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(57) ABSTRACT 

Provided are a touch panel and a display apparatus having the 
touch panel. The touch panel includes a Substrate, and a 
plurality of optical devices arranged on the Substrate, in 
which a distance between two adjacent optical devices of the 
plurality of optical devices may gradually decrease toward a 
corner of the substrate. 
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TOUCH PANEL AND DISPLAY APPARATUS 
HAVING THE SAME 

0001. The present application claims priority to Korean 
Application No. 10-2010-0127630 filed in Korea on Dec. 14, 
2010, the entire contents of which are hereby incorporated by 
reference in their entirety. 

BACKGROUND 

0002 1. Field 
0003. This document relates to a touch panel and a display 
apparatus having the same. 
0004 2. Discussion of the Related Art 
0005. In general, a touch panel is an input device that is 
attached to the surface of a display panel. When a user touches 
an icon or a selection button displayed on a screen of the 
display panel with his or her finger or a pen, a predetermined 
command corresponding to the user's touch is executed. 
0006 Since touch panels are simpler to operate than other 
input devices, they have been widely used in electronic auto 
matic guidance systems. 

SUMMARY 

0007 Accordingly, one object of the present invention is 
to address the above-noted and other drawbacks of the related 
art. 

0008 Another object of the present invention is to provide 
a touch panel using a light emitting device and a light receiv 
ing device and a display apparatus having the same. 
0009. To accomplish the objects of the present invention, 
according to an aspect of the present invention, there is pro 
vided a touch panel including: a Substrate; and a plurality of 
optical devices arranged on the Substrate, wherein a distance 
between two adjacent optical devices of the plurality of opti 
cal devices gradually decreases toward a corner of the Sub 
Strate. 

0010. The optical devices may include one or more light 
emitting devices for emitting light and one or more light 
receiving devices for receiving the light emitted by the light 
emitting devices. 
0011. A distance between two adjacent light receiving 
devices of the light receiving devices may gradually decrease 
toward the corner of the substrate. 
0012. A distance between two adjacent light emitting 
devices of the light emitting devices may gradually decrease 
toward the corner of the substrate. 
0013. A distance between a light emitting device and a 
light receiving device, adjacent to each other, among the light 
emitting devices and the light receiving devices may gradu 
ally decrease toward the corner of the substrate. 
0014. The number of the light receiving devices may be 
greater than that of the light emitting devices. 
0015. At least one of the optical devices may be arranged 
at the corner of the substrate. 
0016 To accomplish the objects of the present invention, 
according to another aspect of the present invention, there is 
provided a touch panel including: a Substrate; and optical 
devices arranged on the Substrate, wherein the optical devices 
comprise a light emitting device for emitting light and a light 
receiving device for receiving the light emitted by the light 
emitting device, and a direction to which a light emitting 
Surface of at least one of the light emitting devices, arranged 
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next to each other, directs is different from a direction to 
which a light emitting Surface of at least one of other light 
emitting devices. 
0017. The optical devices may include first, second, and 
third light emitting devices, the first light emitting device may 
be arranged closer to a center of the Substrate than the second 
light emitting device, and the second light emitting device 
may be arranged closer to the center of the substrate than the 
first light emitting device, and an angle between a direction to 
which the light emitting Surface of the first light emitting 
device directs and a direction to which the light emitting 
surface of the third light emitting device directs may be 
greater than an angle between the direction to which the light 
emitting Surface of the first light emitting device directs and a 
direction to which the light emitting surface of the second 
light emitting device directs. 
0018. A distance between two adjacent optical devices 
among the optical devices may gradually decrease toward a 
corner of the substrate. 

0019. To accomplish the objects of the present invention, 
according to another aspect of the present invention, there is 
provided a display apparatus including: a display panel; and a 
plurality of optical devices arranged around an edge of the 
display panel, wherein a distance between two adjacent opti 
cal devices of the plurality of optical devices gradually 
decreases toward a corner of the display panel. 
0020. To accomplish the objects of the present invention, 
according to another aspect of the present invention, there is 
provided a display apparatus including: a display panel com 
prising an active area on which an image is displayed and a 
dummy area arranged outside the active area; and a plurality 
of optical devices arranged in the dummy area of the display 
panel, wherein at least one of the plurality of optical devices 
does not overlap the active area in a direction parallel to a 
short side of the active area and a direction parallel to a long 
side of the active area. 

0021. A distance between two adjacent optical devices of 
the plurality of optical devices may gradually decrease 
toward a corner of the display panel. 
0022. The optical device not overlapping the active area in 
the direction parallel to the short side of the active area and the 
direction parallel to the long side of the active area may be 
arranged at a corner of the dummy area. 
0023 To accomplish the objects of the present invention, 
according to another aspect of the present invention, there is 
provided a display apparatus including: a display panel com 
prising an active area on which an image is displayed and a 
dummy area arranged outside the active area; and a plurality 
of optical devices arranged in the dummy area of the display 
panel, wherein the plurality of optical devices comprise light 
emitting devices for emitting light and light receiving devices 
for receiving the light emitted by the light emitting devices, 
and a direction to which a light emitting Surface of at least one 
of the light emitting devices, arranged next each other, directs 
is different from a direction to which a light emitting surface 
of at least one of other light emitting devices. 
0024. To accomplish the objects of the present invention, 
according to another aspect of the present invention, there is 
provided a display apparatus including: a display panel com 
prising an active area on which an image is displayed and a 
dummy area arranged outside the active area; and a plurality 
of optical devices arranged in the dummy area of the display 
panel, wherein a distance between an end of the dummy area 
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and the optical devices is smaller than a distance between the 
optical devices and the active area. 
0025. The number of the optical devices per unit distance 
in a first part adjacent to a corner of the dummy area may be 
greater than the number of the optical devices per unit dis 
tance in a second part located farther from the corner than the 
first part. 
0026. The optical devices may include at least one light 
emitting device for emitting light and at least one light receiv 
ing device for receiving the light emitted by the at least one 
light emitting device. 
0027. The number of the light receiving devices may be 
greater than that of the light emitting devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, illus 
trate embodiment(s) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings: 
0029 FIGS. 1 and 2 are diagrams illustrating the configu 
ration of a touch panel according to an embodiment of the 
present invention; 
0030 FIGS. 3 through 15, 16A, 16B, and 17 are diagrams 
illustrating the touch panel according to the embodiment of 
FIGS. 1 and 2 in detail; 
0031 FIGS. 18 through 30 are diagrams illustrating a 
touch panel according to another embodiment of the present 
invention in detail; 
0032 FIGS.31A and 31B, and 32 through37 are diagrams 
illustrating a display apparatus having a touch panel accord 
ing to another embodiment of the present invention; 
0033 FIGS. 38, 39A and 39B, and 40 through 42 are 
diagrams illustrating a method of driving a touch panel 
according to another embodiment of the present invention in 
detail; 
0034 FIGS. 43 through 46 are diagrams illustrating func 
tional blocks of the display apparatus having the touch panel 
according to the embodiment of the present invention; and 
0035 FIGS. 47 through 68 are diagrams illustrating a 
method of driving a touch panel according to another exem 
plary embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0036 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 
0037 Hereinafter, exemplary embodiments of the present 
invention will now be described in more detail with reference 
to the accompanying drawings. However, the description pro 
posed herein is just a preferable example for the purpose of 
illustrations only, not intended to limit the scope of the inven 
tion, so it should be understood that other equivalents and 
modifications could be made thereto without departing from 
the spirit and scope of the invention. 
0038. Though terms like a first and a second are used to 
describe various components in various embodiments of the 
present invention, the components are not limited to these 
terms. These terms are used only to differentiate one compo 
nent from another one. Therefore, a component referred to as 
a first component in an embodiment can be referred to as a 
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second component in another embodiment. In the same man 
ner, a component referred to as a second component in an 
embodiment can be referred to as a first component in another 
embodiment. 

0039. As used herein, the term “and/or includes any and 
all combinations of one or more of the associated listed items. 

0040. It will be understood that when an element is 
referred to as being “connected to’ or “coupled to another 
element, it can be connected or coupled to the other element 
or intervening elements may be present. In contrast, when an 
element is referred to as being “directly connected to’ or 
“directly coupled to another element, there are no interven 
ing elements present. 
0041. In the following description, the technical terms are 
used only for explaining a specific exemplary embodiment 
while not limiting the present invention. The terms of a sin 
gular form may include plural forms unless referred to the 
contrary. 
0042. The meaning of “include “comprise.” “including.” 
or “comprising.” Specifies a property, a region, a fixed num 
ber, a step, a process, an element and/or a component but does 
not exclude other properties, regions, fixed numbers, steps, 
processes, elements and/or components. 
0043. In addition, when terms used in this specification are 
not specifically defined, all the terms used in this specification 
including technical and scientific terms can be understood by 
those skilled in the art. Further, when general terms defined in 
the dictionaries are not specifically defined, the terms will 
have the normal meaning in the art. As long as clearly defined 
in this application, terms will not be construed as excessively 
formal meanings. 
0044 Rather, these embodiments are provided so that this 
disclosure will be thorough and complete and will fully con 
vey the concept of the invention to those skilled in the art. In 
the drawings, the shapes and dimensions may be exaggerated 
for clarity. 
0045 FIGS. 1 and 2 are diagrams illustrating the configu 
ration of a touch panel according to an embodiment of the 
present invention. 
0046 Referring to FIG. 1, a touch panel according to this 
embodiment includes a substrate 100 and optical devices that 
are arranged on the substrate 100. Here, the optical devices 
may include light emitting devices 120 and light receiving 
devices 130. 

