinations of the Electrostatic Tactile Sense 
Presenting Electrodes and the Electric Current Tactile Sense 
Presenting Electrodes Arranged on the Same Plane of the 
Tactile Sense Presentation Device 
0.108 FIG. 8 is a table showing sharing combinations of a 
set of the electric current tactile sense presenting electrodes 
and the touch sensor electrodes and a set of the electrostatic 
tactile sense presenting electrodes and the touch sensor elec 
trodes, the functions of which coexist in a space sharing 
manner or in a time sharing manner in the tactile sense pre 
sentation device as illustrated in FIG. 1 which has the elec 
trostatic tactile sense presenting electrodes and the electric 
current tactile sense presenting electrodes arranged on the 
same plane. 
0109 For example, the number (1) in FIG. 8 indicates a 
combination of the electric current tactile sense presenting 
electrodes which function as dedicated electrodes and a set of 
the electrostatic tactile sense presenting electrodes and the 
touch sensor electrodes the functions of which coexist with 
each other in a space sharing manner. The entry for “exposed 
electrode' indicates that the electric current tactile sense pre 
senting electrodes are exposed, and the entry for “unexposed 
electrode' indicates that the voltage (electrostatic) tactile 
sense presenting electrodes which also serve as the touch 
sensor electrodes are unexposed (i.e., covered with an insu 
lating film). 
0110. For example, the number (3) in FIG. 8 indicates a 
combination of the electric current tactile sense presenting 
electrodes which function as dedicated electrodes and a set of 
the electrostatic tactile sense presenting electrodes and the 
touch sensor electrodes the functions of which coexist with 
each other in a space sharing manner or in a time sharing 
manner in the tactile sense presentation device. 
0111 For example, the number (6) in FIG. 8 indicates a 
combination of the electrostatic tactile sense presenting elec 
trodes which function as dedicated electrodes and a set of the 
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electric current tactile sense presenting electrodes and the 
touch sensor electrodes the functions of which coexist with 
each other in a space sharing manner or in a time sharing 
manner in the tactile sense presentation device. 
0112 For example, the number (9) in FIG. 8 indicates a 
combination of a set of the electric current tactile sense pre 
senting electrodes and the touch sensor electrodes the func 
tions of which coexist with each other in a space sharing 
manner and a set of the electrostatic tactile sense presenting 
electrodes and the touch sensor electrodes the functions of 
which coexist with each other in a space sharing manner or in 
a time sharing manner in the tactile sense presentation device. 
0113 For example, the number (12) in FIG. 8 indicates a 
combination of a set of the electric current tactile sense pre 
senting electrodes and the touch sensor electrodes the func 
tions of which coexist with each other in a time sharing 
manner and a set of the electrostatic tactile sense presenting 
electrodes and the touch sensor electrodes the functions of 
which coexist with each other in a space sharing manner or in 
a time sharing manner in the tactile sense presentation device. 
0114 For example, the number (15) in FIG. 8 indicates a 
combination of a set of the electric current tactile sense pre 
senting electrodes and the touch sensor electrodes the func 
tions of which coexist with each other in a space sharing 
manner or in a time sharing manner and a set of the electro 
static tactile sense presenting electrodes and the touch sensor 
electrodes the functions of which coexist with each other in a 
space sharing manner or in a time sharing manner in the 
tactile sense presentation device. 
0115 For example, the number (16) in FIG. 8 indicates a 
combination of the electric current tactile sense presenting 
electrodes which function as dedicated electrodes and the 
electrostatic tactile sense presenting electrodes which func 
tion as dedicated electrodes in the tactile sense presentation 
device. In the last combination, the tactile sense presentation 
device does not have a touch panel function. 
0116 4.2. Combinations of the Electrostatic Tactile Sense 
Presenting Electrodes and the Electric Current Tactile Sense 
Presenting Electrodes Arranged on Different Planes of the 
Tactile Sense Presentation Device 
0117 FIG. 9 is a table showing sharing combinations of a 
set of the electric current tactile sense presenting electrodes 
and the touch sensor electrodes and a set of the electrostatic 
tactile sense presenting electrodes and the touch sensor elec 
trodes, the functions of which coexist in a space sharing 
manner or in a time sharing manner in the tactile sense pre 
sentation device as illustrated in FIG. 6 which has the elec 
trostatic tactile sense presenting electrodes and the electric 
current tactile sense presenting electrodes arranged on differ 
ent planes. 
0118. The table shown in FIG. 9 is almost the same as the 
table shown in FIG. 8 except that the table shown in FIG.9 
does not contain a combination of the electric current tactile 
sense presenting electrodes which function as dedicated elec 
trodes and the electrostatic tactile sense presenting electrodes 
which function as dedicated electrodes in the tactile sense 
presentation device. 
0119) 4.3.1. Combination Example (1) of the Tactile Sense 
Presenting Electrodes in the Tactile Sense Presentation 
Device 
0120 FIG. 11 is a diagram illustrating a configuration of 
the tactile sense presentation device which realizes a combi 
nation example of the tactile sense presenting electrodes. The 
tactile sense presentation device illustrated in FIG.11 realizes 

