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Figure B (Prior Art) 
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Figure 3A 

Figure 3B 
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DAMOND PATTERN ON A SINGLE LAYER 

BACKGROUND 

0001. As computers and other electronic devices become 
more popular, touch-sensing systems are becoming more 
prevalent as a means for inputting data. For example, touch 
sensing systems can be found in automatic teller machines, 
personal digital assistants, casino game machines, mobile 
phones, and numerous other applications. 
0002 Capacitive touch sensing is a widely used technique 
in touch screen industries. Capacitive touch sensors are 
mainly divided in two groups, namely, continuous capacitive 
sensors and discontinuous (patterned) capacitive sensors. In a 
continuous capacitive sensor, the sensor includes a sheet of 
conducting thin film that is electrically excited from four 
corners of the touch screen. The signals induced by a user's 
touch are transmitted from the corners to a controller, where 
they are decoded and translated into coordinates. In a typical 
patterned capacitive touchscreen, the sensor may include one 
or more series of parallel conductive bars that are driven from 
one or both ends with an excitation signal from a controller. 
The signals induced by a user's touch may be transmitted to 
the controller with the same lead lines that excite the sensor 
bars. These signals may then be decoded in the controller and 
the touch coordinates may be reported to a computer. 
0003 Touch sensors utilizing more than one patterned 
sensing layer are often used to determine the coordinates of a 
touch with high accuracy, provided that the sensing layers 
have a Suitable pattern geometry. One example of a touch 
screen assembly 10 that includes two patterned conductive 
layers 12 and 14 is shown in FIG. 1A and FIG. 1B. The 
patterned conductive layers 12 and 14 may be made from a 
transparent conductive material. Such as indium tin oxide 
(ITO), and each layer is generally disposed on a transparent 
Substrate (not shown). Each row of conducting elements of 
each of the sensor layers 12 and 14 includes a series of 
diamond-shaped electrodes that are connected to each other 
with short strips of relatively narrow rectangles. A dielectric 
layer 16 separates the two conductive layers 12 and 14, and 
serves to prevent them from coming into direct contact with 
each other. As an example, the dielectric layer 16 may include 
an adhesive manufactured from any non-conductive, trans 
parent material. 
0004 As shown, the end of each row of the two patterned 
conductive layers 12 and 14 is coupled to one of a set of lead 
lines 18 that are in turn coupled to a controller 20. The 
controller 20 may include circuitry for providing excitation 
currents to the capacitive sensors 12 and 14 and for detecting 
signals generated by the sensors. Further, the controller 20 
may include logic for processing the signals and conveying 
touch information to another part of an electronic device, 
Such as a processor. 
0005. It is against this background that the systems and 
methods for providing a diamond pattern on a single layer 
described herein have been invented. 

SUMMARY 

0006. The following embodiments and aspects of thereof 
are described and illustrated in conjunction with systems, 
tools, and methods which are meant to be exemplary and 
illustrative, and not limiting in Scope. In various embodi 
ments, one or more of the above-described problems have 
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been reduced or eliminated, while other embodiments are 
directed to other improvements. 
0007 According to a first aspect, a touchpanel assembly is 
provided that includes a patterned layer of conductive mate 
rial organized into a plurality of rows of conductive electrodes 
and a plurality of columns of conductive electrodes, wherein 
the conductive electrodes in each row of the plurality of rows 
are continuous, and the conductive electrodes in each column 
of the plurality of columns are discontinuous. The touchpanel 
assembly also includes an insulating material disposed over a 
portion of the conductive material that is at least part of one of 
the plurality of rows, and a printable and conductive connec 
tor disposed over the insulating material and operable to 
electrically couple two conductive electrodes in one column 
of the plurality of columns together. 
0008 According to a second aspect, a method for manu 
facturing a touch panel assembly is provided. The method 
includes providing a Substrate, and forming a layer of trans 
parent conductive material on the substrate. The method fur 
ther includes etching the conductive material to form apattern 
that includes a plurality of rows that each include a plurality 
of electrodes, and a plurality of columns that each include a 
plurality of electrodes, wherein the plurality electrodes in 
each row of the plurality of rows are each coupled together by 
a strip of the conductive material, and wherein the plurality of 
electrodes in each column of the plurality of columns are not 
coupled together by the conductive material. Further, the 
method includes printing an insulating material aligned over 
at least a portion of each of the strips of the conductive 
material, and printing an electrically conductive connector 
over at least a portion of the insulating material Such that at 
least two of the electrodes are coupled together. 
0009. According to a third aspect, a touch panel assembly 

is provided that includes a single patterned layer of conduc 
tive material that includes a plurality of electrodes, wherein at 
least two of the electrodes are not coupled together by the 
conductive material. The touch panel assembly also includes 
an insulating material disposed over a portion of the conduc 
tive material that connects two others of the electrodes 
together, and a printable and conductive connector disposed 
over the insulating material and operable to electrically 
couple two electrodes together. 
0010. In addition to the exemplary aspects and embodi 
ments described above, further aspects and embodiments will 
become apparent by reference to the drawings and by study of 
the following descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIGS. 1A and 1B illustrate a top view and cross 
sectional view of a prior art capacitive touch sensor assembly. 
0012 FIG. 2 illustrates an electronic device that incorpo 
rates an exemplary touch screen sensor assembly. 
0013 FIGS. 3A and 3B illustrate one embodiment of an 
exemplary touch screen sensor assembly. 
0014 FIG. 4 illustrates another embodiment of an exem 
plary touch screen sensor assembly. 

