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(GB) A system for displaying images is provided. The system 

includes a capacitive touch sensor device includes a dielectric 
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O O level lower than the first level of the dielectric layer and 
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SYSTEMIS FOR DISPLAYING MAGES 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The invention relates to a touch panel display tech 
nology, and in particular to a capacitive touch sensor device 
for a touch panel display. 
0003 2. Description of the Related Art 
0004. A touch sensor device is typically integrated with a 

flat panel display device (such as an LCD, AMOLED or the 
like) to form a touch panel display. Touch panel displays are 
typically mounted on electronic devices, such as portable 
personal computers, personal digital assistants (PDAs), elec 
tronic books, projectors, mobile phones, and the like. The 
touch panel display is capable of conducting input functions 
by a finger, a stylus, a pen, or the like. Generally, touch panel 
displays are divided into resistive type, capacitive type, 
acoustic wave type, and optical type touch panel displays 
according to the sensing method applied, in which the capaci 
tive touch panel display has gained an increasing amount of 
attention and popularity because it has good touch sensitivity 
and structural stability. 
0005 FIG. 1 illustrates a plan view of an arrangement of 
sense electrodes for a conventional capacitive touch sensor 
device. The capacitive touch sensor device 100 typically 
includes a plurality of series of sense electrodes 101 and a 
plurality of series of sense electrodes 103 underlying the 
plurality of series of sense electrodes 101, in which each 
series of sense electrodes 101 is perpendicular to each series 
of sense electrodes 103 as viewed from a top-view perspec 
tive. Each series of sense electrodes 101 is connected to a 
connection line 101a and each series of sense electrodes 103 
is connected to a connection line 103a. The connections lines 
101a and 103a are disposed on a border region that is typi 
cally on two orthogonal sides of the sensor device 100, such 
that the series of sense electrodes 101 can be electrically 
connected to external circuits (not shown) by the connections 
lines 101a and 103a. 
0006 For some touch panel displays, particularly those 
applied in mobile devices, such as mobile phones and PDAs, 
it is desirable to minimize the width of the border region 
around the display to reduce dimensions thereof. The connec 
tion lines in the border region, however, are typically disposed 
on two orthogonal sides of the touch panel display, which 
fixes the width of the border region, making reduction of the 
dimensions of the border region very difficult. 
0007 Accordingly, there exists a need in the art for devel 
opment of a touch sensor device, capable of reducing the 
width of the border region. 

BRIEF SUMMARY OF THE INVENTION 

0008. A detailed description is given in the following 
embodiments with reference to the accompanying drawings. 
Systems for displaying images are provided. An exemplary 
embodiment of a system for displaying images comprises a 
capacitive touch sensor device comprising a dielectric layer 
having a sensing area and covered by a transparent Substrate. 
A plurality of series of first sense electrodes and a plurality of 
series of second sense electrodes are embedded in a first level 
of the dielectric layer and within the sensing area. Each series 
of first sense electrodes extends along a first direction and 
each series of second sense electrodes extends along a second 
direction substantially different from the first direction. A 
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plurality of signal lines are embedded in a second level lower 
than the first level of the dielectric layer and extends along the 
second direction. Each signal line is correspondingly and 
electrically connected to one of the plurality of series of first 
sense electrodes. 

BRIEF DESCRIPTION OF DRAWINGS 

0009. The invention can be more fully understood by read 
ing the Subsequent detailed description and examples with 
references made to the accompanying drawings, wherein: 
0010 FIG. 1 is a plan view of an arrangement of sense 
electrodes for a conventional capacitive touch sensor device; 
0011 FIG. 2A is a plan view of an embodiment of a system 
for displaying images including a capacitive touch sensor 
device according to the invention; 
0012 FIG. 2B is a cross section along 2B-2B' line shown 
in FIG. 2A; 
0013 FIG. 3 is a plan view of another embodiment of a 
system for displaying images including a capacitive touch 
sensor device according to the invention; 
0014 FIG. 4 is a plan view of yet another embodiment of 
a system for displaying images including a capacitive touch 
sensor device according to the invention; and 
0015 FIG. 5 schematically shows another embodiment of 
a system for displaying images. 

