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CONDUCTIVE MULTI-TOUCH TOUCH PANEL

RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Application

No. 61/146,685 entitled "Conductive Multi-Touch Touch-Screen Panel" filed January

23, 2009, the entire contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to digital input/output devices, and more

particularly to touch pad user interface and touchscreen display technologies.

BACKGROUND

[0003] Recent mobile computing devices have implemented touchscreen displays that

are capable of recognizing more than one fmger touches. Referred to as "multi-touch"

displays, such touchscreens enable new user interfaces that offer more intuitive

interactions with computing devices. A well known example of a computing device

implementing a multi-touch display is the iPhone® by Apple Computer, Inc. The

market success of the iPhone®has spawned many competitors and new software

applications. Thus, there is a sudden demand for multi-touch displays.

[0004] Conventional multi-touch displays employ capacitive sensors which detect the

touch of a fmger as a change in capacitance in an array of capacitors underlying the

display glass. Descriptions of this technology are provided in U.S. Patent No.

6,323,846 and U.S. Patent Publication No. 2006-0097991, the entire contents of which

are hereby incorporated by reference.

[0005] A second multi-touch display employs two resistive panels positioned one

above the other which are brought into contact by a fmger press on the display glass.

By measuring the voltage drop or effective resistance through the panels a processor

can estimate the location of the fmger press.



SUMMARY

[0006] The various embodiments provide a new type of multi-touch touch pad user

input device and/or touchscreen display panel that employs two arrays of conductive

lines or wires (referred to herein as "linear conductors") that are separated by a gap or

insulator. Pressure by a finger or stylus on the exterior of the panel (e.g., on the cover

or display cover glass) causes one or more conductive lines or wires in a first array to

come into low-resistance electrical contact with one or more conductive lines or wires

in a second array of conductive lines or wires. The location of a touch to the panel

can be detected by sequentially applying a voltage or current to respective conductive

lines or wires in one array while measuring a voltage or current output from each of

the conductive lines or wires in the other array. The location of a touch is then

indicated by the particular conductive line or wire that is coupled to a voltage source

in the first array and the conductive line or wire with a voltage or current output

resulting from the low-resistance contact between the two arrays. Voltage or current

outputs in the second array may be compared to a threshold to output a digital

indication of a touch, or output as a range of value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings, which are incorporated herein and constitute part

of this specification, illustrate exemplary embodiments of the invention, and, together

with the general description given above and the detailed description given below,

serve to explain features of the invention.

[0008] FIGs. IA through ID are component diagrams of a portion of a conductive

multi-touch touch pad or touchscreen panel according to four alternative

embodiments.

[0009] FIGs. 2A through 2C are cross-sectional diagrams of a portion of a conductive

multi-touch touchscreen panel according to three embodiments.



[0010] FIGs. 3A through 3C are cross-sectional diagrams of the portion of a

conductive multi-touch touchscreen panel illustrated in FIGs. 2A through 2C

illustrating activation by a finger touch.

[0011] FIGs. 4A through 4D are component diagrams of a portion of a conductive

multi-touch touch pad or touchscreen panel according to an embodiment illustrating a

touch position read sequence.

[0012] FIGs. 5A through 5C are component diagrams of a portion of a conductive

multi-touch touch pad or touchscreen panel according to another embodiment

illustrating a multi-touch position read sequence.

[0013] FIGs. 6A through 6H are component diagrams of a portion of a conductive

multi-touch touch pad or touchscreen panel according to additional embodiments.

[0014] FIGs. 7A through 7D are component diagrams of a portion of a conductive

multi-touch touch pad or touchscreen panel according to additional embodiment.

[0015] FIG. 8 is a component diagram of a portion of a conductive multi-touch touch

pad or touchscreen panel according to an embodiment illustrating a large area position

read.

[0016] FIG. 9 is a component diagram of a multi-component multi-touch touch pad or

touchscreen panel according to an embodiment.

[0017] FIGs. 1OA through 1OD are process flow diagrams of multi-touch position read

sequences according to alternative embodiments.

[0018] FIG. 11 is a process flow diagram of a multi-touch position read sequence

according to another embodiment.

[0019] FIG. 12 is a detail of a circuit element of an of a conductive multi-touch touch

pad or touchscreen panel.

[0020] FIG. 13 is a process flow diagram of a multi-touch position read sequence

appropriate for use with the embodiment illustrated in FIG. 12.



[0021] FIG. 14 is a component diagram of a portion of a conductive multi-touch touch

pad or touchscreen panel illustrating a potential problem with multi-touch touch pad

or touchscreen panels.