Jul. 10, 2014 

the combination of the number (16) shown in FIG. 8 and 
adopts the active matrix system shown in FIG. 10. That is, the 
first electrodes 101 are only used as the electrostatic tactile 
sense presenting electrodes whereas the second electrodes 
102 are only used as the electric current tactile sense present 
ing electrodes. FIG. 11(1) is a plane view illustrating a con 
figuration of first electrodes 101, second electrodes 102, first 
extraction electrodes 103, second extraction electrodes 104, 
third extraction electrodes 105, and fourth extraction elec 
trodes 106 of the tactile sense presentation device. FIG.11(2) 
is longitudinal sectional views of the tactile sense presenta 
tion device illustrated in FIG. 11(1) taken along lines (a) and 
(b). FIG.11(3) is a block diagram of the tactile sense presen 
tation device including a data processing unit 50, an electro 
static tactile sense driver unit 52, and an electric current tactile 
sense driver unit 54. 

I0121. As illustrated in FIGS. 11(1) and 11(2), semicon 
ductor circuits (TFT) 7 are provided below the first electrodes 
101 and the second electrodes 102. As also illustrated in FIG. 
5, the first extraction electrodes 103, the second extraction 
electrodes 104, the third extraction electrodes 105, and the 
fourth extraction electrodes 106 contain a plurality of signal 
lines (see arrows froma). Further, as illustrated in FIG.11(3), 
the first extraction electrodes 103 and the second extraction 
electrodes 104 are connected with the electrostatic tactile 
sense driver unit 52, and the third extraction electrodes 105 
and the fourth extraction electrodes 106 are connected with 
the electric current tactile sense driver unit 54. Therefore, the 
data processing unit 50 controls signals to be given to the first 
electrodes 101 through the first extraction electrodes 103 and 
the second extraction electrodes 104 by the electrostatic tac 
tile sense driver unit 52. The data processing unit 50 also 
controls signals to be given to the second electrodes 102 
through the third extraction electrodes 105 and the fourth 
extraction electrodes 106 by the electric current tactile sense 
driver unit 54. 

0.122 The data processing unit 50 is a control unit for 
controlling respective components which configure the tac 
tile sense presentation device and external devices by pro 
cessing the input signals and data and outputting respective 
control signals and control data. The data processing unit 50 
realizes the respective functions by executing on a processor 
programs for realizing the functions according to the embodi 
ment. The data processing unit 50 may be implemented by a 
hard-wired device capable of providing functions according 
to the embodiment. 