DETAILED DESCRIPTION 

0015 While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, 
that it is not intended to limit the invention to the particular 
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form disclosed, but rather, the invention is to cover all modi 
fications, equivalents, and alternatives falling within the 
Scope and spirit of the invention as defined by the claims. 
0016 FIG. 2 illustrates an electronic device 30 that incor 
porates an exemplary touch screen sensor assembly 32. The 
electronic device 30 may be any device that incorporates a 
touch screen, Such as an automatic teller machine (ATM), a 
personal digital assistant (PDA), a casino game machine, a 
mobile phone, a computer, or any other electronic device. The 
touchscreen sensor assembly 32 may include a single layer of 
transparent patterned conductive material. Such as ITO, that is 
disposed on a Substrate. The touch screen sensor assembly 32 
may also be coupled to control logic 36 that is operable to 
excite the conductive material and to sense touches on or near 
the touch screen sensor assembly 32. As an example, the 
control logic 36 may include a commercial touch screen 
controller oran application specific integrated circuit (ASIC). 
The touch sensor assembly 32 may overlay a display 34, 
which may be any type of display, Such as an LCD display. 
0017 FIGS. 3A and 3B show one embodiment of an 
exemplary touch screen sensor assembly 50. For illustration 
purposes, only a portion of the assembly 50 is shown, as 
indicated by the jagged-edged lines. As shown in FIG.3A, the 
assembly 50 includes a single layer of transparent conductive 
material (e.g., ITO) that is arranged in a pattern of diamond 
shaped electrodes 52 and 54. The transparent conductive 
material may be disposed on a transparent substrate51, which 
may include a polymer (e.g., polyethylene terephthalate 
(PET) or other plastic), glass, or other suitable material. The 
pattern for the conductive material may beformed by suitable 
manufacturing processes that may include depositing the 
conductive material on the substrate 51 and etching the pat 
tern for the conductive material. Further, the diamond-shaped 
electrodes 52 that are arranged in vertical rows are connected 
to each other by a strip 53 of the transparent conductive 
material. Since it is desirable that the electrodes 54 that are 
arranged in horizontal rows do not come into direct electrical 
contact with the electrodes 52, and there is only a single layer 
of conductive material, the electrodes 54 in each horizontal 
row are not connected together by strips of the transparent 
conductive material. Further, similar to the prior art touch 
sensor assembly 10 shown in FIG. 1, the electrodes 52 and 54 
that are positioned at the ends of a row are coupled to lead 
lines (e.g., lead lines 56), which may in turn be coupled to a 
controller (e.g., the control logic 36 shown in FIG. 2). The 
controller may be a custom made controller, or a touch con 
troller offered by various manufacturers such as Cypress 
Semiconductor, Analog Devices, Atmel, Synaptics, and oth 
ers. FIG. 3B illustrates the touch screen sensor assembly 50 
that includes a plurality of connectors 64 that are operable to 
electrically couple adjacent electrodes 54 in each horizontal 
row so that all of the electrodes 54 may be electrically coupled 
to a controller through lead lines. To ensure that the connec 
tors 64 do not electrically contact the vertical electrodes 52. 
patches of insulating material 58 may be positioned above the 
strips 53 that connect the vertical rows of electrodes 52. The 
insulating material 58 may be placed over the strips 53 by any 
manufacturing method, such as printing, spin coating then 
etching, or the like. The insulating material 58 may be con 
figured form any Suitable material. Such as various organic 
and inorganic insulating materials. The connectors 64 are 
each coupled to the electrodes 54 at the connection points 62. 
0018. The connectors 64 are made of a transparent mate 