0047. The substrate 100 needs to be formed of a substan 
tially transparent material in order to obtain light transmit 
tance and have enough strength to Support the light emitting 
device 120 and the light receiving devices 130. Therefore, the 
substrate 100 may be a film substrate or a glass substrate. 
Alternatively, the substrate 100 may be a plastic substrate. 
0048 FIG. 1 shows the case in which the light emitting 
devices 120 and the light receiving devices 130 are arranged 
on the substrate 100. However, the substrate 100 may be 
removed, and the light emitting devices 120 and the light 
receiving devices 130 may be arranged on a display panel (not 
shown). In this case, the display panel replaces the Substrate 
100. This will be described in detail below. 
0049. A protection layer 110 may further be arranged on 
the substrate 100. The protection layer 110 may prevent dam 
age to the substrate 100 caused by external pressure exerted 
thereon. To this end, the protection layer 110 may be formed 
of glass or resin. 
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0050. The protection layer 110 may be arranged on the 
substrate 100 in such a manner that laminates a film type 
protection film onto the surface of the substrate 100. 
0051. The light emitting devices 120 and the light receiv 
ing devices 130 may be arranged around the edge of the 
Substrate 100. 
0052. The light emitting devices 120 may emit a predeter 
mined beam such as an infrared beam, a visible Light beam, 
a micro-wave beam, an acoustic-wave beam, and a vibration 
wave beam. Here, a device that emits at least one of the 
above-mentioned beams is referred to as the light emitting 
device 120. 
0053. The light receiving devices 130 may receive light 
emitted by the light emitting devices 120. 
0054 Though not shown, the touch panel according to this 
embodiment may include a controller that computes the posi 
tion of a point selected by a user and a cable (not shown) that 
connects the controller to either the light emitting devices 120 
or the light receiving devices 130. 
0055. The operation of the touch panel according to this 
embodiment which has been described so far will be 
described in association with FIG. 2. 
0056. When an input unit 140, for example, a pen or a 
finger, is located in a certain point on the Surface of the 
substrate 100, the input unit 140 blocks the beam emitted 
from the light emitting devices 120 at the corresponding 
point. 
0057 Then, the beam emitted from the light emitting 
devices 120 may not reach the light receiving devices 130. 
Here, the controller (not shown) checks the light receiving 
devices 130 that is arranged at a location corresponding to 
where the beam has been blocked, thereby calculating the 
position at which the input unit 140 is located, that is, the 
position at which the substrate 100 is touched. 
0058. A protection cover 150 may cover the outside of the 
light emitting devices 120 and the light receiving devices 130. 
The protection cover 150 can prevent an erroneous operation 
of the light receiving devices 130 by blocking light externally 
incident thereon. 
0059 FIGS. 3 through 17 are diagrams illustrating the 
touch panel according to the embodiment of the present 
invention. Hereinafter, the light receiving devices 130 are 
shown as circles. In addition, for understanding, the light 
emitting devices 120 and the light receiving devices 130 are 
shown to be arranged around the edge of the substrate 100. 
The light emitting devices 120 and the light receiving devices 
130 may overlap with the substrate 100. In FIG.3, reference 
numerals 300, 310, 320, and 330 are partial areas of the 
Substrate 100. 
0060. In FIG. 3, the light receiving devices 130 and the 
light emitting devices 120 may alternate with each other. That 
is, the light receiving devices 130 and the light emitting 
devices 120 may be alternately arranged. 
0061. As shown in FIG. 3, a first area 300, a second area 
310 facing the first area 300, and a third area 320 and a fourth 
area 330 between the first area 300 and the second area 310 of 
the substrate 100 each may have the light receiving devices 
130 and the light emitting devices 120 that alternate each 
other. 
0062. The number of light receiving devices 130 may be 
greater than that of light emitting devices 120. 
0063. To this end, as shown in FIG. 3, the light receiving 
devices 130 may be arranged at both ends of each of the first, 
second, third, and fourth areas 300, 310,320, and 330 of the 
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substrate 100. As such, when the light receiving devices 130 
may be arranged at both ends of each of the first, second, third, 
and fourth areas 300, 310,320, and 330 of the substrate 100, 
if the corner of the substrate 100 is touched, a position corre 
sponding to the touch point can be detected more accurately 
to thereby enhance the accuracy of the touch panel. 
0064. As described above, when the light receiving 
devices 130 are provided at both ends of the first, second, 
third, and fourth areas 300, 310,320, and 330 of the substrate 
100, the light receiving devices 130 may be arranged next to 
each other between two neighboring areas. For example, as 
shown as B, two light receiving devices 130 are arranged next 
to each other between the first area 300 and the third area 320 
of the substrate 100; as shown as C, two light receiving 
devices 130 are arranged next to each other between the first 
area 300 and the fourth area 330 of the substrate 100; as 
shown as A, two light receiving devices 130 are arranged next 
to each other between the second area 310 and the third area 
320 of the substrate 100; and as shown as D, two light receiv 
ing devices 130 are arranged next to each other between the 
Second area 310 and the fourth area 330 of the Substrate 100. 

0065. Alternatively, in order that the number of light 
receiving devices 130 can be greater than that of light emitting 
devices 120, a plurality of light receiving devices 130 may be 
arranged between two light emitting devices 120. In this case, 
at least two light receiving devices 130 may be arranged next 
to each other. 

0066. In addition, though not shown, under the condition 
that the number of light receiving devices 130 is greater than 
that of light emitting devices 120, at least two light emitting 
devices 120 may be arranged next to each other. 
0067. When the touchpanel according to this embodiment 

is drive, the plurality of light emitting devices 120 may be 
turned on in a sequential manner. Here, when the light emit 
ting devices 120 are turned on, the light emitting devices 120 
emit predetermined beams. In addition, when the light receiv 
ing devices 130 are turned on, it may mean that the light 
receiving devices 130 are activated. A touch position is 
detected according to whether the light receiving devices 130, 
which have been activated, receive light or not. In addition, 
when the light receiving devices 130 are turned off, the light 
receiving devices 130 may not beactivated. Whether the light 
receiving devices 130, being turned off, receive light or not 
may not be taken into account at all in terms of detecting a 
touch position. 
0068 For example, as shown in FIG. 5, when an input unit 
is located in a specific position P. light that is emitted when a 
first light emitting device 121 among the plurality of light 
emitting devices 120 is turned on may be blocked at the 
specific position P. Correspondingly, a first light receiving 
device 131 among the plurality of light receiving devices 130 
cannot receive the light having been emitted from the first 
light emitting device 121. Hereinafter, for better understand 
ing, a case in which the light emitting devices 120 and the 
light receiving devices 130 are arranged in different regions 
of the substrate 100 will be exemplified. 
0069. In addition, when a second light emitting device 122 
among the plurality of light emitting devices 120 is turned on, 
light that is emitted from the second light emitting device 122 
may be blocked at the specific position P. Correspondingly, a 
second light receiving device 132 among the plurality of light 
receiving devices 130 cannot receive the light having been 
emitted from the second light emitting device 122. 
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0070 Here, on the basis of data about the positions of the 
first light emitting device 121 and the first light receiving 
device 131 and the positions of the second light emitting 
device 122 and the second light receiving device 132, a coor 
dinate of the specific position P at which the input unit is 
located can be acquired. 
0071. A case in which the number of light emitting devices 
120 is greater than or equal to that of light receiving devices 
130 will now be described with reference to FIG. 6. 

0072. As shown in FIG. 6, when a random light emitting 
device 120 emits a beam, a second light receiving device A2 
among the plurality of light receiving devices 130 being acti 
vated may not receive the beam having been emitted from the 
light emitting devices 120. A first light receiving device A1 
and a third light receiving device A3 that are adjunct to the 
second light receiving device A2 may receive the beam emit 
ted from the light emitting device 120. 
0073. In this case, it can be assumed that a specific position 
Pat which an input unit is located, that is, a touch point is 
present between the first light receiving device A1 and the 
third light receiving device A3 that are spaced apart from each 
other by a distance D1. 
0.074. On the other hand, as shown in FIG. 7, in a case in 
which the number of light receiving devices 130 is greater 
than that of light emitting devices 120, when an arbitrary light 
emitting device 120 emits a beam, a twentieth light receiving 
device A20 among the plurality of light receiving devices 130 
being activated may not receive the beam having been emitted 
from the light emitting device 120, and a tenth light receiving 
device A10 and a thirtieth light receiving device A30 that are 
adjacent to the twentieth light receiving device A20 may 
receive the beam having been emitted from the light emitting 
device 120. 

0075. In this case, it can be assumed that a specific position 
Pat which an input unit is located, that is, a touch point is 
located between the tenth light receiving device A10 and the 
thirtieth light receiving device A30 that are spaced apart from 
each other by a distance D2 smaller than the distance D1. That 
is, location estimation accuracy is higher in the case as shown 
in FIG. 7 than in the case as shown in FIG. 6. 

0076. In order to increase the location detection accuracy 
ofa touch point, both of the number of light receiving devices 
130 and the number of light emitting devices 120 may be 
increased at the same time. 

0077. However, a larger number of light emitting devices 
120 may increase manufacturing costs. In addition, since the 
plurality of light emitting devices 120 need to be turned on in 
a sequential manner when the touch panel is driven, the 
increase in the number of light emitting devices 120 increases 
a time taken to calculate a touch position, and thus, response 
time of the touch panel may be reduced. 
0078. In addition, when the fact that one light emitting 
device 120 emits a beam at a predetermined angle is taken into 
account, the enhancement of detection accuracy in terms of a 
touch position may be insignificant despite the increase in the 
number of light emitting device. 
007.9 Therefore, in order to reduce manufacturing costs, 
increase response time, and enhance detection accuracy for a 
touchposition, the number of light receiving devices 130 may 
be greater than that of light emitting devices 120. 
0080. In order to increase the number of light receiving 
devices 130 to be greater than that of light emitting devices 
120, as shown in FIG. 8, the light receiving devices 130 may 
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be arranged at regular intervals, and each one of the light 
emitting devices 120 may be located between two light 
receiving devices 130. 
I0081. In this case, a distance L1 between two light receiv 
ing devices 130 that are arranged adjacent to each other may 
be greater thana distance L2 between a random light emitting 
device 120 and each of the light receiving devices 130. 
I0082 In addition, the distance L1 between the two light 
receiving devices 130 arranged adjacent to each other may be 
smaller than a distance L3 between two light emitting devices 
120 that are arranged adjacent to each other. 
I0083. Moreover, two arbitrary light emitting devices 120 
may directly face each other. For example, as shown in FIG. 
8, a first light emitting device B1 that is arranged in the first 
area 300 of the substrate 100 and a second light emitting 
device B2 that is arranged in the second area 310 facing the 
first area 300 of the substrate 100 may overlap in a direction 
perpendicular to a direction of the first area 300 and the 
second area 310. 
I0084. Alternatively, two arbitrary light emitting devices 
120 may not face each other. For example, an extension line 
E1 extended from at least one light emitting device 120 
among the plurality of light emitting devices 120 may reach a 
point between two light receiving devices 130 adjacent to 
each other where no light emitting device is located as shown 
in FIG. 9. 

I0085. In the touch panel according to this embodiment, 
since the plurality of light receiving devices 130 may receive 
a beam emitted by one light emitting device 120, as shown in 
FIGS. 8 and 9, the light emitting devices 120 and the light 
receiving devices 130 do not need to be aligned. 
I0086 A reason for which each one of the light emitting 
devices 120 is located between two arbitrary light receiving 
devices 130 will now be described with reference to FIGS. 10 
and 11. 

I0087 FIG. 10 illustrates an example in which the light 
emitting devices 120 are arranged next to each other in an 
arbitrary region of the substrate 100, while the light receiving 
devices 130 are arranged next to each other in another region 
thereof. 

I0088. In this example, the light receiving devices 130, 
arranged in another region of the substrate 100, receive beams 
that are emitted from the light emitting devices 120 in the 
region of the substrate 100. It may be difficult to determine 
whether areas (DZ) between the light receiving devices 130 
have been touched or not. As such, those areas difficult to 
determine whether they have been touched or not may be 
referred to as dead Zones DZ. 

0089. On the other hand, as shown in FIG. 11, when each 
one of the light emitting devices 120 is arranged between two 
arbitrary light receiving devices 130, the size of the dead 
Zones DZ can be reduced. As a result, it is possible to enhance 
the accuracy of the touch panel. 
0090. In the touch panel according to this embodiment, it 
is possible to control a beam radiation angle of the light 
emitting device 120. 
0091 For example, as shown in FIG. 12, it is assumed that 
the first light emitting device 121 can substantially emit a 
beam at an angle of 02. 
0092. In this case, the beam, emitted by the first light 
emitting device 121, may proceed to areas S1, S2, and S3. 
Correspondingly, light receiving devices 130, which range 
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from a to and are arranged in one area of the substrate 100, 
can receive the beam emitted by the first light emitting device 
121. 

0093. Here, when the light receiving devices 130, indi 
cated by c. (hereinafter, referred to as the “c light receiving 
device 130') is compared with the light receiving device 130, 
indicated byj, (hereinafter, referred to as the light receiving 
device 130') a distance between the light receiving device 
130 and the first light emitting device 121 is greater than a 
distance between the clight receiving device 130 and the first 
light emitting device 121. The sensitivity of the light receiv 
ing device 130 with respect to the beam emitted by the first 
light emitting device 121 may be lower than that of the clight 
receiving device 130. Therefore, even when a touch is not 
made in the area S3, the light receiving device 130 is more 
unlikely to receive the beam, emitted by the first light emitting 
device 121, than the c light receiving device 130. Therefore, 
even when the area S3 is not touched, it is recognized that a 
touch has been made in the area S3, and thus an erroneous 
operation of the touch panel may be caused. 
0094. On the other hand, in the touch panel according to 

this embodiment, the light receiving devices 130, ranging 
from a to j, fall within a range in which they may receive the 
light emitted by the first light emitting device 121. However, 
the light receiving devices 130, which ranges from f to and 
have lower sensitivity to the beam, emitted by the first light 
emitting device 121, than the light receiving devices 130 
ranging from a to e, may be turned off. That is, when the first 
light emitting device 121 is turned on, the light receiving 
devices 130, ranging from a to e, are activated, while the light 
receiving devices 130, ranging from ftoj, are not activated. In 
other words, the radiation angle of the first light emitting 
device 121 may be control to have an angle 01 that is smaller 
than the angle 02. 
0095 Alternatively, some of the light receiving devices 
130 among the plurality of light receiving devices 130, which 
are located within the range in which an arbitrary light emit 
ting device 120 emits light, may be turned on, and others may 
be turned off. 