(0123. Meanwhile, as illustrated in FIG. 11(3), the data 
processing unit 50 also processes data related with an external 
image display unit 56. Therefore, the tactile sense presenta 
tion device illustrated in FIG. 11 can be used in combination 
with the external image display unit 56. 
0.124. Further, as illustrated in FIG. 11(3), the data pro 
cessing unit 50 also processes data related with an external 
contact sensing unit 58. The external contact sensing unit 58 
is an external touch sensor device which has a contact posi 
tion detection unit for detecting a position of an approaching 
part of the body of the operator on the tactile sense presenta 
tion device. With that function, the tactile sense presentation 
device is capable of outputting an electric signal only to 
electrodes corresponding to the part of the body in contact 
with the tactile sense presentation device. The aspect can 
reduce the power consumption without reducing the amount 
of information presented by the tactile sense. 
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0.125. The contact position detection unit in the external 
contact sensing unit 58 may be implemented by a scanning 
mechanism which scans the tactile sense presentation device 
in a plane direction to detect the contact position. The scan 
ning mechanism may include an XY laser scanner which 
detects a contact position based on a change in a laser beam. 
Further, the contact position detection unit in the external 
contact sensing unit 58 may be implemented by a detection 
mechanism which detects a contact position based on a 
change in a physical property of a section for presenting the 
tactile sense or may include a pressure sensor which detects a 
contact position based on a change in pressure on the section 
for presenting the tactile sense. 
0126 FIG. 12(1) is a diagram illustrating the first elec 
trodes 101 of the tactile sense presentation device illustrated 
in FIG. 11 operating as the electrostatic tactile sense present 
ing electrodes. FIG. 12(2) is a diagram illustrating the second 
electrodes 102 of the tactile sense presentation device illus 
trated in FIG. 11 operating as the electric current tactile sense 
presenting electrodes. 
0127. In the tactile sense presentation device illustrated in 
FIG. 12(1), a periodic voltage is applied between the hatched 
first electrodes 101 and the first electrodes 101 filled with 
dots. Therefore, on the condition that a dielectric (finger) is 
placed between these electrodes 101, a tactile sense of granu 
larity can be given to the dielectric (finger). 
0128. In the tactile sense presentation device illustrated in 
FIG. 12(2), a periodic electric current is supplied between the 
second electrodes 102 which are filled with fine dots and the 
second electrodes 102 which are filled with coarse dots. 
Therefore, on the condition that an electric conductor (finger) 
is placed between these electrodes 102, a tactile sense of 
roughness can be given to the electric conductor (finger). 
0129 4.3.2. Combination Example (2) of the Tactile Sense 
Presenting Electrodes in the Tactile Sense Presentation 
Device 
0130 FIG. 13 is a diagram illustrating a configuration of 
the tactile sense presentation device which realizes a combi 
nation example of the tactile sense presenting electrodes. The 
tactile sense presentation device illustrated in FIG. 13 realizes 
the combination of the number (3) shown in FIG. 8 and adopts 
the active matrix system shown in FIG. 10. That is, the first 
electrodes 101 are used as the electrostatic tactile sense pre 
senting electrodes or the touch sensor electrodes in a space 
sharing manner or in a time sharing manner whereas the 
second electrodes 102 are only used as the electric current 
tactile sense presenting electrodes. FIG. 13(1) is a plane view 
illustrating a configuration of the first electrodes 101, the 
second electrodes 102, the first extraction electrodes 103, the 
second extraction electrodes 104, the third extraction elec 
trodes 105, and the fourth extraction electrodes 106 of the 
tactile sense presentation device. FIG. 13(2) is longitudinal 
sectional views of the tactile sense presentation device illus 
trated in FIG. 13(1) taken along lines (a) and (b). FIG. 13(3) 
is a block diagram of the tactile sense presentation device 
including the data processing unit 50, the electrostatic tactile 
sense driver unit 52, the electric current tactile sense driver 
unit 54, and an electrostatic contact sensing unit 60. 
0131. As illustrated in FIGS. 13(1) and 13(2), the semi 
conductor circuits (TFT) 7 are provided below the first elec 
trodes 101 and the second electrodes 102. As also illustrated 
in FIG. 5, the first extraction electrodes 103, the second 
extraction electrodes 104, the third extraction electrodes 105, 
and the fourth extraction electrodes 106 connected with the 
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semiconductor circuits (TFT) 7 contain a plurality of signal 
lines (see arrows from C). On the other hand, each of the first 
extraction electrodes 103 and the second extraction elec 
trodes 104 which are not connected with the semiconductor 
circuits (TFT) 7 is made of a single signal line (see arrows 
from B). Further, as illustrated in FIG. 13(3), the first extrac 
tion electrodes 103 and the second extraction electrodes 104 
are connected with the electrostatic tactile sense driver unit 52 
and the electrostatic contact sensing unit 60, and the third 
extraction electrodes 105 and the fourth extraction electrodes 
106 are connected with the electric current tactile sense driver 
unit 54. Therefore, the data processing unit 50 controls sig 
nals to be given to the first electrodes 101 through the first 
extraction electrodes 103 and the second extraction elec 
trodes 104 by the electrostatic tactile sense driver unit 52 and 
the electrostatic contact sensing unit 60. The data processing 
unit 50 also controls signals to be given to the second elec 
trodes 102 through the third extraction electrodes 105 and the 
fourth extraction electrodes 106 by the electric current tactile 
sense driver unit 54. 
0.132. As illustrated in FIG. 13(3), the data processing unit 
50 also processes data related with an external image display 
unit 56. Therefore, the tactile sense presentation device illus 
trated in FIG. 13 can be used together with the external image 
display unit 56. 
0.133 FIG. 14(1) is a diagram illustrating the first elec 
trodes of the tactile sense presentation device illustrated in 
FIG. 13 operating as the touch sensor electrodes or the elec 
trostatic tactile sense presenting electrodes. FIG. 14(2) is a 
diagram illustrating the second electrodes 102 of the tactile 
sense presentation device illustrated in FIG. 13 operating as 
the electric current tactile sense presenting electrodes. 
I0134. In the tactile sense presentation device illustrated in 
FIG. 14(1), the cross-hatched first electrodes 101 operates as 
the touch sensor electrodes in a space sharing manner with the 
other first electrodes 101. 
I0135) In the tactile sense presentation device illustrated in 
FIG. 14(1), a periodic voltage is applied between the first 
electrodes 101 with left down hatching (located almost in the 
center) and the first electrodes 101 with right down hatching. 
Therefore, on the condition that a dielectric (finger) is placed 
between these electrodes 101, a tactile sense of granularity 
can be given to the dielectric (finger). Further, these hatched 
first electrodes 101 also operate as the touch sensor electrodes 
in a time sharing manner. 
0.136. In the tactile sense presentation device illustrated in 
FIG. 14(2), a periodic electric current is supplied between the 
second electrodes 102 which are filled with fine dots and the 
second electrodes 102 which are filled with coarse dots. 
Therefore, on the condition that an electric conductor (finger) 
is placed between these electrodes 102, a tactile sense of 
roughness can be given to the electric conductor (finger). 