[0022] FIGs. 15A and 15B are a component diagram of a portion of a conductive

multi-touch touch pad or touchscreen panel showing positioning of letters according

to an embodiment.

[0023] FIG. 16 is a component diagram of a portion of a conductive multi-touch touch

pad or touchscreen panel according to an embodiment.

[0024] FIGs. 17A through 17E are component diagrams of a portion of a conductive

multi-touch touch pad or touchscreen panel illustrating how the embodiment shown in

FIG. 16 functions.

[0025] FIG. 18 is a process flow diagram of a multi-touch position read sequence

according to the embodiment illustrated in FIG. 16.

[0026] FIG. 19 is a component block diagram of a computing system employing a

conductive multi-touch touch pad or touchscreen panel according to an embodiment.

[0027] FIG. 20 is a component block diagram of a computing system employing a

conductive multi-touch touch pad or touchscreen panel according to another

embodiment.

[0028] FIG. 2 1 is a component block diagram of a portable computing device

employing a conductive multi-touch touch pad or touchscreen panel.

DETAILED DESCRIPTION

[0029] The various embodiments will be described in detail with reference to the

accompanying drawings. Wherever possible, the same reference numbers will be

used throughout the drawings to refer to the same or like parts. References made to

particular examples and implementations are for illustrative purposes, and are not

intended to limit the scope of the invention or the claims.



[0030] As used herein, the term "mobile device" is intended to encompass any form of

programmable computer as may exist or will be developed in the future, including, for

example, personal computers, laptop computers, mobile computing devices (e.g.,

cellular telephones, personal data assistants (PDA), palm top computers, and

multifunction mobile devices), main frame computers, servers, and integrated

computing systems. "Mobile device" may further include embedded systems

including a programmable computer, including for example programmed and

programmable instruments, entertainment systems (e.g., music players, MP3 devices,

DVD players, etc.), GPS navigation systems, mobile data collection units, vehicle

computer systems (e.g., automobile computer systems, aircraft avionics systems, etc.),

and similar computerized systems employing a touchscreen display or touch pad user

input devices. A mobile device typically includes a software programmable processor

coupled to a memory circuit, but may further include the components described below

with reference to FIGs. 19 through 21.

[0031] As revealed by the popularity of the Apple iPhone ® and its imitators, multi-

touch display panels offer a number of user interface advantages. Consequently, more

applications for multi-touch panels are anticipated. However, current multi-touch

panel technologies suffer from high manufacturing costs which could limit their

application to high-end products. To achieve the benefits that multi-touch panels offer

to users, lower cost technologies are required.

[0032] The various embodiments of a conductive multi-touch panel, such as a touch

pad user input device or touchscreen display, employ two arrays of linear conductors

that are positioned within the panel in an intersecting pattern and electrically separated

by a gap or insulator. In a touchpad panel implementation, the two arrays need not be

transparent and may be protected by a non-transparent cover. In a touchscreen panel

implementation, a display element, such as a liquid crystal display, can be positioned

beneath the two arrays of linear conductors, and the two arrays can be covered by a

transparent plate or transparent array support member. Pressure from a finger or

stylus on the exterior of the cover, transparent plate or transparent member causes one

or more linear conductors in the first array to come into low-resistance contact with



one or more linear conductors in the second array. The location of such a touch to the

panel can be detected by sequentially applying an electrical signal to individual linear

conductors in one array while measuring an output electrical signal, such as a voltage

or current, that is output from the linear conductors in the other array. The location of

a touch is then indicated by the particular linear conductor that is coupled to the

electrical signal (i.e., voltage or current source) in the first array and the linear

conductor exhibiting a voltage or current electrical output signal in the second array

resulting from the low-resistance contact between the two arrays. Electrical output

signals (i.e., voltage or current) in the linear conductors in the second array may be

measured or detected by a sensor which provides an output as a value, or compared to

a threshold to output a digital indication of a touch.

[0033] The resulting output electrical signal, i.e., voltage or current, exhibited on

linear conductors in the second array can be detected or measured by affordable

circuit elements, rendering the various embodiments more affordable than previously

known multi-touch touch-sensitive panels. For example, a comparator circuit, such as

a simple inverter, can be used to provide a digital output reflecting whether a voltage

or current appears on a particular linear conductor. Such comparator or inverter

circuits can be integrated into affordable integrated circuits. Linear conductors can be

configured in arrays using well known lithographic fabrication methods, as well as

other known affordable fabrication methods. Thus, conductive multi-touch touch pad

or touchscreen panels may be less expensive than other technology multi-touch

panels.