0096. For example, as shown in FIG. 2, the first light 
emitting device 121 may emit light at a radiation angle of 02. 
In this case, the light receiving devices 130, ranging from a to 
j, may be located within the range in which the first light 
emitting device 121 emits light. 
0097 Here, the light receiving devices 130 ranging from a 
to e among the light receiving devices 130, which range from 
a to and are located within the range in which the first light 
emitting device 121 emits light, are turned on, and the light 
receiving devices 130, ranging from ftoj, may be turned off. 
0098. In other words, at least one light receiving device 
130, which is located within the range in which the arbitrary 
light emitting device 120, located in a first area of the sub 
strate, emits light, may be turned on. Here, the light receiving 
devices 130 corresponding to the arbitrary light emitting 
device 120, located in the first area of the substrate, may be 
located in a second area facing the first area of the Substrate. 
0099. In addition, a distance between the first light emit 
ting device 121, arranged in the first area of the Substrate, and 
the light receiving devices 130, which are correspondingly 
activated and are arranged in the second area of the Substrate, 
may be smaller than a distance between the first light emitting 
device 121 and the light receiving devices 130, which are not 
corresponding activated. 
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0100 For example, in FIG. 12, a distance between the first 
light emitting device 121 and the light receiving devices 130, 
which range from a to eandare turned on according to the first 
light emitting device 121 among the light receiving devices 
130, which range from a to and are located in the second area 
of the substrate, may be smaller than a distance between the 
first light emitting device 121 and the rest light receiving 
devices 130, that is, the light receiving devices 130, which 
range from ftojand are turned off according to the first light 
emitting device 121. 
0101 That is, the light receiving devices 130, ranging 
from a to e, may be arranged closer to the first light emitting 
device 121 than to the light receiving devices 130, ranging 
from f to j. 
0102. In addition, a distance between the first light emit 
ting device 121 and the clight receiving device 130 among the 
light receiving devices 130, ranging from a to e, may be 
smaller than a distance between the first light emitting device 
121 and another light receiving devices 130. That is, the 
distance between the clight receiving device 130 and the first 
light emitting device 121 may be the shortest. 
0103) If the clight receiving device 130 alone is turned on 
according to the first light emitting device 121, it can be seen 
that one light receiving devices 130, which is the closet to the 
first light emitting device 121 among the plurality of light 
receiving devices 130, that is, the clight receiving device 130 
alone is activated. 
0104. Alternatively, in order to more strongly prevent the 
malfunction of the touch panel, the light receiving devices 
130, which is located in the middle of three arbitrary light 
receiving devices 130, which is arranged in a row, may be 
activated. 
0105 For example, as shown in FIG. 13, when a second 
light emitting device 120 emits light among the light emitting 
devices 120, among the light receiving devices 130, which 
range from a to and are arranged in a row in an arbitrary area 
of the substrate 100, the light receiving devices 130, ranging 
from a to c, and light receiving device 130, indicated by i and 
j, may be turned off, while the light receiving devices 130, 
ranging from d to h, between the clight receiving device 130 
and the i light receiving devices 130 may be turned on. 
0106. In other words, at least one light receiving devices 
130, which is located within the range in which the arbitrary 
light emitting device 120 emits light, is turned on, while the 
light receiving devices 130, which does not fall within the 
range in which the arbitrary light emitting device 120 emits 
light, may be turned off. 
0107. In addition, in order to the efficiency of detecting a 
touch, at least light receiving devices 130, which are located 
within a range in which an arbitrary light emitting device 120 
emits light, may be turned on. When at least three light receiv 
ing devices 130 are activated according to the one light emit 
ting device 120, it is possible to easily detect a touch made by 
a relatively large object and a touch point of the relatively 
large object. 
0.108 Since the case, shown in FIG. 14, is similar with that 
shown in FIG. 12, a detailed description thereof will be omit 
ted. 
0109. The number of light receiving devices 130 that are 
activated according to one light emitting device 120 may vary. 
0110. For example, as shown in FIG. 15, the number (five) 
of light receiving devices 130 that are turned on according to 
a first light emitting device X that is arranged on a long side 
LS of the substrate 100 may be different from the number 
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(four) of light receiving devices 130 that are turned on accord 
ing to a second light emitting device Y that is arranged on a 
short side of the substrate 100. The number of light receiving 
devices 130 that are turned on according to the first light 
emitting device X may be greater than the number of light 
receiving devices 130 that are turned on according to the 
second light emitting device Y. 
0111 Since the first light emitting device X is arranged on 
the long side LS of the substrate 100, as shown in FIG. 15, a 
distance between the first light emitting device X and the light 
receiving devices 130 that receive a beam, emitted by the first 
light emitting device X, is relatively smaller. On the other 
hand, since the second light emitting device Y is arranged on 
the short side SS of the substrate 100, a distance between the 
second light emitting device Yand the light receiving devices 
130 that receive a beam, emitted by the second light emitting 
device Y, may be relatively larger. 
0112 For these reasons, even if a radiation angle 010 of 
the first light emitting device X is set to be larger than a 
radiation angle 020 of the second light emitting device Y, the 
sensitivity of each of the light receiving devices 130 with 
respect to the beam, emitted by the first light emitting device 
X. may not be reduced. 
0113. As such, it is possible to vary the number of light 
receiving devices 130 that are activated by controlling radia 
tion angles of two arbitrary light emitting devices 120. 
0114. As shown in FIGS. 16A and 16B, it is also possible 
to vary the number of light receiving devices 130 without 
changing the radiation angle of the light emitting devices 120. 
0115 For example, it is possible to vary the number of 
light receiving devices 130 that are activated according to a 
first light emitting device X1 and a second light emitting 
device Y1 that are substantially arranged next to each other in 
the same area of the substrate 100. 
0116. The number of light receiving devices 130 that are 
turned on according to the second light emitting device Y1 
that is arranged closer to the short side SS of the substrate 100 
than the first light emitting device X1 may be greater than the 
number of light receiving devices 130 that are turned on 
according to the first light emitting device X1. 
0117 Since the second light emitting device Y1 is 
arranged closer to the short side SS of the substrate 100, a 
distance between the second light emitting deviceY1 and the 
light receiving devices 130, which are arranged on the short 
side SS of the substrate 100, is relatively smaller than a 
distance between the first light emitting device X1 and the 
light receiving devices 130. 
0118. Therefore, even when the radiation angle 01 of the 

first light emitting device X1 is substantially the same as the 
radiation angle 01 of the second light emitting device Y1, the 
number of light receiving devices 130 that are turned on 
according to the second light emitting device Y1 may become 
larger. 
0119) Alternatively, as shown in FIG. 16B, a radiation 
angle 05 of the second light emitting device Y1 that is 
arranged closer to the short side SS of the substrate 100 than 
the first light emitting device X1 may be greater than the 
radiation angle 01 of the first light emitting device X1. 
0120 More specifically, since the second light emitting 
device Y1 is arranged closer to the short side SS of the sub 
strate 100, and thus, a distance between the second light 
emitting device Y1 and the light receiving devices 130, 
arranged on the short side SS of the substrate 100, is relatively 
smaller than a distance between the first light emitting device 
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X1 and the light receiving devices 130. Therefore, a radiation 
angle 04 in a direction of the short side SS of the substrate 100 
to which the second light emitting device Y1 is adjacent may 
be greater as compared with the first light emitting device X1. 
I0121 When an extension line E2 of the first light emitting 
device X1 is set to a direction perpendicular to the long side 
LS of the substrate 100, if it is assumed that the first light 
emitting device X1 has a radiation angle of 06 in a direction 
from the extension line E2 toward a first short side SS1 of the 
substrate 100, and the first light emitting device X1 has a 
radiation angle of 07 in a direction from the extension line E2 
toward a second short side SS2 of the substrate 100, the sum 
of06 and 07 may be equal to the total radiation angle 01 of the 
first light emitting device X1. 
0.122. In addition, when an extension line E3 of the second 
light emitting device Y1 is set to a direction perpendicular to 
the long side LS of the substrate 100, if it is assumed that the 
second light emitting device Y1 has a radiation angle of 03 in 
a direction from the extension line E3 toward the first short 
side SS1 of the substrate 100, and the second light emitting 
device Y1 has a radiation angle of 04 in a direction from the 
extension line E3 to the second short side SS2 of the substrate 
100, the sum of 03 and 04 may be equal to the total radiation 
angle 05 of the second light emitting device Y1. 
I0123. Here, the radiation angle of 03 may be substantially 
the same as the radiation angle of 06. On the other hand, the 
radiation angle of 04 may be greater than the radiation angle 
of 07. 

0.124. As such, even when the radiation angle of 64 may be 
greater than the radiation angle of 07, since the second light 
emitting device Y1 is arranged closer to the second short side 
SS2 of the substrate 100, a distance between the second light 
emitting device Y1 and the light receiving devices 130 
arranged on the second short side SS2 of the substrate 100 is 
relatively smaller as compared with the first light emitting 
device X1. Therefore, the sensitivity of the light receiving 
devices 130, arranged on the second short side SS2 of the 
substrate 100, to the second light emitting device Y.1 may be 
sufficiently high. 
0.125. As shown in FIG. 16B, the second light emitting 
device Y1 may be located around the edge or at the end of the 
first area of the substrate. On the other hand, the first light 
emitting device X1 may be located in the center of the first 
area of the Substrate as compared with the second light emit 
ting device Y1. If this is considered, the first light emitting 
device X1 may be referred to as a center light emitting device, 
and the second light emitting device Y1 may be referred to as 
an edge light emitting device. 
I0126. As such, the number of light receiving devices 130 
that are turned on according to the second light emitting 
device Y1 that is located around the edge or at the end of the 
first area of the substrate may be different from the number of 
light receiving devices 130 that are turned on according to the 
first light emitting device X1 that is located at the center of the 
first area thereof. 