DETAILED DESCRIPTION OF INVENTION 

(0016. The following description is of the best-contem 
plated mode of carrying out the invention. This description is 
provided for the purpose of illustrating the general principles 
of the invention and should not be taken in a limiting sense. 
The scope of the invention is best determined by reference to 
the appended claims. 
0017 Systems for displaying images are provided. Refer 
ring to FIGS. 2A and 2B, in which FIG. 2A is a plan view of 
an embodiment of a system for displaying images including a 
capacitive touch sensor device 200 according to the invention 
and FIG. 2B is the cross section along 2B-2B' line shown in 
FIG. 2A. In the embodiment, the capacitive touch sensor 
device 200 comprises a transparent substrate 201, a dielectric 
layer 203, a plurality of series of first sense electrodes 204, a 
plurality of series of second sense electrodes 202, and a 
plurality of signal lines 206. The transparent substrate 201 is 
directly touched by an input means, such as a finger, a stylus, 
a pen, or the like. The transparent substrate 201 may be 
comprised of glass, quartz, or other flexible or inflexible 
polymer transparent materials. 
(0018. The dielectric layer 203 (shown in FIG. 2B) is cov 
ered by the transparent substrate 201 and has a sense area 
203a (shown in FIG. 2A) for disposing sense electrodes. In 
the embodiment, the dielectric layer 203 may comprise a 
single layer, such as a silicon oxide layer, silicon nitride layer 
or other transparent insulating polymer layer, or multiple 
layers, such as Stacked silicon oxide layers, silicon nitride 
layers, other transparent insulating polymer layers, or com 
bination thereof. 
(0019. The plurality of series of first sense electrodes 204 
and the plurality of series of second sense electrodes 202 are 
embedded in a first level of the dielectric layer 203 and within 
the sensing area 203a. In the embodiment, each series of first 
sense electrodes 204 extends along a first direction and each 
series of second sense electrodes 202 extends along a second 
direction different from the first direction. For example, the 
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first direction is parallel to a horizontal direction with respect 
to FIG. 2A, and the second direction is parallel to a vertical 
direction with respect to FIG. 2A, such that each series of first 
sense electrodes 204 is substantially perpendicular to each 
series of second sense electrodes 202. In some embodiments, 
the second direction may not be perpendicular to the first 
direction. In the embodiment, each series of first sense elec 
trodes 204 and each series of second sense electrodes 202 
may beformed by patterning the same transparent conductive 
layer, such as an indium tin oxide (ITO) or indium Zinc oxide 
(IZO) layer using lithography and etching processes. More 
over, two adjacent second electrodes 202 in the same series of 
second sense electrodes 202 are connected to each other by a 
connection portion 202a that is embedded in the first level of 
the dielectric layer 203 and is formed of the same transparent 
conductive layer as the series of second sense electrodes 202. 
Two adjacent first electrodes 204 in the same series of first 
sense electrodes 204 are connected to each other by two 
interconnects (e.g. conductive plugs/vias) 204a and one con 
nection portion 204c, wherein the connection portion 204c is 
embedded in a second level lower than the first level of the 
dielectric layer 203 and the interconnects 204a are disposed 
between the first and second level of the dielectric layer 203 
for electrically connecting the corresponding connection por 
tion 204c. Note that two interconnects 204a are disposed 
under each first sense electrode 204. In order to simplify and 
clearly exhibit the diagram, only some interconnects 204a are 
depicted. In one embodiment, the connection portion 204c is 
formed of a transparent conductive layer (such as an ITO or 
IZO layer) which is different from the layer used for forma 
tion of the series of first sense electrodes 204. 

0020. The plurality of signal lines 206 are embedded in the 
second level of the dielectric layer 203 and extend along the 
second direction. In one embodiment, the plurality of signal 
lines 206 and the connection portions 204c may beformed by 
patterning the same transparent conductive layer, Such as an 
ITO or IZO layer using lithography and etching processes. In 
the embodiment, the plurality of signal lines 206 and the 
plurality of series of second sense electrodes 202 are alter 
nately arranged as viewed from a top-view perspective. Such 
that only one signal line 206 is disposed between the adjacent 
series of second sense electrodes 202. As a result, the signal 
lines 206 can be uniformly arranged over the sensing area 
203a; thereby minimizing the visibility of the signal lines 
206. In the case where one signal line 206 is disposed between 
the adjacent series of second sense electrodes 202, the num 
ber of the plurality of series of first sense electrodes 204 may 
be one less than that of the plurality of series of second sense 
electrodes 202. Alternatively, the number of the plurality of 
series of first sense electrodes 204 may be one more than or 
equal to that of the plurality of series of second sense elec 
trodes 202. 

0021. Each signal line 206 is correspondingly and electri 
cally connected to one of the plurality of series of first sense 
electrodes 204. For example, each signal line 206 passes 
under one first sense electrode 204 in each series of first 
electrodes 204. Moreover, each signal line 206 is electrically 
connected to the corresponding series of first sense electrodes 
204 by an interconnect (e.g. a conductive plug/via) 204b. 
These interconnects 204b may be visible and make errors in 
the capacitance measurements if they are clustered together 
or arranged in a line. In one embodiment, the interconnects 
204b for each signal line 206 and the corresponding series of 
first sense electrodes 204 are not arranged in a line and are 
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distributed over the sensing area 203a as viewed from a 
top-view perspective to minimize the visibility of the inter 
connects 204b and prevent errors in capacitance measure 
mentS. 