[0034] An embodiment of a conductive multi-touch touch pad or touchscreen panel is

illustrated in FIG. IA which is a circuit/component diagram of a portion of the panel

1. The panel 1 includes two arrays of conductive lines or wires 3a-3d, 5a-5d that are

arranged with respect to each other in an intersecting manner. For example, the two

arrays of conductive lines or wires 3a-3d, 5a-5d may be arranged approximately

perpendicular to each other, such that each linear conductor in the first array (e.g., 3a)

crosses the conductive lines or wires in the second array (e.g., 5a-5d) at approximately

right angles, as illustrated in FIG. IA. As is shown more clearly in FIGs. 2A-2C, the



two arrays of conductive lines or wires are electrically separated from each other until

an exterior surface of the panel is touched which may cause one or more conductive

lines or wires in each of the two arrays to come into electrical contact, as is shown in

FIGs. 3A-3C.

[0035] The conductive lines or wires 3a-3d, 5a-5d in the two arrays may be any

conductive material that can be arrayed, applied to or embedded within transparent

support plates or members. Examples of conductive lines include traces of conductive

oxide compounds or thin lines of metals or alloys. Conductive lines may be plated,

sputtered or otherwise deposited on or in a support plate or member. An example of a

preferred conductive material for use in a touchscreen display is indium tin oxide

("ITO" which is also known as tin-doped indium oxide) which is transparent and

colorless in thin layers. Another example is aluminum-doped zinc oxide. A thin film

of ITO or aluminum-doped zinc oxide can be deposited on a transparent plate or

member by electron beam evaporation, physical vapor deposition or a variety of

sputter deposition techniques. Examples of conductive wires include thin wires of

metals or alloys, such as gold, silver, copper, aluminum, etc., or other conductive

materials such as carbon nanotubes. Wires may be applied to a cover (e.g., a

deformable plastic sheet) or transparent plate or member, or formed on a cover,

transparent plate or member by electron beam evaporation, physical vapor deposition

or a variety of sputter deposition techniques. In order to simplify the descriptions of

the embodiments and claim language, the term "linear conductors" is used herein to

refer generally to conductive lines or wires. Thus, the reference to a "linear

conductor" encompasses conductive lines (e.g., a linear film of ITO) and wires.

Further, references to "linear conductor" are not intended to require or imply that the

conductive lines or wires are necessarily configured in straight lines. Preferably linear

conductors are transparent or sufficiently thin so not to block or dim an underlying

display element in a touchscreen panel implementation.

[0036] While FIG. IA illustrates the two arrays of linear conductors oriented at right

angles to each other, the two arrays may be arranged in any intersecting (i.e.,

nonparallel) orientation. Also, while FIG. IA shows the two arrays of linear



conductors oriented horizontally and vertically within the plane of the figure, the

directions of the two arrays and the orientation of the panel 1 itself are arbitrary. To

simplify the descriptions of the various embodiments reference is made herein to

"horizontal" and "vertical" linear conductors, as well as to "rows" and "columns." As

one of skill in the art will appreciate, the circuits coupled to the vertical (or column)

linear conductors in the following descriptions may be coupled instead to the

horizontal (or row) linear conductors and vice versa without changing the nature and

operation of the various embodiments. Therefore, references herein to "horizontal,"

"row," "vertical" and "column" are for illustrative purposes only and should not be

construed as implying or requiring that the so referenced linear conductors are limited

to horizontal or vertical orientations within particular embodiments.

[0037] While the figures illustrate embodiments which have near equal linear

conductor pitch densities (i.e., the number of linear conductors per unit length along a

line perpendicular to the linear conductors), this is for illustration purposes only.

Other embodiments may employ first and second arrays of linear conductors which

have different pitch densities. For example, the second array of linear conductors 5a-

5d could include more linear conductors per unit length than the first array of linear

conductors 3a-3d. Such an embodiment would provide a panel with greater horizontal

sensitivity. Also, the linear conductor pitch densities of the first and second arrays

may vary across the area of the panel. For example, the pitch density of the first and

second arrays may be greater near the center of each array than at the edges. Such an

embodiment would provide a panel with greater sensitivity in the center of the display

than along the edges.

[0038] In the embodiment illustrated in FIG. IA, the applied electrical signal may be

in the form of a voltage source (V DD) that is individually connected to each of the

linear conductors 3a-3d in one (e.g., horizontal) array, such as by switches 1Ia-I Id.