I0127. For example, as shown in FIG. 16B, 8 light receiv 
ing devices 130 are turned on according to the second light 
emitting device Y1, while 5 light receiving devices 130 are 
turned on according to the first light emitting device X1. 
0128. In addition, as shown in FIG. 16B, the radiation 
angle 05 of the second light emitting deviceY1 may be greater 
than the radiation angle 01 of the first light emitting device 
X1. 
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0129. The control of the radiation angle of the light emit 
ting device 120 as described above may be automatically 
performed according to the intensity of beam that is detected 
by each of the light receiving devices 130 with respect to the 
arbitrary light emitting device 120. For example, in a radia 
tion angle control mode, while the arbitrary light emitting 
device 120 is turned on, all the light receiving devices 130 
may be turned on in a sequential manner or at the same time, 
the intensity of the beam that is received by each of the light 
receiving devices 130 can be measured. 
0130. As a result of measurement, the intensity of the 
beam that a light receiving device 130 has received is lower 
than a predetermined threshold may be set not to be activated 
according to the light emitting device 120. By using this 
method, the radiation angle of each of the light emitting 
devices 120 does not need to be manually controlled by hand. 
0131. In order to increases reliability in detection of a 
touch position, a radiation angle of one light emitting device 
120 may be set to a range from approximately 30% to 95% of 
the maximum radiation angle. 
0.132. In order to the size of a dead Zone, the light receiving 
devices 130 may be located farther than the light emitting 
devices 120. 
0.133 For example, as shown in FIG. 17, the light receiv 
ing devices 130 are located farther from the center of the 
substrate 100 than the light emitting devices 120. Then, a first 
light receiving devices Z10 can effectively receive beams 
emitted from first and second light emitting devices X10 and 
Y10 that are located around the edge of the substrate 100, 
thereby reducing dead Zones. 
0134) To this end, a distance between the end of the sub 
strate 100 and the light receiving devices 130 may be different 
from a distance between the end of the substrate 100 and the 
light emitting devices 120. 
0135 For example, as shown in (a) of FIG. 13, when the 
light emitting device 120 and the light receiving device 130 
are located outside the substrate 100, a shortest distance D20 
between the substrate 100 and the light receiving device 130 
may be greater than a shortest distance D10 between the end 
of the substrate 100 and the light emitting device 120. Alter 
natively, as shown in (b) of FIG. 13, when the light emitting 
device 120 and the light receiving device 130 overlap the 
substrate 100, a shortest distance D20 between the end of the 
substrate 100 and the light receiving device 130 may be 
smaller than a shortest distance D10) between the end of the 
substrate 100 and the light emitting devices 120. 
0.136 FIGS. 18 through 30 are diagrams illustrating a 
touch panel according to another exemplary embodiment of 
the invention. A description of what has been described above 
will be omitted. 
0137 With reference to FIG. 18, the density of optical 
devices 200 that are arranged on the substrate 100 may be 
changed according to the position of the substrate 100. Pref 
erably, a distance between two optical devices 200 that are 
adjacent to each other may get Smaller toward the edge of the 
substrate 100. That is, the optical devices 200 may be more 
densely arranged toward the corners of the substrate 100. 
0138 For example, a distance D11 between two optical 
devices 200 that are adjacent to each other in the central area 
of the substrate 100 may be greater than a distance D10 
between two optical devices 200 that are adjacent to each 
other at the corners of the substrate 100. 

0.139. Here, the distance between the optical devices 200 
adjacent to each other may refer to a distance between two 
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light emitting devices 120 adjacent to each other, a distance 
between two light receiving devices 130 adjacent to each 
other, and a distance between the light emitting device 120 
and the light receiving device 130 adjacent to each other. 
0140 For example, as shown in FIG. 19, it is assumed that 
a plurality of light emitting devices 120 are arranged on a first 
longside LS1 and a second short side SS2 of the substrate 100 
and a plurality of light receiving devices 130 are arranged on 
a second long side LS2 and a first short side SS1 of the 
Substrate 100. 
0.141. In this case, a distance D11 between light receiving 
devices 130 that are adjacent to each other in a second area 
AR2 of the second longside LS2 of the substrate 100 may be 
greater than a distance D10 between two light receiving 
devices 130 that are adjacent to each other in a first area AR1 
or a third area AR3 that is located farther from the center 
thereofthan the second area AR2. 
0142. In addition, a distance D21 between two light emit 
ting devices 120 that are adjacent to each other in the second 
area AR2 of the first longside LS1 of the substrate 100 may be 
greater than a distance D20 between two light emitting 
devices 120 that are adjacent to each other in the first area 
AR1 and the third area AR3 that is located farther from the 
center thereofthan the second area AR2. 
0.143 Alternatively, as shown in FIG. 20, it is assumed that 
a plurality of light receiving devices 130 and a plurality of 
light emitting devices 120 are arranged on each of the first 
longside LS1, the second short side SS2, the second longside 
LS2, and the first short side SS1 of the substrate 100. 
0144. In this case, a distance D31 between the light emit 
ting device 120 and the light receiving device 130 that are 
adjacent to each other in the second area AR2 of the substrate 
100 may be greater than a distance D30 between the light 
emitting device 120 and the light receiving device 130 that are 
adjacent to each other in the first area AR1 and the third area 
AR3 that is located closer to the edges thereofthan the second 
area AR2. 
0145 A distance between two optical devices 200 may 
gradually decrease towards the corner of the substrate 100. 
0146 For example, as in the case of FIG. 21, a distance 
between two light receiving devices 130 adjacent to each 
other may gradually decrease in order of D40, D41, D42, 
D43, D44, and D45 as it gets farther from the center of the 
long side LS2 of the substrate 100. 
0.147. In this embodiment, the description has been made 
to a case in which the longsides LS1 and LS2 of the substrate 
100 are virtually divided into the areas AR1, AR2, and AR3. 
This method can be applied to the short sides SS1 and SS2 of 
the substrate 100. That is, as it gets farther from the center of 
the first short side SS2, a distance between two light receiving 
devices 130 that are adjacent to each other in the first short 
side SS2 of the substrate 100 may gradually decrease in order 
of D50, D51, D52, and D53. 
0.148. In addition, the description has been made to a case 
in which a predetermined side, that is, each of the long sides 
LS1 and LS2 of the substrate 100 is divided into that is, three 
areas, and a distance between optical devices 200 adjacent to 
each other in each area is set. However, a predetermined side 
of the substrate 100 may be divided into more than four areas, 
and a distance between optical devices 200 adjacent to each 
other in each area may vary. 
0149. In the present invention, it is set such that the dis 
tance between the optical devices 200 gradually decreases as 
it gets farther from the center of each of the sides LS1, LS2, 
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SS1, and SS2 of the substrate 100. Distances between 
approximately three optical devices 200 that are located at the 
outermost edge of each side may behalf or less than half of a 
distance between optical devices 200 that are arranged in the 
very centre of or next to the substrate 100 or the central area 
(AR1) or an average distance between optical devices 200. 
0150. As such, when the distance between the two optical 
devices 200 is reduced towards the corners of the substrate 
100, the size of a dead Zone at the corners of the substrate 100 
can be reduced. 
0151. For example, as shown in (A) of FIG. 22, when the 
optical devices 200 are separated at substantially regular 
intervals regardless of where they are located on the substrate 
100, dead Zones DZ may be created at the corners of the 
Substrate 100. 
0152 On the other hand, as shown in (B) of FIG. 22, when 
a distance between two optical devices 200 decreases toward 
the edges of the substrate 100, the size of dead Zones can be 
reduced. 
0153. Referring to FIG. 23, as indicated by (A), the light 
emitting device 120 may include a light emitting Surface 
2300. As shown in (B) of FIG. 23, predetermined light can be 
emitted through the light emitting surface 2300 at a predeter 
mined radiation angle. 
0154) A direction in which the light emitting surface 2300 
of the light emitting devices 120 directs may be referred to as 
a light emitting direction of the light emitting devices 120. 
0155. In addition, as shown in FIG. 24, when the light 
emitting device 120 emits light at a radiation angle of 030, the 
light emitting direction of the light emitting device 120 may 
mean an angle of 030/2 from the center of a light emitting 
range of the light emitting device 120, that is, both ends of the 
light emitting range. In FIG. 24, the light emitting direction of 
the light emitting device 120 is indicated by DR. 
0156. At least one light emitting direction among the plu 
rality of light emitting devices 120 may be different from at 
least one light emitting direction among the restlight emitting 
device 120. In other words, a direction to which at least one 
light emitting surface 2300 directs among the plurality of 
light emitting devices 120 may be different from a direction to 
which at least one light emitting surface 2300 faces among the 
rest light emitting devices 120. 
(O157 For example, as shown in (A) of FIG. 25, light 
emitting directions DR1 and DR2 of a first light emitting 
device 120a and a second light emitting device 120b among 
the plurality of light emitting devices 120, that directions to 
which light emitting surfaces 2300 thereof direct may be 
Substantially the same. On the other hand, a light emitting 
direction DR3 of a third light emitting devices 120c among 
the light emitting devices 120 may be different from the light 
emitting directions of the first light emitting device 120a and 
the second light emitting device 120b. 
0158. As shown in (B) of FIG. 25, the direction DR2 to 
which the light emitting surface 2300 of the second light 
emitting device 120b directs is different from the direction 
DR3 to which the light emitting surface 2300 of the third light 
emitting devices 120c directs. 
0159. As such, when light emitting directions of two light 
emitting devices 120 that are selected among the plurality of 
light emitting devices 120, that is, directions to which light 
emitting surfaces 2300 directare different each other, the size 
of dead Zones can be reduced. In addition, it is possible to 
increase the efficiency of light that is emitted by the light 
emitting devices 120. 
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0160 For example, as shown in FIG. 26, among a first 
light emitting device 120a, a second light emitting device 
120b, and a third light emitting devices 120c, when a light 
emitting direction of the third light emitting devices 120c that 
is located relatively farther from the center of the substrate 
100 is inclined toward the center of the substrate 100, it is 
possible to sufficiently use the light emitted by the third light 
emitting devices 120c, thereby increasing luminous effi 
ciency. 
0.161. In addition, in order to improve luminous efficiency, 
a direction to which the light emitting surface 2300 of the 
light emitting device 120 that is located farther from the 
center of the substrate 100 may be controlled to face the 
central area of the substrate 100. 
0162 For example, as shown in FIG. 27, it is assumed that 
on the basis of a straight line that passes through the center of 
the substrate 100 and is perpendicular to a predetermined side 
of the substrate 100, that is, a center line CL, first, second, 
third, and fourth light emitting devices 120a, 120b, 102c, and 
120d are arranged at the right side of the centerline CL. More 
specifically, the first light emitting device 120a is arranged 
closer to the center of the substrate 100 than the second light 
emitting device 120b. In other words, the first light emitting 
device 120a is arranged closer to the center line CL of the 
substrate 100 than the second light emitting device 120b. In 
addition, the second light emitting device 120b may be 
arranged closer to the center of the substrate 100 than the third 
light emitting devices 120c. 
(0163. In this case, an angle 031 between a direction DR1 
to which the light emitting surface 2300 of the first light 
emitting device 120a directs and a direction DR3 to which the 
light emitting surface 2300 of the third light emitting devices 
120c directs may be greater than an angle 032 between a 
direction DR1 to which the light emitting surface 2300 of the 
first light emitting device 120a directs and a direction DR2 to 
which the light emitting surface 2300 of the second light 
emitting device 120b directs. That is, as compared with the 
first and second light emitting devices 120a and 120b, the 
light emitting direction of the third light emitting devices 
120C is inclined toward the center line CL of the substrate 
1OO. 