0022. A common electrode layer 208 is embedded in a 
third level lower than the second level of the dielectric layer 
203 and corresponds to the sensing area 203a. Namely, the 
common electrode layer 208 substantially overlaps the entire 
sensing area 203a. In one embodiment, the common elec 
trode layer 208 may be formed of a transparent conductive 
layer (such as an ITO or IZO layer) different from that for 
formation of the first and second sense electrodes 204 and 202 
and the signal lines 206. In the embodiment, the common 
electrode layer 208 and/or the plurality of first sense elec 
trodes 204 may be electrically connected to a ground or a low 
impedance electrode. As a result, the presence of the input 
means. Such as a finger, a stylus, a pen, or the like, above the 
signal line(s) 206 has little effect on the capacitance associ 
ated with the signal line(s) 206, and the capacitances between 
the plurality of the signal lines 206 and the plurality of series 
of second sense electrodes 202 can be reduced. Note that 
changes in these capacitances may produce errors in the out 
put of the touch sensor device 200. 
0023. A plurality of first connection lines 206a corre 
sponds to the plurality of signal lines 206 and a plurality of 
second connection lines 202b corresponds to the plurality of 
series of second sense electrodes 202. In the embodiment, 
each first connection line 206a extends from the correspond 
ing signal line 206 to the outside of the sensing area 203a for 
electrically connecting the corresponding series of first sense 
electrode 204 to external circuits (not shown). Moreover, 
each second connection line 202b extends from the corre 
sponding series of second sense electrodes 202 to the outside 
of the sensing area 203a for electrically connecting the cor 
responding series of second sense electrode 202 to external 
circuits (not shown). In one embodiment, the first connection 
lines 206a may be formed of the same transparent conductive 
layer as that for formation of the signal line 206. Also, the 
second connection line 202b may be formed of the same 
transparent conductive layer as that for formation of the sec 
ond sense electrode 202. In the embodiment, the plurality of 
first connection lines 206a and the plurality of second con 
nection lines 202b are located at the same side of the sensing 
area 203. According to the foregoing embodiments, since the 
connection lines for electrically connecting the sense elec 
trodes to external circuits can be arranged at the same side of 
the sense area of the touch sensor device, the width of the 
border region around the touch panel display can be reduced, 
and thus the dimensions of a touch panel display can also be 
reduced. 

0024. Referring to FIGS. 3 and 4, which illustrate various 
embodiments of a system for displaying images including a 
capacitive touch sensor device according to the invention. 
Elements in FIGS. 3 and 4 that are the same as those in FIGS. 
2A to 2B are labeled with the same reference numbers as in 
FIGS. 2A to 2B and are not described again for brevity. In the 
embodiment shown in FIG. 2A, the touch sensor device 200 
has an aspect ratio of 1:1, and thus the pitch P1 of the adjacent 
series of first sense electrodes 204 is equal to the pitch P2 of 
the adjacent series of second sense electrodes 202. In the 
embodiments shown in FIG. 3 or 4, the touch sensor device 
200 may not have an aspect ratio equal to 1:1, and thus the 
pitch P1 of the adjacent series of first sense electrodes 204 is 
different from the pitch P2 of the adjacent series of second 
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sense electrodes 202. For example, in the embodiments 
shown in FIG.3 or 4, the touch sensor device 200 may have an 
aspect ratio of 4:3 or 16:9, and thus the pitch P1 may be 
greater than the pitch P2. Additionally, although the plurality 
of first connection lines 206a and the plurality of second 
connection lines 202b are located at the same side of the 
sensing area 203 in the embodiment shown in FIG. 2A, the 
plurality of first connection lines 206a and the plurality of 
second connection lines 202b may be located at opposing 
sides of the sensing area 203, respectively, as shown in FIG.4. 
In the embodiment shown in FIG. 4, since the connection 
lines for electrically connecting the sense electrodes to exter 
nal circuits can be arranged at opposing sides, rather than 
orthogonal sides of the sense area of the touch sensor device, 
the width of the border region around a touch panel display 
used in portrait mode can be reduced, and thus the dimension 
of a touch panel display application is also reduced. 
0025 FIG. 5 schematically shows another embodiment of 
a system for displaying images which, in this case, is imple 
mented as a touch panel display 300 or an electronic device 
500 Such as a projector, an electronic book, a laptop computer, 
a mobile phone, a digital camera, a personal digital assistant 
(PDA), a desktop computer, a television, a car display or a 
portable DVD player. The described touch sensor device 200 
can be incorporated into the touch panel display 300. In some 
embodiments, the touch sensor device 200 can be incorpo 
rated into the electronic device 500. As shown in FIG. 5, the 
electronic device 500 comprises the touch panel display 300 
and an input unit 400. Moreover, the input unit 400 is coupled 
to the touch panel display 300 and is operative to provide 
input signals (e.g. image signals) to the touch panel display 
300 to generate images. 
0026. While the invention has been described by way of 
example and in terms of preferred embodiment, it is to be 
understood that the invention is not limited thereto. To the 
contrary, it is intended to cover various modifications and 
similar arrangements (as would be apparent to those skilled in 
the art). Therefore, the scope of the appended claims should 
be accorded the broadest interpretation so as to encompass all 
Such modifications and similar arrangements. 
What is claimed is: 
1. A system for displaying images, comprising: 
a capacitive touch sensor device, comprising: 