rial that may be printed directly onto the surface of the assem 
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bly 50 without requiring any other process. For example, the 
connectors may be made of transparent, conductive carbon 
nanotubes. 
0019 FIG. 4 illustrates another embodiment of an exem 
plary touch screen sensor assembly 60. In this embodiment, a 
plurality of strips 59 of insulating material is applied over the 
vertical rows of electrodes 52 and in between the electrodes 
54 that are disposed in horizontal rows. This configuration 
may be desirable for a number of reasons, including the 
simplification of the manufacturing process. Also in this 
embodiment, a single connector 65 in each horizontal row 
functions to electrically couple an entire row of electrodes 54 
together via connection points 62. This configuration may 
have the advantage of simpler manufacturing, and may also 
improve the touch sensitivity. 
0020. It should be appreciated that the features of the 
touch screen assemblies described herein provide several 
advantages. For example, providing an assembly with only a 
single layer of conductive material may reduce the cost and 
complexity of the manufacturing process. Further, using 
transparent carbon nanotubes for the connectors 64 and 65 
may permit the width of the connectors to be greater than the 
width of another material that is less transparent (e.g., a 
metal), which may further reduce the cost of manufacturing, 
and reduce the electrical resistance of the connectors. Addi 
tionally, using a material that may be printed rather than 
etched for the connectors 64 and 65 may further reduce the 
cost and complexity of the manufacturing process. Those 
skilled in the art will readily recognize other advantages that 
are provided by the touch screen assemblies described and 
claimed herein. 
0021 While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
Such illustration and description is to be considered as exem 
plary and not restrictive in character. For example, certain 
embodiments described hereinabove may be combinable 
with other described embodiments and/or arranged in other 
ways (e.g., process elements may be performed in other 
sequences). Accordingly, it should be understood that only 
the preferred embodiment and variants thereof have been 
shown and described and that all changes and modifications 
that come within the spirit of the invention are desired to be 
protected. 
What is claimed: 
1. A touch panel assembly comprising: 
a patterned layer of conductive material organized into a 

plurality of rows of conductive electrodes and a plurality 
of columns of conductive electrodes, wherein the con 
ductive electrodes in each row of the plurality of rows 
are continuous, and the conductive electrodes in each 
column of the plurality of columns are discontinuous; 

an insulating material disposed over a portion of the con 
ductive material that is at least part of one of the plurality 
of rows; 

a printable and conductive connector disposed over the 
insulating material and operable to electrically couple 
two conductive electrodes in one column of the plurality 
of columns together. 

2. The touch panel assembly of claim 1, wherein the con 
ductive material includes indium tin oxide (ITO). 

3. The touch panel assembly of claim 1, wherein the print 
able and conductive connector includes carbon nanotubes. 

4. The touch panel assembly of claim 1, wherein the con 
ductive electrodes are substantially diamond shaped. 
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5. The touch panel assembly of claim 1, further compris 
1ng: 

a glass Substrate, wherein the patterned layer of conductive 
material is disposed thereon. 

6. The touch panel assembly of claim 1, further compris 
1ng: 

a plastic Substrate, wherein the patterned layer of conduc 
tive material is disposed thereon. 

7. The touch panel assembly of claim 1, further compris 
1ng: 

a plurality of lead lines each coupled to one or more of the 
electrodes; 

a controller coupled to the lead lines. 
8. The touch panel assembly of claim 1, wherein the insu 

lating material includes organic insulating material. 
9. The touch panel assembly of claim 1, wherein the plu 

rality of rows and the plurality of columns are substantially 
orthogonal to each other. 

10. A method for manufacturing a touch panel assembly, 
the method comprising: 

providing a Substrate; 
forming a layer of transparent conductive material on the 

Substrate; 
etching the conductive material to form a pattern that 

includes a plurality of rows that each include a plurality 
of electrodes, and a plurality of columns that each 
include a plurality of electrodes, wherein the plurality 
electrodes in each row of the plurality of rows are each 
coupled together by a strip of the conductive material, 
and wherein the plurality of electrodes in each column of 
the plurality of columns are not coupled together by the 
conductive material; 

printing an insulating material aligned over at least a por 
tion of each of the strips of the conductive material; and 

printing an electrically conductive connector over at least a 
portion of the insulating material Such that at least two of 
the electrodes are coupled together. 

11. The method of claim 10, further comprising coupling a 
plurality of lead lines to a plurality of the electrodes. 

12. The method of claim 11, further comprising coupling 
the plurality of lead lines to a controller. 
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13. The method of claim 10, wherein the electrically con 
ductive connector includes carbon nanotubes. 

14. The method of claim 10, wherein the conductive mate 
rial includes indium tin oxide (ITO). 

15. The method of claim 10, wherein the each row in the 
plurality of rows is substantially orthogonal to each column in 
the plurality of columns. 

16. A touch panel assembly comprising: 
a single patterned layer of conductive material that 

includes a plurality of electrodes, wherein at least two of 
the electrodes are not coupled together by the conductive 
material; 

an insulating material disposed over a portion of the con 
ductive material that connects two others of the elec 
trodes together, 

a printable and conductive connector disposed over the 
insulating material and operable to electrically couple 
two electrodes together. 

17. The touch panel assembly of claim 16, wherein the 
conductive material includes indium tin oxide (ITO). 

18. The touch panel assembly of claim 16, wherein the 
printable and conductive connector includes carbon nano 
tubes. 

19. The touch panel assembly of claim 16, wherein the 
electrodes are substantially diamond shaped. 

20. The touch panel assembly of claim 16, further compris 
1ng: 

a glass Substrate, wherein the patterned layer of conductive 
material is disposed thereon. 

21. The touch panel assembly of claim 16, further compris 
1ng: 

a plastic Substrate, wherein the patterned layer of conduc 
tive material is disposed thereon. 

22. The touch panel assembly of claim 16, further compris 
1ng: 

a plurality of lead lines each coupled to one or more of the 
electrodes; 

a controller coupled to the lead lines. 
c c c c c 