(0164. Here, the angle 032 between the direction DR1 to 
which the light emitting surface 2300 of the first light emitting 
device 120a directs and the direction DR2 to which the light 
emitting surface 2300 of the second light emitting device 
120b directs may be substantially Zero degree. That is, the 
direction DR1 to which the light emitting surface 2300 of the 
first light emitting device 120a directs and the direction DR2 
to which the light emitting surface 2300 of the second light 
emitting device 120b directs may be substantially parallel 
with each other. In this case, the angle 031 between the 
direction DR1 to which the light emitting surface 2300 of the 
first light emitting device 120a directs and the direction DR3 
to which the light emitting surface 2300 of the third light 
emitting devices 120c directs may be substantially the same 
as the angle 032 between the direction DR1 to which the light 
emitting surface 2300 of the first light emitting device 120a 
directs and the direction DR2 to which the light emitting 
surface 2300 of the second light emitting device 120b directs. 
0.165 Alternatively, as shown in FIG. 28, on the basis of 
the center line CL passing through the center of the Substrate 
100, as it gets farther from the center line CL, an angle 
between the center line CL and the light emitting direction of 
the light emitting device 120 may gradually increase. Refer 
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ring to FIG. 28, an angle 035 between the center line CL and 
the direction DR2 to which the light emitting surface 2300 of 
the second light emitting device 120b directs may be greater 
than an angle (0 degree) between the center line CL and the 
direction DR1 to which the light emitting surface 2300 of the 
first light emitting device 120a directs. An angle 033 between 
the center line CL and the direction DR3 to which the light 
emitting surface 2300 of the third light emitting devices 120c 
directs may be greater than an angle 035 between the center 
line CL and the direction DR2 to which the light emitting 
surface 2300 of the second light emitting device 120b directs. 
In addition, an angle 034 between the center line CL and a 
direction DR4 to which a light emitting surface 2300 of a 
fourth light emitting device 120d directs may be greater than 
the angle 033 between the center line CL and the direction 
DR3 to which the light emitting surface 2300 of the third light 
emitting devices 120c directs. 
0166 A direction to which a light emitting surface 2300 of 
a light emitting device that is located at the outermost edge of 
the substrate 100 may be rotated by approximately 1° toward 
the center of the substrate. 
0167. In addition, the description has been made to the 
light emitting devices 120 that are located on the first long 
side LS1. The same method may be applied to the light 
emitting devices 120 that are located on the second short side 
SS2. In addition, the light receiving devices 130 correspond 
ing to the light emitting devices 120 may be arranged sym 
metrically with respect to the light emitting devices. 
(0168. At least one optical device 200 may be arranged at 
the corner of the substrate 100. For example, as indicated by 
dashed line in FIG. 29, the light emitting device 120 may be 
arranged at least one corner of the substrate 100, and the light 
receiving devices 130 may be arranged at the other corners 
thereof. 
0169. In this case, it is possible to reduce the size of dead 
Zones at the corners of the substrate 100. 
0170. In addition, in order to reduce the size of dead Zones 
at the corners of the substrate 100, as shown in FIG.30, while 
at least one optical device 200 is arranged at the corners of the 
substrate 100, a distance between two optical devices 200, 
adjacent to each other, can gradually decrease toward the 
corner of the substrate 100. 
(0171 FIGS. 31A, 31B, and 32 through 37 are diagrams 
illustrating a display apparatus having a touch panel accord 
ing to an embodiment of the present invention. A description 
of what has been described above will be omitted. Hereinaf 
ter, various types of display panels. Such as a plasma display 
panel (PDP) and a liquid crystal display panel (LCD), may be 
used as a display panel 1801. 
(0172 Referring to FIG. 31A, the substrate 100 may be 
arranged on a front surface of the display panel 1801, and the 
plurality of light emitting devices 120 and light receiving 
devices 130 may be arranged around the edges of the sub 
strate 100. That is, the substrate 100 having light emitting 
devices 120 and the light receiving devices 130 arranged 
thereon is provided on the front surface of the display panel 
1801. 
0173 The positions where the plurality of light emitting 
devices 120 and the light receiving devices 130 are arranged 
may correspond to edges of an active area 1800 on which an 
image of the display panel 1801 is displayed. 
0.174. In this case, a protection cover 1820 that is arranged 
outside the light emitting devices 120 and the light receiving 
devices 130 may cover side surfaces of the substrate 100 and 
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the display panel 1801. In addition, the protection cover 1820 
may also be used as a fixing unit to fix the substrate 100 and 
the display panel 1801. 
(0175 Alternatively, as shown in FIG. 31B, the substrate 
100 may be removed, and the plurality of light emitting 
devices 120 and the plurality of light receiving devices 130 
may be arranged around the edges of the display panel 1801. 
0176 The light emitting devices 120 and the light receiv 
ing devices 130 may be arranged in a dummy area 1810 
outside the active area 1800 on which an image of the display 
panel 1801 is displayed. For example, as shown in 31B, the 
light emitting devices 120 and the light receiving devices 130 
may be arranged in the dummy area 1810 outside the active 
area 1800 of the display panel 1800. Here, a dummy area is 
indicated by reference numeral 1810, which may refer to a 
bezel area of the display panel. 
0177. In this case, the display panel 1801 replaces the 
Substrate 100. 
0.178 The configuration of a touchpanel that is used in this 
display apparatus is substantially the same as the configura 
tion which has been described in detail with reference to 
FIGS. 1 through 30. Thus, a detailed description thereof will 
be omitted. 
0179. Like the case as shown in FIG. 17, in the display 
apparatus, as shown in FIGS. 31A and 31B, the light receiv 
ing devices 130 may be located further back than the light 
emitting devices 120. To this end, as shown in FIG. 32, a 
shortest distance D20 between the end of the display panel 
1801, that is, the end of the dummy area 1810 and the light 
receiving device 130 may be smaller than a shortest distance 
D10 between the end of the display panel 1801 and the light 
emitting device 120. 
0180. As such, in order to locate the light receiving devices 
130 farther from the center of the display panel 1801, a PCB 
may be arranged on the protection cover 1820. When the PCB 
is arranged on the protection cover 1820, provided to cover 
the side surfaces of the display panel 1801, the light receiving 
devices 130 can be substantially arranged at the end of the 
display panel 1801. 
0181. Here, the PCB may be aboard having flexibility, for 
example, a flexible PCB. In addition, the PCB may connect a 
controller (not shown) to the light receiving devices 130 and 
the light emitting devices 120. 
0182 Alternatively, as shown in FIG. 33, the optical 
devices 200, arranged in the dummy area 1810 of the display 
panel 1801, may be arranged close to the end of the dummy 
area 1810. For example, as shown in (B) of FIG.33, a distance 
G1 between the end of the dummy area 1810 and the optical 
device 200 may be smaller than a distance G2 between the 
optical device 200 and an active area AA. Here, the optical 
device 200 may be at least one of the light emitting device 120 
and the light receiving device 130. 
0183 In this case, it is possible to reduce the size of dead 
ZOS. 

0.184 Alternatively, while the light emitting devices 120 
and the light receiving devices 130, which are arranged in the 
dummy area 1810 of the display panel 1801, are arranged 
close to the end of the dummy area 1810, the light emitting 
devices 120 may be closer to the end of the dummy area 1810 
than the light receiving devices 130. For example, as shown in 
FIG. 34, a distance G10 between the end of the dummy area 
1810 and the light emitting device 120 may be smaller than a 
distance G11 between the light emitting device 120 and the 
active area AA, and a distance G20 between the end of the 
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dummy area 1810 and the light receiving device 130 may be 
smaller than a distance G21 between the light receiving 
device 130 and the active area AA. Here, the distance G10 
between the end of the dummy area 1810 and the light emit 
ting device 120 may be smaller than the distance G20 
between the end of the dummy area 1810 and the light receiv 
ing device 130. In this case, since light, emitted by the light 
emitting device 120, can spread more widely, the luminous 
efficiency of the light emitting device 120 can be improved, 
and also, it is possible to reduce the size of dead Zones in an 
area adjacent to the light emitting device 120. 
0185. As such, even when the optical devices 200, 
arranged in the dummy area 1810 of the display panel 1801, 
is arranged adjacent to the end of the dummy area 1810, a 
distance between two optical devices 200 adjacent to each 
other in the dummy area 1810 can decrease towards the 
corner of the display panel 1801. For example, a distance 
D110 between two light emitting devices 120 adjacent to each 
other in a twelfth area AR12 of a first long side LS1 of the 
display panel 1801 may be greater than a distance D100 
between two light emitting devices 120 adjacent to each other 
in an eleventh area AR11 or a thirteenth area AR13 that is 
located farther from the center than the twelfth area AR12. 
0186. In this case, the distance between the two optical 
devices 200 adjacent to each other decreases toward corners 
3500 of the dummy area 1810. In other words, the number of 
optical devices 200 per unit distance in a first part (AR11 and 
AR13) adjacent to the corners 3500 of the dummy area 1810 
may be regarded to be greater than the number of optical 
devices 200 per unit distance in a second part (AR12) located 
further from the corners 3500 than the first part. 
0187. The method of reducing the distance between the 
two optical devices 200 adjacent to each other towards the 
corner of the display panel 1801 can be inferred from the 
detailed description with reference to FIGS. 18 through 22. 
Thus, a detailed description thereof will be omitted. 
0188 Alternatively, as shown in FIG. 36, at least one opti 
cal device 200 may be arranged at the corner of the dummy 
area 1810. In FIG. 36, optical devices 200 that are arranged at 
the corners of the dummy area 1810 are indicated by H1 to 
H4. 

0189 Here, the optical devices 200, which are arranged at 
the corners of the dummy area 1810, may not overlap the 
active area 1800 in a direction parallel with short sides SS1 
and SS2 of the active area 1800 and long sides LS1 and LS2 
of the active area 1800. Specifically, the optical devices 200, 
which are arranged at the corners of the dummy area 1810, 
may not meet an extension line EL10 of the short sides SS1 
and SS2 of the active area 1800 and an extension line EL11 of 
the long sides LS1 and LS2 of the active area 1800. 
0190. In addition, the optical devices 200, arranged at the 
corners of the dummy area 1810, can be arranged closer to the 
active area 1800 than other optical devices 200. Here, the 
optical devices 200, arranged at the corners of the dummy 
area 1810, have been described in detail with reference to 
FIG. 36. 

0191 For example, as shown in FIG. 37, a distance G42 
between the active area 1800 and an optical device 3720 that 
is arranged at the corner of the dummy area 1810 may be 
smaller than distances G31 and G51 between optical devices 
3700 and 3710 and the active area 1800. 

0192 In addition, distances G40 and G41 between the end 
of the dummy area 1810 and the optical device 3720, arranged 
at the corner of the dummy area 1810, may be greater than 
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distances G30 and G50 between the optical devices 3700 and 
3710 and the end of the dummy area 1810. Specifically, a 
distance G40 between the optical device 3720, arranged at the 
corner of the dummy area 1810, and the second short side SS2 
of the dummy area 1810 may be greater than a distance G30 
between the optical device 3700 overlapping the active area 
1800 in a direction of the long side LS of the dummy area 
1810 and the second short side SS2 of the dummy area 1810. 
In addition, a distance G41 between the optical device 3720, 
arranged at the corner of the dummy area 1810 and the first 
longside LS1 of the dummy area 1810 may be greater than a 
distance G50 between the optical device 3710 overlapping 
the active area 1800 in a direction of the short side SS of the 
dummy area 1810. 
(0193 In addition, the distances G31 and G51 may be 
different from each other, and the distances G30 and G50 may 
be different from each other. 

0194 FIGS. 38 through 42 are diagrams illustrating a 
method of driving a touch panel according to another embodi 
ment of the present invention. 
(0195 Referring to FIG.38, according to a method of driv 
ing a touch panel according to this embodiment, a plurality of 
light emitting devices X10 through X40 are turned on in a 
sequential manner to thereby emit beams in operation S21. 
and a plurality of light receiving devices Z1 through Z4 are 
turned on to thereby receive the beams having been emitted 
by the light emitting devices X10 through X40 in operation 
S22. 

(0196) Then, the positions of the light emitting devices X10 
through X40 and detection data in association with light 
receiving data of the plurality of light receiving devices Z1 
through Z4, which are turned on according to the individual 
light emitting devices, are converted using a mathematical 
conversion method to thereby center points of the detection 
data in operation S23. 
0197) Then, data on the center points are inversely con 
verted to thereby calculate a touch position in operation S24. 
0198 Here, the detection data includes the position of a 
light emitting device being turned on and the position of a 
light receiving device that fails to detect light from the light 
emitting device among a plurality of light receiving devices 
being turned on according to the light emitting device. For 
example, as shown in FIG. 39A, when the first light emitting 
device X10 is turned on, a first light receiving device Z1 does 
not receive light emitted from the first light emitting device 
X10 due to an input unit that is located at a point P. Therefore, 
detection data includes data on rectangular coordinates cor 
responding to (X10, Z1). In the same manner, as shown in 
39A, the detection data includes data on rectangular coordi 
nates corresponding to (X10, Z1), (X20, Z2), (X30, Z3), and 
(X40, Z4). 
0199 Here, in the operation in which the plurality of light 
receiving devices Z1 through Z4 receive beams, as described 
above in detail, when each of the light emitting devices X10 
through X40 is turned on, the plurality of light receiving 
devices may be turned on and the other light receiving devices 
may be turned off. This has been described in detail, and thus 
a detailed description thereof will be omitted. 
0200. In the touch panel according to this embodiment, in 
order to prevent an erroneous operation of the light receiving 
devices Z1 through Z4 caused by light externally incident 
thereon or light emitted from a display panel, a driving signal 
whose frequency or amplification is controlled may be used. 
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0201 For example, as shown in 39B, the fourth light emit 
ting device X40 among the plurality of light emitting devices 
X10 through X40 may be turned on according to a plurality of 
driving signals DS during a first period time P1. Specifically, 
the fourth light emitting device X40 is turned on when the 
driving signal DS are supplied during the first period time P1 
to thereby emit a beam, while the fourth light emitting device 
X40 is turned off between two driving signals DS and does 
not emit a beam. That is, the fourth light emitting device X40 
has a light emission periodTP and a light emission duration 
TH. 