Fifth Embodiment 

0.137. A manufacturing method of the tactile sense presen 
tation device according to the embodiments of the present 
invention will be described. 
I0138 5.1. Manufacturing Method of the Tactile Sense Pre 
sentation Device Having the Electrostatic Tactile Sense Pre 
senting Electrodes and the Electric Current Tactile Sense 
Presenting Electrodes Arranged on the Same Plane 
0.139 FIGS. 15A, 15B, 16A, and 16B illustrate an outline 
of manufacturing methods of the tactile sense presentation 
device having the electrostatic tactile sense presenting elec 
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trodes and the electric current tactile sense presenting elec 
trodes arranged on a same plane in which both of the electric 
current tactile sense presenting electrodes and the electro 
static tactile sense presenting electrodes function as dedicated 
electrodes (see the number (16) in the table shown in FIG. 8). 
FIGS. 15A and 16A illustrate longitudinal sectional views 
taken along a line crossing vias 202 which are connected with 
the first electrodes 101, whereas FIGS. 15B and 16B illustrate 
longitudinal sectional views taken along a line crossing vias 
202 which are connected with the second electrodes 102 
(though, FIG.15AC") illustrates a longitudinal sectional view 
taken along a line crossing the ViaS 202 which are connected 
with the second electrodes 102, whereas FIG. 16A(g") illus 
trates alongitudinal sectional view taken along a line crossing 
the Vias 202 which are connected with the first electrodes 
101). 
0140. In the method illustrated in FIGS. 15A and 15B, 

first, a section of the substrate 108a at the bottom is made ((a) 
to (d)), then, a section of a protective substrate 108b at the top 
is made ((e) to (i)), and finally, these Substrates are bonded 
together (()). First, the second extraction electrodes 104 and 
the fourth electrodes 106 are placed on the substrate 108a 
((a), (b)), and the semiconductor circuits 7 are placedon apart 
of the second extraction electrodes 104 (c). Then, an inter 
layer dielectric 109 is provided to cover the substrate 108a, 
the second extraction electrodes 104, the fourth extraction 
electrodes 106, and the semiconductor circuits 7. Further, the 
first extraction electrodes 103 and the third extraction elec 
trodes 105 are placed on the semiconductor circuits 7 (d)). 
0141. On the other hand, the vias 202 are formed in the 
protective substrate 108b ((e), (f)), and then, the first elec 
trodes 101 and the second electrodes 102 to be connected with 
the vias 202 are placed at the top of the protective substrate 
108b and connection electrodes 204 to be connected with the 
vias 202 are placed at the bottom of the protective substrate 
108b, respectively ((g)). Then, the insulating film 107 is pro 
vided to cover the first electrodes 101 placed at the top of the 
protective substrate 108b ((h)). Finally, an adhesive 206 is 
applied to the bottom of the protective substrate 108b ((i)). 
and the top of the substrate 108a and the bottom of the 
protective substrate 108b are aligned and bonded (()). FIG. 
15AC") is a longitudinal sectional view taken along a line 
crossing the vias 202 which are connected with the second 
electrodes 102, illustrating that the vias 202 which are con 
nected with the second electrodes 102 are connected with the 
connection electrodes 204, the third extraction electrodes 
105, the semiconductor circuits 7, and the fourth extraction 
electrodes 106. 

0142. In the method illustrated in FIGS. 16A and 16B, the 
tactile sense presenting device is made upward serially from 
a section of the substrate 108a at the bottom ((a) to (g)). First, 
the second extraction electrodes 104 and the fourth electrodes 
106 are placed on the substrate 108a ((a), (b)), and the semi 
conductor circuits 7 are placed on a part of the second extrac 
tion electrodes 104 (c). Then, the interlayer dielectric 109 is 
provided to cover the substrate 108a, the second extraction 
electrodes 104, the fourth extraction electrodes 106, and the 
semiconductor circuits 7. Further, the first extraction elec 
trodes 103 and the third extraction electrodes 105 are placed 
on the semiconductor circuits 7 ((d)). 
0143. Then, an insulating layer 108c is provided to cover 
the first extraction electrodes 103 and the third extraction 
electrodes 105 ((e)). At this time, holes for the vias 202 are 
properly made above the second extraction electrodes 104, 
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the semiconductor circuits 7, and the first extraction elec 
trodes 103. After the insulating layer 108c is provided, the 
vias 202 to be connected with the semiconductor circuits 7 
and the like are placed and the first electrodes 101 and the 
second electrodes 102 to be connected with the vias 202 are 
placed (f)). Finally, the insulating film 107 is provided to 
cover the first electrodes 101 ((g)). FIG. 16A(g) is a longitu 
dinal sectional view taken along a line crossing the Vias 202 
which are connected with the second electrodes 102, illus 
trating that the vias 202 which are connected with the second 
electrodes 102 are connected with the third extraction elec 
trodes 105, the semiconductor circuits 7, and the fourth 
extraction electrodes 106. 