A comparator circuit 7a-7d and a resistor 9a-9d coupled to ground is connected to

each of the linear conductors 5a-5d in the other (e.g., vertical) array. So arranged,

when one of the linear conductors in one array (e.g., 5b) is brought into electrical

contact with a linear conductor in the other array (e.g., 3b), an electrical circuit is



formed between the voltage source and a comparator circuit (e.g., 7b) when a switch

(e.g., 1Ib) connected to the one contacted linear conductor (e.g., 3b) is closed. As a

result of this contact the contacted vertical line is pulled up to VDD, while the non-

contacted vertical lines are pulled down to ground via the weak resistors 9a-9d. The

weak resistors 9a-9d coupled to ground insure that the comparator circuit 7a-7d senses

low or no voltage when there is no electrical connection between the two arrays.

When one of the linear conductors in one array (e.g., 5b) is brought into electrical

contact with a linear conductor in the other array (e.g., 3b), the comparator circuit

(e.g., 7b) senses the applied voltage, and can output a signal (e.g., a "1" or "0") if the

applied voltage exceeds a threshold. In this manner, the contact between linear

conductors in the two arrays can be detected. Since the particular switch (e.g., 1Ib)

that was closed and the comparator circuit (e.g., 7b) detecting voltage are known, the

point of intersection can be determined as the point of intersection between the

associated linear conductors (e.g., 3b and 7b).

[0039] While FIG. IA (and other figures) show an embodiment in which linear

conductors are connected to a voltage source V DD (i-e., the applied electrical signal is

VDD) one of skill in the art would appreciate that an equivalent circuit may be utilized

in which the applied electrical signal comprises connecting the linear conductors to

ground (GND) (which may also be considered a zero voltage source). An example of

this embodiment is illustrated in FIG. IB. In the embodiment illustrated in FIG. IB,

the columns 5a-5d may be pulled up to V DD through resistors 9a-9d, while and the row

conductors 3a-3d may be selectively connected to ground (the applied electrical

signal) so that when the panel is touched the contacted column(s) is shorted to ground

through the contacted row. As a result of this contact the contacted vertical line is

pulled down to ground, while the non-contacted vertical lines are pulled up to V DD via

the weak resistors 9a-9d. The structure of this alternative embodiment illustrated in

FIG. IB is very similar to that illustrated in FIG. IA with the exception of the

connections to voltage and ground which are switched. Thus, references herein and in

the claims to connecting a conductor to a voltage source may include connecting the

conductor to a ground (i.e., 0 voltage source).



[0040] While FIGs. IA and IB illustrate embodiments coupling a voltage source to

one array or the other, other embodiments may use current sources as the applied

electrical signal. Examples of two alternative embodiments are illustrated in FIGs. 1C

and ID.

[0041] In the embodiment illustrated in FIG. 1C, a strong current source 213 (the

applied electrical signal) is selectively coupled to horizontal (for example) conductive

lines 3a-3d via switches 31la-3 1Id, while the vertical (for example) conductive lines

5a-5d are coupled to weak current sinks 209a-209d. In this embodiment, the vertical

lines are pulled-down by the weak current sinks 209a-209d except where a panel

touch results in an electrical contact with a horizontal conductive line 3a-3d that is

coupled to the strong current source 213. The comparator circuits 7a-7d can detect the

voltage or current resulting from a connection to the strong current source 213, and

provide an output indicative of the location of the touch.

[0042] In the embodiment illustrated in FIG. ID, weak current sources 215a-215d are

coupled to the vertical (for example) conductive lines 5a-5d, while the horizontal (for

example) conductive lines 3a-3d are selectively coupled via switches 4 1la-41 Id to a

strong current sink 217 (the applied electrical signal). In this embodiment, the vertical

lines 5a-5d are pulled-up by the weak current sources 215a-215d except where a panel

touch results in an electrical contact with a horizontal conductive line 3a-3d coupled

to the strong current sink 217. The comparator circuits 7a-7d can detect the voltage or

current resulting from a connection to the strong current sink 217, and provide an

output indicative of the location of the touch.

[0043] While not illustrated, further embodiments may employ a combination of the

features illustrated in FIGs. IA- ID. For example, an embodiment may drive

horizontal (for example) lines 3a-3d by selectively shorting them to ground (the

applied electrical signal) while the vertical (for example) lines 5a-5d are pulled up by

weak current sources 215a-215d.