a dielectric layer having a sensing area and covered by a 
transparent Substrate; 

a plurality of series of first sense electrodes and a plu 
rality of series of second sense electrodes embedded 
in a first level of the dielectric layer and within the 
sensing area, wherein each series of first sense elec 
trodes extends along a first direction and each series of 
second sense electrodes extends along a second direc 
tion substantially different from the first direction; 
and 

a plurality of signal lines embedded in a second level 
lower than the first level of the dielectric layer and 
extending along the second direction, wherein each 
signal line is correspondingly and electrically con 
nected to one of the plurality of series of first sense 
electrodes. 

2. The system of claim 1, further comprising a plurality of 
first connection lines corresponding to the plurality of signal 
lines and a plurality of second connection lines corresponding 
to the plurality of series of second sense electrodes, wherein 
each first connection line extends from the corresponding 
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signal line to the outside of the sensing area, and each second 
connection line extends from the corresponding series of 
second sense electrodes to the outside of the sensing area. 

3. The system of claim 2, wherein the pluralities of first and 
second connection lines are located at the same side of the 
sensing area. 

4. The system of claim 2, wherein the pluralities of first and 
second connection lines are located at opposing sides of the 
sensing area, respectively. 

5. The system of claim 1, further comprising a common 
electrode layer embedded in a third level lower than the 
second level of the dielectric layer and corresponding to the 
sensing area. 

6. The system of claim 5, wherein the common electrode 
layer is formed of a conductive transparent layer. 

7. The system of claim 5, wherein the common electrode 
layer is electrically connected to a ground or a low impedance 
electrode. 

8. The system of claim 1, wherein the plurality of series of 
first sense electrodes and the plurality of series of second 
sense electrodes are formed of the same conductive transpar 
ent layer. 

9. The system of claim 1, wherein the plurality of signal 
lines is formed of a conductive transparent layer. 

10. The system of claim 1, wherein each first sense elec 
trode in each series of first sense electrodes are electrically 
connected together and each second sense electrode in each 
series of second sense electrodes are electrically connected 
together. 

11. The system of claim 1, wherein each signal line passes 
under one first sense electrode in each series of first sense 
electrodes. 

12. The system of claim 1, wherein each series of first sense 
electrodes are electrically connected to a ground or a low 
impedance electrode. 

13. The system of claim 1, wherein each signal line is 
correspondingly and electrically connected to one of the plu 
rality of series of first sense electrodes by an interconnect, 
wherein the interconnects for each signal line and the corre 
sponding series of first sense electrodes are not arranged in a 
line as viewed from a top-view perspective. 

14. The system of claim 1, wherein the plurality of signal 
lines and the plurality of series of second sense electrodes are 
alternately arranged. 

15. The system of claim 14, wherein the number of the 
plurality of series of first sense electrodes is one more than 
that of the plurality of series of second sense electrodes. 

16. The system of claim 14, wherein the number of the 
plurality of series of first sense electrodes is one less than that 
of the plurality of series of second sense electrodes. 

17. The system of claim 14, wherein the number of the 
plurality of series of first sense electrodes is equal to that of 
the plurality of series of second sense electrodes. 

18. The system as claimed in claim 1, further comprising: 
a touch panel display comprising the capacitive touchsen 

Sor device; and 
an input unit coupled to the touch panel display and opera 

tive to provide input signals to the touch panel display, 
Such that the touch panel display displays images. 
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19. The system of claim 18, wherein the system comprises phone, a digital camera, a personal digital assistant, a desktop 
an electronic device comprising the touch panel display. computer, a television, a car display or a portable DVD player. 

20. The system of claim 19, wherein the electronic device 
is a projector, an electronic book, a laptop computer, a mobile ck 