0144 5.2. Manufacturing Method of the Tactile Sense Pre 
sentation Device Having the Electrostatic Tactile Sense Pre 
senting Electrodes and the Electric Current Tactile Sense 
Presenting Electrodes Arranged on Different Planes 
(0145 FIGS. 17A, 17B. 18A, and 18B illustrate an outline 
of a manufacturing method of the tactile sense presentation 
device having the electrostatic tactile sense presenting elec 
trodes and the electric current tactile sense presenting elec 
trodes arranged on different planes in which both of the 
electric current tactile sense presenting electrodes and the 
electrostatic tactile sense presenting electrodes function as 
dedicated electrodes (see the number (16) in the table shown 
in FIG. 8). FIGS. 17A and 18A illustrate longitudinal sec 
tional views taken along a line crossing Vias 202 which are 
connected with the first electrodes 101, whereas FIGS. 17B 
and 18B illustrate longitudinal sectional views taken along a 
line crossing vias 202 which are connected with the second 
electrodes 102 (though, FIG.17A(') illustrates alongitudinal 
sectional view taken along a line crossing the Vias 202 which 
are connected with the second electrodes 102, whereas FIG. 
18A(h') illustrates a longitudinal sectional view taken along a 
line crossing the vias 202 which are connected with the first 
electrodes 101). 
0146 In the method illustrated in FIGS. 17A and 17B, 

first, a section of the substrate 108a at the bottom is made ((a) 
to (d)), then, a section of a protective substrate 108b at the top 
is made ((e) to (i)), and finally, these Substrates are bonded 
together (()). First, the second extraction electrodes 104 and 
the fourth extraction electrodes 106 are placed on the sub 
strate 108a ((a), (b)), and the semiconductor circuits 7 are 
placed on a part of the second extraction electrodes 104 (c). 
Then, the interlayer dielectric 109 is provided to cover the 
substrate 108a, the second extraction electrodes 104, the 
fourth extraction electrodes 106, and the semiconductor cir 
cuits 7. Further, the first extraction electrodes 103 and the 
third extraction electrodes 105 are placed on the semiconduc 
tor circuits 7 (d)). 
0.147. On the other hand, the vias 202 are formed in the 
protective substrate 108b ((e), (f)), and then, the first elec 
trodes 101 to be connected with the vias 202 are placed at the 
top of the protective substrate 108b and connection electrodes 
204 to be connected with the vias 202 are placed at the bottom 
of the protective substrate 108b, respectively ((g)). Then, the 
insulating film 107 is provided to cover the first electrodes 
101 placed at the top of the protective substrate 108b ((h)). 
The second electrodes 102 to be connected with the vias 202 
are placed on the top of the insulating film 107 and adhesive 
206 is applied to the bottom of the protective substrate 108b 
((i)). Finally, the top of the substrate 108a and the bottom of 
the protective substrate 108b are aligned and bonded (()). 
FIG.17A(') is a longitudinal sectional view taken along a line 
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crossing the vias 202 which are connected with the second 
electrodes 102, illustrating that the vias 202 which are con 
nected with the second electrodes 102 are connected with the 
connection electrodes 204, the third extraction electrodes 
105, the semiconductor circuits 7, and the fourth extraction 
electrodes 106. 

0.148. In the method illustrated in FIGS. 18A and 18B, the 
tactile sense presenting electrode is made upward serially 
from a section of the substrate 108a at the bottom ((a) to (h)). 
First, the second extraction electrodes 104 and the fourth 
extraction electrodes 106 are placed on the substrate 108a 
((a), (b)), and the semiconductor circuits 7 are placedon apart 
of the second extraction electrodes 104 (c). Then, the inter 
layer dielectric 109 is provided to cover the substrate 108a, 
the second extraction electrodes 104, the fourth extraction 
electrodes 106, and the semiconductor circuits 7. Further, the 
first extraction electrodes 103 and the third extraction elec 
trodes 105 are placed on the semiconductor circuits 7 (d)). 
014.9 Then, an insulating layer 108c is provided to cover 
the first extraction electrodes 103 and the third extraction 
electrodes 105 ((e)). At this time, holes for the vias 202 are 
properly made above the second extraction electrodes 104, 
the semiconductor circuits 7, and the first extraction elec 
trodes 103. After the insulating layer 108c is provided, the 
vias 202 to be connected with the semiconductor circuits 7 
and the like are placed and the first electrodes 101 to be 
connected with the vias 202 are placed (f)). The insulating 
film 107 is provided to cover the first electrodes 101 and the 
insulating layer 108c ((g)). Finally, the second electrodes 102 
to be connected with the vias 202 are placed on the top of the 
insulating film 107 ((h)). FIG. 18A(h') is a longitudinal sec 
tional view taken along a line crossing the vias 202 which are 
connected with the second electrodes 102, illustrating that the 
vias 202 which are connected with the second electrodes 102 
are connected with the third extraction electrodes 105, the 
semiconductor circuits 7, and the fourth extraction electrodes 
106. 