0202 At this time, the light receiving devices Z1 through 
Z4 perform sampling according to a sampling rate based on 
the light emission period TP and the light emission duration 
TH of fourth light emitting device X40, and sense light recep 
tion when receiving light corresponding to the pattern of the 
light emission periodTP and the light emission duration TH 
of fourth light emitting device X40. Specifically, when the 
fourth light emitting device X40 has a light emission period 
TP of 2 ms and a light emission duration TH of 1 ms, the light 
receiving devices Z1 through Z4 may regard light being 
received with a period of 2 ms for 1 mS as the light, having 
been emitted from the fourth light emitting device X40, and 
ignore another light. For example, when an observer shines a 
flashlight on the plurality of light receiving devices Z1 
through Z4 for 10 seconds, the light receiving devices Z1 
through Z4 may regard the flashlight as external noise. As a 
result, the influence of external light can be reduced, and the 
malfunction of the light receiving devices can be reduced. 
0203 Here, the description has been made to a method of 
operation one light emitting device by using four driving 
signals DS. However, the number of driving signals DS to 
drive one light emitting device can be varied. 
0204. In addition, a method of controlling a pulse width of 
the driving signal DS may also be used. 
0205. A method of using a sinusoidal driving signal 
instead of a square wave signal may also be used. 
0206. A method of calculating a touch position will be 
described in more detail. 

0207 First, a plurality of detection data corresponding to 
(X10, Z1), (X20, Z2), (X30, Z3), and (X40, Z4) including 
position data of the light emitting devices X10 through X40 
and the light receiving devices Z1 through Z4 by the method 
as described in FIGS. 39A and 39B may be acquired. 
0208. Then, each detection data can be mapped onto a 
rectangular coordinate system. In this case, as shown in FIG. 
40, the detection data about the second light emitting device 
X20 and the second light receiving devices Z2 may be 
mapped as indicated by F2, and the detection data about the 
fourth light emitting device X40 and the fourth light receiving 
devices Z4 may be mapped as indicated by F1. 
0209. Then, in order to acquire a center point of each 
detection data, the mapped detection data can be converted 
using a mathematical conversion method. Such conversion is 
referred to as a first conversion. 

0210 Grouping is performed to connect the first converted 
detection data to the plurality of detection data being mapped 
and corresponding to the same position. And data on a center 
point W1 in association with the mapped detection data can 
be acquired as shown in FIG. 41. Here, the reason for which 
grouping is performed is that as shown in FIG. 39A, the 
plurality of detection data (X10, Z1), (X20, Z2), (X30, Z3), 
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and (X40, Z4)) correspond to an arbitrary position P. and thus, 
the detection data according to the arbitrary positionP need to 
be connected to each other. 
0211. In the operation of acquiring a center point, the 
number of touches being made can be acquired through the 
center point W1. For example, a touch range can be acquired 
on the basis of the size of a predetermined areaW2 around the 
center point W1. 
0212. Alternatively, a method of performing the first con 
version of the mapped detection data, acquiring data on the 
area W2, as shown in FIG. 41, and then acquiring the center 
point W1 of the area W2 may also be used. 
0213. The data on the center point W1 may undergo a 
second conversion, that is, inverse conversion of the first 
conversion, so that a plurality of converted detection data 
including position data about the light emitting devices X10 
through X40 being turned on and the light receiving devices 
Z1 through Z4 being corresponding turned on can be 
acquired. 
0214. Here, the converted detection data, obtained by 
inversely converting the data about the center point W1, as 
shown in FIG. 41, may be substantially linear in shape. 
0215 For example, in FIG. 40, since the detection data is 
mapped on the rectangular coordinate system, it is in the form 
of predetermined areas (F1 and F2). The center point W1 of 
each detection data is acquired by the first conversion as 
shown in FIG. 41, and the data is inversely converted. There 
fore, as shown in FIG. 42, converted detection data in the form 
ofstraightlines (SL1 and SL2) can be acquired. Here, the area 
F1 of FIG. 40 may be converted into a linear shape as indi 
cated by SL1 of FIG. 42, and the area F2 of FIG. 40 may be 
converted into a linear shape as indicated by SL2 of FIG. 42. 
0216. Then, as shown in FIG. 42, an intersecting point P(i. 

j) of the converted detection data is acquired to thereby 
acquire the touch position. 
0217 FIGS. 43 through 46 are diagrams illustrating func 
tional blocks of a display apparatus having a touch panel 
according to another embodiment of the present invention. A 
description of what has been described above will be omitted. 
0218. Referring to FIG. 43, a display apparatus according 
to this embodiment may comprise a touch panel section 2500 
that including a touch panel 2510 having plurality of light 
emitting device and a plurality of light receiving devices and 
a controller 2520, and a display section 2530. 
0219. Here, the display section 2530 may be at least one of 
a PC, an embedded system, and a display panel such as a PDP 
and an LCD. 

0220. The controller 2520 may control the operations of 
the light emitting device and the light receiving devices of the 
touch panel 2510. 
0221. As shown in FIG. 44, the controller 2520 of the 
touch panel section 2500 may include a control unit 2521, a 
data collection unit 2522, an operation unit 2523, and a first 
communication unit 2524. 

0222. In addition, the display section 2530 may include a 
second communication unit 2531 and an application program 
unit 2532. 

0223) The control unit 2521 may control the plurality of 
light emitting device and the plurality of light receiving 
devices of the touch panel 2510. For example, the control unit 
2521 may turn on the plurality of light emitting device 
according to predetermined timings and turn on at least one 
light receiving device according to an arbitrary light emitting 
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device being turned on. The operations of the plurality of light 
emitting device and the light receiving devices have been 
described above in detail. 
0224. The data collection unit 2522 may collect optical 
data that is acquired by the plurality of light emitting device 
and the light receiving devices being operated under the con 
trol of the control unit 2521. Here, the optical data may refer 
to detection data. 
0225. The operation unit 2523 may operate and calculate a 
touchposition on the basis of the optical data, collected by the 
data collection unit 2522. The calculation method of the touch 
position has been described above in detail. 
0226. The first communication unit 2524 may transmit 
information about the touch position, operated by the opera 
tion unit 2523, to the second communication unit 2531 of the 
display section 2530. 
0227. Then, the display section 2530 displays the infor 
mation about the touch position on a screen, stores the infor 
mation about the touch position, or applies the information 
about the touch position to the application program unit 2532 
using the information about the touch position for application 
programs. 
0228. Alternatively, as shown in FIG. 45, the operation 
may be removed from the controller 2520, and an operation 
unit 2533 may be arranged in the display section 2530. In this 
case, the first communication unit 2524 may transmit optical 
data, collected by the data collection unit 2522, to the second 
communication unit 2531 of the display section 2530, and the 
operation unit 2533 may operate and calculate the touch 
position on the basis of the optical data the second commu 
nication unit 2531 has received. 
0229. Alternatively, as shown in FIG. 46, the operation 
unit and the data collection unit are removed from the con 
troller 2520, and the operation unit 2533 and a data collection 
unit 2534 may be arranged in the display section 2530. In this 
case, the first communication unit 2524 may transmit each 
optical data, acquired by the light emitting device and the 
light receiving devices being operated according to the con 
trol of the control unit 2521, the second communication unit 
2531 of the display section 2530. 
0230. The data collection unit 2534 may collect the optical 
data, transmitted to the second communication unit 2531 of 
the display section 2530, and the operation unit 2533 may 
operate and calculate the touch position on the basis of the 
optical data collected by the data collection unit 2534. 
0231. Another method of driving a touch panel according 
to an embodiment of the present invention will now be 
described in detail. 
0232 FIGS. 47 through 68 are diagrams illustrating 
another method of driving a touch panel according to another 
embodiment of the present invention. A description of what 
has been described above will be omitted. For example, a 
driving method below can be applied to the above-described 
touch panel. A method of driving a touch panel will be exem 
plified below, and can be applied to a method of driving the 
display apparatus having the light emitting devices 120 and 
the light receiving devices 130. In addition, the operation of 
the touch position may be performed by the operation units 
2523 and 2533, which have been described with reference to 
FIGS. 44 through 46. Moreover, since the operation of the 
touch position has been described above in detailed, a 
description thereof will be omitted. 
0233 First, as shown in (A) of FIG. 47, it is assumed that 
a plurality of light emitting devices EH1 through EH6 are 
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arranged on the first long side LS1 of the substrate 100, a 
plurality of light emitting devices EV1 through EV4 are 
arranged on the second short side SS2 of the substrate 100, 
and a plurality of light receiving devices 130 are arranged on 
the second longside LS2 and the first short side SS1 of the 
substrate 100. Here, the plurality of light emitting devices 
EH1 through EH6, arranged on the first long side LS1 of the 
substrate 100, may be referred to as horizontal light emitting 
devices, and the plurality of light emitting devices EV1 
through EV4, arranged on the second short side SS2 of the 
substrate 100, may be referred to as vertical light emitting 
devices. 
0234. The plurality of light emitting devices EH1 through 
EH6 and EV1 through EV4 may be turned on individual 
frame periods F1 through F5. In addition, at least one light 
receiving device 130 may be activated according to the light 
emitting device being turned on. Here, the frame periods F1 
through F5 may be differentiated by a vertical synchronous 
signal VSync. In addition, the Vertical synchronous signal 
Vsync may be the same as a vertical synchronous signal 
corresponding to image data that is displayed on the display 
panel or another vertical Synchronous signal for a touch. For 
the driving convenience and ease, the vertical synchronous 
signal VSync used for a touch may be the same as a vertical 
synchronous signal corresponding to image data. In this case, 
frames of the image data may be equal to frame periods for a 
touch. 
0235. One frame period may be described as a period 
during which the plurality of light emitting devices EH1 
through EH6 and EV1 through EV4 finish being turned off 
OCC. 

0236. For example, as shown in (B) of 47, during a second 
frame F2 of the plurality of frames, driving signals DS may be 
supplied to the horizontal light emitting devices EH1 through 
EH6 in a sequential manner, and driving signals DS may then 
be supplied to the vertical light emitting devices EV1 through 
EV4 in a sequential manner. Therefore, the plurality of light 
emitting devices EH1 through EH6 and EV1 through EV4 
may be turned on in a sequential manner. Here, the forms of 
the driving signals DS are not limited to FIG. 47. 
0237 As such, during the individual frame periods F1 
through F5, the plurality of light emitting devices EH1 
through EH6 and EV1 through EV4 are turned on, and the 
light receiving devices 130 are correspondingly activated, so 
that scanning can be performed as to whether a touch is made 
or not. Considering this point, one frame period may refer to 
a period during which the plurality of light emitting devices 
EH1 through EH6 and EV1 through EV4 are turned on at least 
OCC. 