[0044] In the various embodiments illustrated in FIGs. IA- ID the comparator circuit

7a-7d may be any circuit which can detect when an applied voltage or current exceeds



a threshold and output a signal when the threshold is exceeded. A simple example of

such a circuit is an inverter which will output a digital signal that is the opposite of

that apply to the input (e.g., outputting a "1" or positive voltage when the input signal

is a "0" or low/no voltage). The comparator circuit 7a-7d threshold for outputting a

signal can be set at a value that is sufficiently above zero or ground voltage to prevent

false positive readings but sufficiently below the voltage source V DD to ensure a touch

is detected. In particular for the embodiment illustrated in FIG. IA, the voltage

threshold should be less than or equal to the voltage expected when the source voltage

(V DD) is reduced by the resistance of the pull-down resistor and the electrical path

from the voltage source. For example, the voltage threshold may be set using

equation 1:

V th < VDD (Rpd/(Rpd + Rpanel + Rpin)) EQ. 1

where:

Vth is the threshold voltage;

V DD is the source voltage;

Rpd is the resistance of the pull-down resistor;

Rpanei is the resistance through the linear conductors of the panel; and

Rpin is the resistance through the connector pin.

[0045] While the voltage threshold setting equation 1 above is applicable to the

embodiment illustrated in FIG. IA, the other embodiments may utilize similar criteria

as well.

[0046] The linear conductors in the two arrays are normally electrically isolated one

from the other until the panel is touched. This is illustrated in FIG. 2A which shows a

touchscreen display embodiment in which one array of linear conductors 5a-5e are

coupled to a first transparent plate 20 (e.g., a cover glass) and the other array of linear

conductors 3 are coupled to a second transparent plate, with the two transparent plates

20, 22 arranged in the panel 1 so that there is a gap 24 electrically isolating the two

arrays of linear conductors from each other. The transparent plates 20, 22 may be

glass, plastic, or other semi rigid transparent material. To form a touch pad user input



device or a touchscreen display, the two transparent plates 20, 22 are positioned above

an image generating element, such as a liquid crystal display (LCD) element 14. The

linear conductors 3, 5a-5e are transparent or sufficiently thin so as to not hide or dim

the image generated on the display element 14. The linear conductors 3, 5a-5e may be

attached to the transparent plates 20, 22 by a variety of methods, including for

example, lithographic processes, adhesives, sputtering and plating.

[0047] FIG. 2B shows an alternative touchscreen display embodiment in which each

array is embedded within a transparent support member 26, 28. The transparent

support member 26, 28 may be glass, plastic, polyurethane, or other semi rigid

transparent material. In this embodiment, each transparent support member 26, 28 can

provide lateral support to linear conductors 3, 5a-5e to help keep them in place. As

with the embodiment illustrated in FIG. 2A, the transparent support members 26, 28

are arranged in the panel 1 so that there is a gap 24 between them which electrically

isolates the two arrays of linear conductors from each other. Also, the transparent

support members 26, 28 are positioned above an image generating element, such as an

LCD display 14, thereby forming a touchscreen display panel.

[0048] FIG. 2C shows another alternative touchscreen display embodiment which

includes a nonconductive separator material 30 positioned between the two

transparent support members 26, 28. The nonconductive separator material 30 may be

a transparent nonconductive liquid, such as silicone, or a compressive, transparent,

nonconductive solid, such as a porous plastic. The nonconductive separator material

30 can help to electrically isolate the linear conductors 3, 5a-5e when the panel is not

being touched. This embodiment may simplify the structure of the panel by reducing

the amount of lateral support that is required for the transparent support members 26,

28 or transparent plates 20, 22. While FIG. 2C shows the nonconductive separator

material 30 spanning the entire area between the two transparent support members 26,

28, the nonconductive separator material 30 may alternatively be provided in limited

areas or spots, such as small columns or bumps in between intersections of the two

arrays of linear conductors 3, 5a-5e.



[0049] FIG. 3A illustrates how the embodiment shown in FIG. 2A responds to a touch

by a finger 32. Pressure applied by a finger 32, stylus or other object causes the

transparent plate 20 to deform. This brings one or more linear conductors 5e in the

second array into electrical contact with a linear conductor 3 in the first array. As a

result, current can flow between the contacting linear conductors 3, 5e and their

voltage level eventually becomes equal. However, other linear conductors 5a-5d

remain electrically isolated from the opposing array of linear conductors (not visible

in FIG. 3A). When fmger pressure is removed, the transparent plate 20 rebounds into

the configuration illustrated in FIG. 2A, thereby breaking the electrical connection

between the two linear conductors 3, 5e.