0150 
0151 (1) A tactile sense presentation device in accordance 
with the first aspect of the invention comprises: 
0152 a plurality of first electrodes covered with an insu 
lating film and arranged on a same plane; 
0153 a plurality of second electrodes arranged on the 
plane with tops exposed to outside; and 
0154 a control unit performing a first operation in parallel 
with a second operation, wherein the first operation is for 
applying temporally changing first Voltages to a part of the 
plurality of first electrodes to generate electric fields which 
are changed by the part of the plurality of first electrodes, and 
the second operation is for applying temporally changing first 
electric currents to a part of the plurality of second electrodes 
to cause the electric currents to flow from the part of the 
plurality of second electrodes to second electrodes which are 
different from the part of the plurality of second electrodes via 
electric conductors. 

0155 Herein, the above control unit is the data processing 
unit 50 for controlling respective components which config 
ure the tactile sense presentation device and external devices 
by processing the input signals and data and outputting 
respective control signals and control data. The data process 
ing unit 50 controlling “the first operation” and “the second 
operation' etc. can be realized based on cooperatively work 
ing by a processor and programs on a memory. The data 

(Abstract of One Aspect according to the Invention) 
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processing unit 50 may be realized by a hard-wired device 
capable of providing functions according to the embodiment. 
0156 The electrostatic tactile sense presenting electrodes, 
providing an electrostatic force, are capable of presenting 
imitational feels of granularity and Smoothness. On the other 
hand, the electric current tactile sense presenting electrodes, 
providing electric current stimulation, are capable of present 
ing an imitational feel of roughness of steps. The tactile sense 
presentation device according to this aspect provided with a 
combination of a great number of these electrodes which are 
fine electrodes is capable of presenting elaborate tactile 
senses with mixed feels of granularity and roughness. 
0157 (2) A tactile sense presentation device in accordance 
with the second aspect of the invention may be the tactile 
sense presentation device in accordance with the first aspect 
of the invention wherein 
0158 the control unit performs a third operation and the 