0238 Alternatively, as shown in 48, one frame period F2 
may be divided into a horizontal frame period HF and a 
vertical frame period VF. Here, the horizontal frame period 
HF is a period during which the plurality of light emitting 
device, arranged in a horizontal direction, that is, the horizon 
tallight emitting devices EH1 through EH6 are turned on. The 
vertical frame periodVF is a period during which the plurality 
of light emitting device, arranged in a vertical direction, that 
is, the vertical light emitting devices EV1 through EV4 are 
turned on. 
0239 When a touch is made within a predetermined frame 
period, detection data about a touch position corresponding to 
the frame period during which the touch has been made can be 
ignored. Here, the description of the detection data has been 
described above. 
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0240 For example, as shown in FIG. 49, when a touch is 
made at a time point T. during the second frame period F2 
among the plurality of frame periods F1 through F5, it is 
possible to ignore detection data that is generated during at 
least one frame period among frame periods corresponding to 
a touch duration TPD from the time point T at which the 
touch is made to a time point at which the touch is terminated. 
0241. It may be possible to ignore detection data that is 
generated during the first frame period among the frame 
periods corresponding to the touch duration TPD from the 
time point T at which the touch is made to the time point at 
which the touch is terminated, that is, the second frame period 
F2. In other words, in the operation of calculating a touch 
position, while the detection data, generated during the sec 
ond frame period F2, is not considered, the touch position is 
calculated and output by using detection data being generated 
from the next period, that is, the third frame period F3 d. 
0242. The reason for which the detection data being gen 
erated during the first frame period among the frame periods 
corresponding to the touch duration TPD from the time point 
T at which the touch is made to the time point at which the 
touch is terminated is ignored when the touch position is 
calculated is as follows. 

0243 As shown in FIG. 50, it is assumed that a touch is 
made after a driving signal DS is supplied to the first vertical 
light emitting device EV1 during the vertical frame period VF 
of the second frame period F2. That is, the time point T at 
which the touch is made is present between a time point at 
which the driving signal DS is supplied to the first vertical 
light emitting device EV1 and a time point at which the 
driving signal DS is supplied to the second vertical light 
emitting device EV2. 
0244. In this case, as shown in FIG. 51, detection data that 
is generated during the second frame period F2 may depend 
on the second through fourth vertical light emitting devices 
EV2 through EV4. More specifically, when a predetermined 
object 5100 such as a finger makes a touch at a predetermined 
position on the display panel, the light receiving devices 130 
can be activated according to light emitted by the second 
through fourth vertical light emitting devices EV2 through 
EV4 during the second frame period F2. For these reasons, it 
may be difficult to accurately calculate the touch position 
with the detection data being generated during the second 
frame period F2. Therefore, in the present invention, the 
detection data being generated during the second frame 
period F2 is ignored. 
0245. Then, information about the touch position can be 
output using detection data of the other frame periods corre 
sponding to the touch duration TPD except for the frame 
period corresponding to the detection data being ignored. The 
method of calculating and outputting the touch position by 
using the detection data has bee described in detail with 
reference to FIGS. 38 through 42. 
0246 The time point T at which the touch is made is 
present before the first light emitting device is turned on 
during a predetermined frame period, detection data about the 
touch position that is generated during the corresponding 
frame period is not ignored but can be used to calculate the 
touch position. 
0247 For example, as shown in FIG. 52, when the time 
point Tat which the touch is made is within the second frame 
period F2, and the touch is made before the driving signal DS 
is Supplied to the first light emitting device during the second 
frame period F2, that is, the first horizontal light emitting 
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device EH1, the detection data about the touch being made 
during the second frame period F2 may include accurate 
information about the touch position. Therefore, as shown in 
FIG. 52, the detection data about the touch position that is 
generated during the second frame period F2 may not be 
ignored. Here, the description has been made to a case in 
which the driving signals DS are sequentially supplied from 
the first horizontal light emitting device EH1 down during 
one frame period. The order in which the driving signals DS 
are supplied is not limited thereto. 
0248 For example, as shown in FIG. 53, when a touch 
starts in operation 5400, that is, when a touch is made, it is 
determined as to whether a touch start point T is before the 
first light emitting device is turned on during the first frame 
period among frame periods corresponding to a touch dura 
tion TPD from the time point Tat which the touch is made to 
a time point at which the touch is terminated in operation 
5410. In other words, it is determined whether the touch start 
point T. corresponds to the light emitting device during the 
first frame period among the frame periods corresponding to 
the touch duration TPD. 
0249. As a result of the determination, if it is determined 
that the touch start point T is before the first light emitting 
device is turned on during the first frame period among frame 
periods corresponding to the touch duration TPD, it is pos 
sible to include detection data being generated during the first 
frame period in detection data used to calculate the touch 
position 5420. That is, the detection data being generated 
during the first frame period is used to calculate the touch 
position. 
(0250 On the other hand, as a result of the determination in 
operation 5410, if it is determined that the touch start point T. 
is after the first light emitting device is turned on during the 
first frame period among frame periods corresponding to the 
touch duration TPD, it is possible to ignore detection data 
being generated during the first frame period in operation 
543O. 
0251. Then, the touch position is operated using the detec 
tion data in operation 5440, and data about the touch position 
can be output according to a result of the operation in opera 
tion 5450. 
0252 Alternatively, as shown in FIG. 54, when the touch 

is terminated at a time point T. during the fifteenth frame 
period F15 among a plurality of frame period F11 through 
F15, it is possible to ignore detection data that is generated 
during the fifteenth frame period F15, that is, the last frame 
period among frame periods corresponding to a touch dura 
tion TPD from a touch start time point to a touch end time 
point T. 
0253 As such, the reason for which the detection data 
being generated during the last frame period among the frame 
periods corresponding to the touch duration TPD from the 
touch start time point to the touch end time point T is ignored 
when the touch position is calculated may be about the same 
as the reason for which the detection data being generated 
during the first frame period is ignored. 
0254. If the touch end time point T is present after the last 
light emitting device is turned off during a predetermined 
frame period, detection data about the touch position that is 
generated during the corresponding frame period is not 
ignored but used to output the touch position. 
(0255 For example, as shown in FIG.55, when the touch 
end time point T is within the fourteenth frame period F14, 
and a touch is made after the driving signal DS is Supplied to 
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the last light emitting device, that is, fourth vertical light 
emitting device EV4 during the fourteenth frame period F14, 
the detection data about the touch position that is generated 
during the fourteenth frame period F14 can include accurate 
information about the touch position. Therefore, as shown in 
FIG.55, it may not ignore the detection data about the touch 
position that is generated during the fourteenth frame period 
F14. 
0256 Alternatively, it may be possible to ignore all the 
detection data being generating during the first frame period 
and the last frame period among the frame periods corre 
sponding to the touch duration TPD between the touch start 
time point T and the touch end time point T. 
0257 For example, as shown in FIG. 56, when a touch 
starts at a time point T. during the second frame period F2 
among the plurality of frame periods F1 through F5 and ends 
at a time point T., it is possible to ignore detection data being 
generated the first frame period, that is, the second frame 
period F2 and the last frame period, that is, the fifth frame 
period F5 among the frame periods corresponding to the 
touch duration TPD between the touch start time point Tand 
the touch end time point T. 
0258. In this case, the touch position can be calculated and 
output using the detection data being generated during the 
third frame period F3 and the fourth frame period F4. 
0259 For example, as shown in FIG. 57, when the touch 
ends (5700), it is determined whether the touch end time point 
T is after the last light emitting device is turned off during the 
last frame period among the frame periods corresponding to 
the touch duration TPD in operation 5710. In other words, it 
is determined whether the touch end time point T. corre 
sponds to the last light emitting device during the last frame 
period among the frame periods corresponding to the touch 
duration TPD. 
0260. As a result of the determination, if it is determined 
that the touch end time point T is after the last light emitting 
device is turned off during the last frame period among the 
frame periods corresponding to the touch duration TPD, it is 
possible to include the detection data being generated during 
the last frame period in the detection data used to calculate the 
touch position in operation 5720. That is, the detection data 
being generated during the last frame period is used to calcu 
late the touch position. 
0261. On the other hand, as a result of the determination in 
operation 5710, if it is determined that the touch end time 
point T is before the last light emitting device is turned off 
during the last frame period among the frame periods corre 
sponding to the touch duration TPD, it is possible to ignore 
the detection data being generated during the last frame 
period in operation 5730. 
0262 Then, the touch position is operated using the detec 
tion data in operation 5740, and data about the touch position 
can be output according to a result of the operation in opera 
tion 5750. 

0263. If the touch start time point T and the touch end 
time point T are within one frame period or within two 
consecutive frame periods, information about the touch posi 
tion may not be output. 
0264. For example, as shown in (A) of FIG. 58, when the 
touch start time point T is within the second frame period F2 
among the plurality of frame periods F1 through F5 and the 
touch end time point T is within the third frame period F3 
following the second frame period F2, both detection data 
being generated during the second frame period F2 and detec 
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tion data being generated during the third frame period F3 
may be ignored. In this case, even though the touch has been 
made during part of the second frame period F2 and part of the 
third frame period F3, the detection data generated from the 
second frame period F2 and the third frame period F3 may be 
ignored in order to prevent malfunction due to lack of data 
about the touch position. 
0265 Alternatively, as shown in FIG. (B) of 58, when the 
touch start time point T and the touch end time point T are 
within the second frame period F2, the detection data gener 
ated from the second frame period F2 may be ignored in order 
to prevent malfunction due to lack of data about the touch 
position. 
0266 Alternatively, a virtual frame may be used in order to 
accurately calculate the touch position. 
0267 For example, as shown in FIG. 59, when the touch 
start time point T is within the second frame period F2, it is 
possible to set a virtual frame period FF from the touch start 
time point T. Here, the virtual frame period FF may be about 
the same as one frame period. 
0268 For example, as shown in FIG. 60, when a touch is 
made at a time point T. before the driving signal DS is 
supplied to the fourth horizontal light emitting device EH4 
during the second frame period F2 after the driving signal DS 
is supplied to the third horizontal light emitting device EH3. 
a period of time before the driving signal DS is supplied to the 
fourth horizontal light emitting device EH4 during the next 
frame, the third frame period F3 from the time point T. may 
be newly set to the virtual frame period FF. 
0269. Here, the virtual frame period FF may overlap the 
second frame period F2 and also overlap the third frame 
period F3 for a predetermined duration OLP. That is, the 
virtual frame period FF partially overlaps the second frame 
period F2 and the third frame period F3. 
0270. In addition, it is possible to operate the touch posi 
tion by using detection data that is generated during the Vir 
tual frame period FF. 
0271 Since the touch start time point T is within the 
second frame period F2, the detection data being generated 
during the second frame period F2 is not complete, while the 
detection data being generated during the virtual frame period 
FF including the parts of the second frame period F2 and the 
third frame period F3 is complete enough to accurately cal 
culate the touch position. For this reason, the detection data 
being generated during the virtual frame period FF can be 
used. 