first operation in a time sharing manner or a space sharing 
manner, and 
0159 the third operation is for applying temporally chang 
ing second Voltages to a part of the plurality of first electrodes 
to detect Voltages generated in at least another part of the rest 
of the part of the plurality of first electrodes under the second 
Voltage applied State and to detect positions of dielectrics 
which are in the vicinity of the tactile sense presentation 
device based on the detected voltages. 
0160. As a result, the tactile sense presentation device can 
provide electrodes which carry out both of an electrostatic 
tactile sense presenting function and a touch sensor function. 
Thereby the whole configuration of the tactile sense presen 
tation device can be downsized and simplified. 
0.161 (3) A tactile sense presentation device in accordance 
with the third aspect of the invention may be the tactile sense 
presentation device in accordance with the first aspect of the 
invention wherein 
0162 the control unit performs a fourth operation and the 
second operation in a time sharing manner or a space sharing 
manner, and 
0163 the fourth operation is for applying temporally 
changing third Voltages to a part of the plurality of second 
electrodes to detect Voltages generated in at least another part 
of the rest of the part of the plurality of second electrodes 
under the third Voltage applied State and to detect positions of 
dielectrics which are in the vicinity of the tactile sense pre 
sentation device based on the detected Voltages. 
0164. As a result, the tactile sense presentation device can 
provide electrodes which carry out both of an electric current 
tactile sense presenting function and a touch sensor function. 
Thereby the whole configuration of the tactile sense presen 
tation device can be downsized and simplified. 
0.165 (4) A tactile sense presentation device in accordance 
with the fourth aspect of the invention may be the tactile sense 
presentation device in accordance with any one of the first to 
third aspects of the invention which comprises: 
(0166 a substrate which is an insulator; 
0.167 the plurality of first electrodes covered with an insu 
lating film and arranged on a same plane which is parallel 
with a main surface of the substrate; 
0168 the plurality of second electrodes arranged on the 
plane with tops exposed to outside; 
0169 a plurality of first extraction electrodes electrically 
connecting the plurality of first electrodes with the control 
unit and arranged on a plane which is parallel with the main 
surface of the substrate; and 
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0170 a plurality of second extraction electrodes electri 
cally connecting the plurality of second electrodes with the 
control unit and arranged on the plane which is parallel with 
the main surface of the substrate. 
0171 As a result, the tactile sense presentation device can 
provide electrodes which carry out all of an electrostatic 
tactile sense presenting function, an electric current tactile 
sense presenting function and a touch sensor function. 
Thereby the whole configuration of the tactile sense presen 
tation device can be downsized and simplified. 
0172 (5) A tactile sense presentation device in accordance 
with the fifth aspect of the invention may be the tactile sense 
presentation device in accordance with the fourth aspect of 
the invention characterized in that the substrate, 
(0173 the plurality of first electrodes, 
0.174 the plurality of second electrodes, 
0175 the insulating film, 
0176 the plurality of first extraction electrodes, and 
0177 the plurality of second extraction electrodes 
0.178 are made of a transparent material. 
0179. As a result, the tactile sense presentation device can 
provide electrodes which carry out all of an electrostatic 
tactile sense presenting function, an electric current tactile 
sense presenting function and a touch sensor function. 
Thereby the whole configuration of the tactile sense presen 
tation device can be downsized and simplified. 
0180 (6) A tactile sense presentation device in accordance 
with the sixth aspect of the invention may be the tactile sense 
presentation device in accordance with the fifth aspect of the 
invention characterized by presenting a tactile sense corre 
sponding to an image as Superimposed on the image. 
0181 (7) A tactile sense presentation method in accor 
dance with the seventh aspect of the invention comprises: 
0182 arranging a plurality of first electrodes covered with 
an insulating film on a same plane; 
0183 arranging a plurality of second electrodes on the 
plane with tops exposed to outside; and 
0184 performing a first operation in parallel with a second 
operation, wherein the first operation if for applying tempo 
rally changing first Voltages to a part of the plurality of first 
electrodes to generate electric fields which are changed by the 
part of the plurality of first electrodes, and the second opera 
tion is for applying temporally changing first electric currents 
to a part of the plurality of second electrodes to cause the 
electric currents to flow from the part of the plurality of 
second electrodes to second electrodes which are different 
from the part of the plurality of second electrodes via electric 
conductors. 
0185. The electrostatic tactile sense presenting electrodes, 
providing an electrostatic force, are capable of presenting 
imitational feels of granularity and Smoothness. On the other 
hand, the electric current tactile sense presenting electrodes, 
providing electric current stimulation, are capable of present 
ing imitational feel of roughness of steps. The tactile sense 
presentation method according to this aspect using a combi 
nation of a great number of these electrodes which are fine 
electrodes is capable of presenting elaborate tactile senses 
with mixed feels of granularity and roughness. 
0186 (8) A tactile sense presentation method in accor 
dance with the eighth aspect of the invention may be the 
tactile sense presentation method in accordance with the sev 
enth aspect of the invention, further comprising 
0187 performing a third operation and the first operation 
in a time sharing manner or a space sharing manner, wherein 
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the third operation is for applying temporally changing sec 
ond voltages to a part of the plurality of first electrodes to 
detect Voltages generated in at least another part of the rest of 
the part of the plurality of first electrodes under the second 
Voltage applied State and to detect positions of dielectrics 
which are in the vicinity of a tactile sense presentation device 
based on the detected Voltages. 
0188 As a result, the tactile sense presentation method can 
provide electrodes which carry out both of an electrostatic 
tactile sense presenting function and a touch sensor function. 
Thereby the whole configuration of the device performing the 
tactile sense presentation method can be downsized and sim 
plified. 
0189 (9) A tactile sense presentation method in accor 
dance with the ninth aspect of the invention may be the tactile 
sense presentation method in accordance with the eighth 
aspect of the invention, further comprising 
0.190 performing a fourth operation and the second opera 
tion in a time sharing manner or a space sharing manner, 
wherein the fourth operation is for applying temporally 
changing third Voltages to a part of the plurality of second 
electrodes to detect Voltages generated in at least another part 
of the rest of the part of the plurality of second electrodes 
under the third Voltage applied State and to detect positions of 
dielectrics which are in the vicinity of the tactile sense pre 
sentation device based on the detected Voltages. 
0191 As a result, the tactile sense presentation method can 
provide electrodes which carry out both of an electric current 
tactile sense presenting function and a touch sensor function. 
Thereby the whole configuration of the device performing the 
tactile sense presentation method can be downsized and sim 
plified. 

INDUSTRIAL APPLICABILITY 

0.192 The tactile sense presentation device with a touch 
panel function according to the present disclosure can be 
applied to personal digital assistants such as Smartphones and 
Smartpads, operation panels for automobiles and home appli 
ances, and guide plates for the visually impaired and the like. 

DESCRIPTION OF REFERENCE CHARACTERS 

0193 2 tactile sense presentation device with touch panel 
function 

0194 4 electrostatic tactile sense presenting electrode 
0.195 6 electric current tactile sense presenting electrode 
0196. 7 semiconductor circuit 
(0197) 21 Y-direction select line (touch drive) 
0198 22Y-direction select line (tactile sense-positive) 
(0199 23 Y-direction select line (touch sense) 
0200 24Y-direction select line (tactile sense-negative) 
0201 31 drive line (touch drive) 
0202 32X-direction select line (touch drive) 
0203 33 drive line (tactile sense-positive) 
0204 34 X-direction select line (tactile sense-positive) 
(0205 35 drive line (touch sense) 
0206 36 X-direction select line (touch sense) 
0207 37 drive line (tactile sense-negative) 
0208 38 X-direction select line (tactile sense-negative) 
0209 50 data processing unit 
0210 52 electrostatic tactile sense driver unit 
0211 54 electric current tactile sense driver unit 
0212 56 external image display unit 
0213 58 external contact sensing unit 
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0214) 60 electrostatic contact sensing unit 
0215 101 first electrode 
0216 102 second electrode 
0217 103 first extraction electrode 
0218 104 second extraction electrode 
0219 105 third extraction electrode 
0220 106 fourth extraction electrode 
0221 107 insulating film 
0222 108a substrate 
0223 108b protective substrate 
0224 108c insulating layer 
0225. 109 interlayer dielectric 
0226 110 dielectric 
0227 111 positive electrostatic interaction electrode 
0228. 112 negative electrostatic interaction electrode 
0229) 113 voltage source 
0230. 114 electric conductor 
0231 115 positive electric current interaction electrode 
0232) 116 negative electric current interaction electrode 
0233. 117 current source 
0234 202 via 
0235 204 connection electrode 
0236 206 adhesive 
1-9. (canceled) 
10. A tactile sense presentation device, comprising: 
a plurality of first electrodes covered with an insulating 

film and arranged on a same plane; 
a plurality of second electrodes arranged on the plane with 

tops exposed to outside; and 
a control unit performing a first operation in parallel with a 

second operation and performing a third operation, 
wherein the first operation is for applying temporally 
changing first Voltages to a part of the plurality of first 
electrodes to generate electric fields which are changed 
by the part of the plurality of first electrodes, and the 
second operation is for applying temporally changing 
first electric currents to a part of the plurality of second 
electrodes to cause the electric currents to flow from the 
part of the plurality of second electrodes to second elec 
trodes which are different from the part of the plurality 
of second electrodes via electric conductors, and 
wherein the third operation is for applying temporally 
changing second Voltages to apart of the plurality of first 
electrodes to detect Voltages generated in at least another 
part of the rest of the part of the plurality of first elec 
trodes under the second Voltage applied State and to 
detect positions of dielectrics which are in the vicinity of 
the tactile sense presentation device based on the 
detected Voltages. 

11. The tactile sense presentation device according to 
claim 10, wherein 

the control unit performs the third operation and the first 
operation in a time sharing manner or a space sharing 
a. 

12. The tactile sense presentation device according to 
claim 10, wherein 

the control unit performs a fourth operation and the second 
operation in a time sharing manner or a space sharing 
manner, and 

the fourth operation is for applying temporally changing 
third voltages to a part of the plurality of second elec 
trodes to detect Voltages generated in at least another 
part of the rest of the part of the plurality of second 
electrodes under the third voltage applied state and to 
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detect positions of dielectrics which are in the vicinity of 
the tactile sense presentation device based on the 
detected Voltages. 

13. The tactile sense presentation device according to 
claim 12, comprising: 

a Substrate which is an insulator, 
the plurality of first electrodes covered with an insulating 

film and arranged on a same plane which is parallel with 
a main Surface of the Substrate; 

the plurality of second electrodes arranged on the plane 
with tops exposed to outside; 

a plurality of first extraction electrodes electrically con 
necting the plurality of first electrodes with the control 
unit and arranged on a plane which is parallel with the 
main Surface of the Substrate; and 

a plurality of second extraction electrodes electrically con 
necting the plurality of second electrodes with the con 
trol unit and arranged on the plane which is parallel with 
the main surface of the substrate. 

14. The tactile sense presentation device according to 
claim 13, characterized in that 

the substrate, 
the plurality of first electrodes, 
the plurality of second electrodes, 
the insulating film, 
the plurality of first extraction electrodes, and 
the plurality of second extraction electrodes 
are made of a transparent material. 
15. The tactile sense presentation device according to 

claim 14, characterized by presenting a tactile sense corre 
sponding to an image as Superimposed on the image. 

16. A tactile sense presentation method, comprising: 
arranging a plurality of first electrodes covered with an 

insulating film on a same plane; 
arranging a plurality of second electrodes on the plane with 

tops exposed to outside; 
performing a first operation in parallel with a second opera 

tion, wherein the first operation if for applying tempo 
rally changing first Voltages to a part of the plurality of 
first electrodes to generate electric fields which are 
changed by the part of the plurality of first electrodes, 
and the second operation is for applying temporally 
changing first electric currents to a part of the plurality of 
second electrodes to cause the electric currents to flow 
from the part of the plurality of second electrodes to 
second electrodes which are different from the part of 
the plurality of second electrodes via electric conduc 
tors; and 

performing a third operation, wherein the third operation is 
for applying temporally changing second Voltages to a 
part of the plurality of first electrodes to detect voltages 
generated in at least another part of the rest of the part of 
the plurality of first electrodes under the second voltage 
applied state and to detect positions of dielectrics which 
are in the vicinity of a tactile sense presentation device 
based on the detected Voltages. 

17. The tactile sense presentation method according to 
claim 16, further comprising 

performing the third operation and the first operation in a 
time sharing manner or a space sharing manner. 

18. The tactile sense presentation method according to 
claim 16, further comprising 

performing a fourth operation and the second operation in 
a time sharing manner or a space sharing manner, 
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wherein the fourth operation is for applying temporally 
changing third Voltages to a part of the plurality of Sec 
ond electrodes to detect Voltages generated in at least 
another part of the rest of the part of the plurality of 
second electrodes under the third Voltage applied State 
and to detect positions of dielectrics which are in the 
vicinity of the tactile sense presentation device based on 
the detected Voltages. 

k k k k k 