0272. In addition, while the detection data being generated 
during the virtual frame period FF is used to operate the touch 
position, detection data that is generated from the next frame 
period, that is, the third frame period F3 may be used to 
calculate the touch position. 
0273 That is, the detection data corresponding to the vir 
tual frame period FF from the touch start time point T is used 
to calculate the touch position, and the second frame period 
among the frame periods corresponding to the touch duration 
TPD, that is, a frame period following the frame period cor 
responding to the touch start time point T. can be used to 
calculate the touch position. 
0274 For example, as shown in (A) of FIG. 61, when the 
touch start time point T is within the second frame period F2. 
detection data corresponding to the virtual frame period FF 
starting from the touch start time point T is used to calculate 
the touch position, and as shown in (B) of FIG. 61, detection 
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data corresponding to the third frame period F3, the fourth 
frame period F4, and the fifth frame period F5 can be used to 
calculate the touch position. 
0275. In this case, detection data corresponding to the 
duration OLP for which the virtual frame period FF and the 
third frame period F3 overlap may be used again. For 
example, as shown in FIG. 60, in the third frame period F3. 
detection data acquired according to the light emission of the 
first, second, and third horizontal light emitting devices EH1 
to EH3 are used twice in order to calculate the touch position. 
0276 Alternatively, the virtual frame period FF may be 
continuously set for the touch duration TPD between the 
touch start time point T and the touch end time point T. 
0277 For example, as shown in FIG. 62, when the touch 
start time point T is within the first frame period F1, and the 
touch end time point T is within the fifth frame period F5, 
first, second, and third virtual frame periods FF1, FF2, and 
FF3 may be set in a sequential manner from the touch start 
time point T. In addition, detection data corresponding to the 
first, second, and third virtual frame periods FF1, FF2, and 
FF3 may be used to calculate the touch position. In this case, 
the detection data corresponding to the first, second, third, 
fourth, and fifth frame periods F1 through F5 may not be used. 
0278. In addition, detection data corresponding to a dura 
tion DF between the last virtual frame period, that is, the third 
virtual frame period FF3 and the touch end time point T. 
0279. In addition, when the method of setting the virtual 
frame period FF is used, the touch position can be calculated 
if the touch duration TPD between the touch start time point 
T and the touch end time point T is longer than or equal to 
one frame period. 
0280 For example, even when the touch start time point 
T is within the second frame period F2 among the plurality 
of frame periods F1 through F5, and the touch end time point 
T is within the third frame period F3 following the second 
frame period F2, the length of the touch duration TPD 
between the touch start time point T and the touch end time 
point T is equal to or longer than that of one frame period, it 
is possible to set the virtual frame period FF within the touch 
duration TPD. Accordingly, even when the touch start time 
point T is within the second frame period F2 among the 
plurality of frame periods F1 through F5, and the touch end 
time point T is within the third frame period F3 following the 
second frame period F2, the touch position can be calculated. 
0281 Hereinafter, a method of making the number of light 
emitting devices that are turned on for the touch duration TPD 
between the touch start time point T and the touch end time 
point T from the number of light emitting devices that are 
turned on for a non-touch duration NTPD will be described. 
0282. The number of light emitting devices that are turned 
on during at least one frame for a touch duration between a 
time point at which a touch is made and a time point at which 
the touch is completed may be greater than the number of 
light emitting devices that are turned on during at least one 
frame for a non-touch duration for which no touch is made. 
0283 For example, referring to FIG. 64, when the touch 
start time point T is within the second frame period F2, the 
touch duration TPD is set from the touch start time point T. 
and the first frame period F1 may be included in the non-touch 
duration NTPD. 
0284. In this case, the number of light emitting devices 
that are turned on during first frame period F1 may be smaller 
than that of light emitting devices that are turned on during a 
frame period, which is included in the touch duration TPD, 
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that is, the fifth frame period F5. That is, during the frame 
period for which no touch is made, a smaller number of light 
emitting devices are turned on to thereby reduce power con 
Sumption. 
0285. In other words, during the first frame period F1, 
which is included in the non-touch duration NTPD, at least 
one light emitting device may not be turned on. For example, 
as shown in FIG. 64, even (or odd) numbered light emitting 
devices among the plurality of light emitting devices may not 
be turned on. 
0286. In addition, during the fifth frame period F5 corre 
sponding to the touch duration TPD, the plurality of light 
emitting device may be turned on in a sequential manner. 
0287 Alternatively, during two different frame periods, 
which are included in the non-touch duration NTPD, different 
light emitting devices may be turned on. 
0288 For example, as shown in FIG. 65, when the first and 
second frame periods F1 and F2 are included in the non-touch 
duration NTPD, at least one of the light emitting devices that 
are turned on during the first frame period F1 may not be 
turned on during the second frame period F2, or at least one of 
the light emitting devices that are turned on during second 
frame period F2 may not be turned on during the first frame 
period F1. For example, during the horizontal light emitting 
devices EH1 through EH6 may be turned on during the first 
frame period F1, and the vertical light emitting devices EV1 
through EV4 may be turned on during the second frame 
period F2. 
0289 Alternatively, as shown in FIG. 66, a time gap TG2 
in turn-on time between two light emitting devices that are 
sequentially turned on during the fifth frame period F5 cor 
responding to the touch duration TPD may be greater than a 
time gap TG1 in turn-on time between two light emitting 
devices that are sequentially turned on during the first frame 
period F1 corresponding to the non-touch duration NTPD. 
0290. In other words, the time gap TG2 between driving 
signals DS that are individually supplied to the two light 
emitting devices being sequentially turned on during the fifth 
frame period F5 corresponding to the touch duration TPD 
may be greater than the time gap TG1 between driving signals 
DS that are individually supplied to the two light emitting 
devices being sequentially turned on during the first frame 
period F1 corresponding to the non-touch duration NTPD. 
0291. In the case of a frame period that overlaps the touch 
duration TPD and the non-touch duration NTPD, the number 
of light emitting devices that are turned on may be smaller 
than that of light emitting devices that are turned on during a 
frame period included in the touch duration TPD and greater 
than that of light emitting devices that are turned on during a 
frame period included in the non-touch duration NTPD. 
0292 For example, as shown in FIG. 67, when the touch 
start time point T is within the second frame period F2, the 
second frame period F2 may overlap the touch duration TPD 
and the non-touch duration NTPD. 
0293. In this case, driving signals DS may be supplied to 
odd numbered light emitting devices until the touch start time 
point T within the second frame period F2, while driving 
signals DS may not be Supplied to even numbered light emit 
ting devices. In addition, driving signals DS may be supplied 
to odd numbered light emitting devices and even numbered 
light emitting devices after the touch start time point T. 
within the second frame period F2. 
0294 Moreover, during the first frame period F1, included 
in the non-touch duration NTPD, as shown in FIG. 64, driving 
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signals DS may not be Supplied to even numbered light emit 
ting devices, and during the fifth frame period F5, included in 
the touch duration TPD, driving signals DS may be supplied 
to odd numbered light emitting devices in a sequential man 

. 

0295. In this case, the number of light emitting devices 
that are turned on during the second frame period F2 may be 
greater than that of light emitting devices that are turned on 
during the first frame period F1 and smaller than that of light 
emitting devices that are turned on during the fifth frame 
period F5. 
0296. Even in this case, it is also possible to ignore the 
detection data corresponding to the second frame period F2. 
0297 Alternatively, as shown in FIG. 68, when the touch 
end time point T is within the fourth frame period F4, the 
fourth frame period F4 may overlap the touch duration TPD 
and the non-touch duration NTPD. 
0298. In this case, driving signals DS may be supplied to 
light emitting devices in a sequential manner until the touch 
end time point T within the fourth frame period F4. In addi 
tion, a driving signal DS may not be supplied to every other 
light emitting device after the touch end time point T. within 
the fourth frame period F4. 
0299. In this case, the number of light emitting devices 
that are turned on during the fourth frame period F4 may be 
Smaller than that of light emitting devices that are turned on 
during the first frame period F1 and greater than that of light 
emitting devices that are turned on during the fifth frame 
period F5. 
0300 Even in this case, it is possible to ignore the detec 
tion data corresponding to the fourth frame period F4. 
0301 According to embodiments of the present invention, 
a touch panel and a display apparatus having the same use a 
light emitting device and a light receiving device, thereby 
detecting a position, at which a touch is made, more quickly 
and accurately. 
0302) While the present invention has been particularly 
shown and described with reference to exemplary embodi 
ments thereof, it will be understood by those of ordinary skill 
in the art that various changes in form and details may be 
made therein without departing from the spirit and scope of 
the present invention as defined by the following claims. 
What is claimed is: 
1. A touch panel comprising: 
a Substrate; and 
a plurality of optical devices arranged on the Substrate, 
wherein a distance between two adjacent optical devices of 

the plurality of optical devices gradually decreases 
toward a corner of the substrate. 

2. The touch panel of claim 1, wherein the optical devices 
comprise one or more light emitting devices for emitting light 
and one or more light receiving devices for receiving the light 
emitted by the light emitting devices. 

3. The touch panel of claim 2, wherein a distance between 
two adjacent light receiving devices of the light receiving 
devices gradually decreases toward the corner of the sub 
Strate. 

4. The touch panel of claim 2, wherein a distance between 
two adjacent light emitting devices of the light emitting 
devices gradually decreases toward the corner of the sub 
Strate. 

5. The touch panel of claim 2, wherein a distance between 
a light emitting device and a light receiving device, adjacent 
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to each other, among the light emitting devices and the light 
receiving devices gradually decreases toward the corner of 
the substrate. 

6. The touch panel of claim 2, wherein a number of the light 
receiving devices is greater than that of the light emitting 
devices. 

7. The touch panel of claim 1, wherein at least one of the 
optical devices is arranged at the corner of the Substrate. 

8. A touch panel comprising: 
a Substrate; and 
optical devices arranged on the Substrate, 
wherein the optical devices comprise a light emitting 

device for emitting light and a light receiving device for 
receiving the light emitted by the light emitting device, 
and 

a direction to which a light emitting Surface of at least one 
of the light emitting devices, arranged next to each other, 
directs is different from a direction to which a light 
emitting Surface of at least one of other light emitting 
devices. 

9. The touch panel of claim 8, wherein the optical devices 
comprise first, second, and third light emitting devices, 

the first light emitting device is arranged closer to a center 
of the Substrate than the second light emitting device, 
and the second light emitting device is arranged closer to 
the center of the substrate than the first light emitting 
device, and 

an angle between a direction to which the light emitting 
Surface of the first light emitting device directs and a 
direction to which the light emitting surface of the third 
light emitting device directs is greater than an angle 
between the direction to which the light emitting surface 
of the first light emitting device directs and a direction to 
which the light emitting Surface of the second light emit 
ting device directs. 

10. The touch panel of claim8, whereina distance between 
two adjacent optical devices among the optical devices gradu 
ally decreases toward a corner of the substrate. 

11. A display apparatus comprising: 
a display panel; and 
a plurality of optical devices arranged around an edge of 

the display panel, 
wherein a distance between two adjacent optical devices of 

the plurality of optical devices gradually decreases 
toward a corner of the display panel. 

12. A display apparatus comprising: 
a display panel comprising an active area on which an 

image is displayed and a dummy area arranged outside 
the active area; and 

a plurality of optical devices arranged in the dummy area of 
the display panel, 

wherein at least one of the plurality of optical devices does 
not overlap the active area in a direction parallel to a 
short side of the active area and a direction parallel to a 
long side of the active area. 

13. The display apparatus of claim 12, wherein a distance 
between two adjacent optical devices of the plurality of opti 
cal devices gradually decreases toward a corner of the display 
panel. 

14. The display apparatus of claim 12, wherein the optical 
device not overlapping the active area in the direction parallel 
to the short side of the active area and the direction parallel to 
the long side of the active area is arranged at a corner of the 
dummy area. 
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15. A display apparatus comprising: 
a display panel comprising an active area on which an 

image is displayed and a dummy area arranged outside 
the active area; and 

a plurality of optical devices arranged in the dummy area of 
the display panel, 

wherein the plurality of optical devices comprise light 
emitting devices for emitting light and light receiving 
devices for receiving the light emitted by the light emit 
ting devices, and 

a direction to which a light emitting Surface of at least one 
of the light emitting devices, arranged next each other, 
directs is different from a direction to which a light 
emitting Surface of at least one of other light emitting 
devices. 

16. A display apparatus comprising: 
a display panel comprising an active area on which an 

image is displayed and a dummy area arranged outside 
the active area; and 
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a plurality of optical devices arranged in the dummy area of 
the display panel, 

wherein a distance between an end of the dummy area and 
the optical devices is smaller than a distance between the 
optical devices and the active area. 

17. The display apparatus of claim 16, wherein a number of 
the optical devices per unit distance in a first part adjacent to 
a corner of the dummy area is greater than a number of the 
optical devices per unit distance in a second part located 
farther from the corner than the first part. 

18. The display apparatus of claim 16, wherein the optical 
devices comprise at least one light emitting device for emit 
ting light and at least one light receiving device for receiving 
the light emitted by the at least one light emitting device. 

19. The display apparatus of claim 18, wherein a number of 
the light receiving devices is greater than that of the light 
emitting devices. 
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