[0050] Similarly, FIG. 3B illustrates how the embodiment shown in FIG. 2B responds

to a fmger 32 press. Pressure applied by a fmger 32, stylus or other object causes the

transparent plate 20 to deform. This brings one or more linear conductors 5e into

electrical contact with a linear conductor 3 in the opposing array. As a result, current

can flow between the contacting linear conductors 3, 5e, and their voltage level

eventually becomes equal. When fmger pressure is removed, the transparent support

member 26 rebounds into the configuration illustrated in FIG. 2B, thereby breaking

the electrical connection between the two linear conductors 3, 5e.

[0051] FIG. 3C illustrates how the embodiment shown in FIG. 2C responds to a fmger

32 press. Pressure applied by a fmger 32, stylus or other object causes the transparent

plate 20 to deform. This deformation compresses or displaces the nonconductive

separator material 30 allowing one or more linear conductors 5e to come into

electrical contact with a linear conductor 3 in the opposing array. As a result, current

can flow between the contacting linear conductors 3, 5e and their voltage level

eventually becomes equal. In an embodiment, compression of the nonconductive

separator material 30 reduces its electrical resistance, thereby allowing electrical

current to flow between opposing linear conductors 3, 5e even if the two linear

conductors do not make physical contact. When fmger pressure is removed, elastic or

hydrodynamic pressure from the nonconductive separator material 30 forces help to

push apart the transparent support members 26, 28, returning the plate to the



configuration illustrated in FIG. 2C and breaking the electrical connection between the

two linear conductors 3, 5e.

[0052] Embodiments of a multi-touch touch pad user input device are structurally very

similar to the structures described above and illustrated in FIGs. 2A through 3C with

the exceptions that the cover member 20 or 26 and support plate member 22, 28 need

not be transparent and there is no need for a display element 14. With these

exceptions, the descriptions above with reference to FIGs. 2A through 3C also apply

to touch pad user input device embodiments.

[0053] As mentioned above, narrow linear conductors 3, 5 can be applied to the

surface of transparent plates 20, 22 using a number of well-known manufacturing

techniques, such as photo lithographic and masked sputtering deposition methods

employed in integrated circuit manufacturing. By way of example, a photo-sensitive

etch-resistant ("photoresist") layer can be applied to a transparent plate 20 such as by

using spin forming methods. Once the photoresist layer has been cured, it can be

exposed to ultraviolet light shone through a mask which limits exposure of the

photoresist to thin lines of light. The exposed lines of the photoresist layer can then

be removed with a solvent, thereby exposing the surface of the transparent plate 20.

Conductive material, such as metal (e.g., gold, copper or silver), metal alloys (e.g., tin-

aluminum), metal oxides (e.g., indium-tin oxide (ITO)) or other conductive materials

such as carbon nanotubes, may then be deposited on the exposed portions of the

transparent plate 20 using chemical vapor deposition (CVD), electron beam

evaporation, physical vapor deposition (PVD), ion beam deposition, sputter deposition

or other known methods. Finally, the remaining photoresist layer can be removed

using chemical solvents, resulting in a transparent plate 20 having thin linear

conductors 3, 5 adhered to the surface is illustrated in FIG. 2A.

[0054] As another example fabrication method, narrow linear conductors 3, 5 can be

applied to the surface of transparent plates 20, 22 using sputter deposition through a

screen or mask that limits deposition of the conductive material (e.g., ITO) into

narrow lines or films.



[0055] In a similar manner, the linear conductors 3, 5 may be deposited or embedded

within a transparent support member 26, 28 as illustrated in FIG. 2B using photo

lithographic methods. For example, a photoresist layer may be applied to a

transparent support member 26 and cured before being exposed to ultraviolet light

shone through a mask. As described above, the mask limits exposure of the

photoresist to thin parallel lines. The exposed portions of the photoresist layer can be

removed with a solvent to expose the underlying surface of the transparent support

member 26. The transparent support member 26 can then be exposed to an etching

solvent which removes a portion of the exposed transparent support member 26. The

portions of the transparent support member 26 covered by the remaining photoresist

are protected from etching. As a result, a trench is formed in the transparent support

member 26 along each of the lines exposed to ultraviolet light through the mask.

These trenches can be filled with conductive material, such as metal, a metal alloy or

metal oxides using CVD, PVD, electron beam evaporation, ion beam deposition,

sputter deposition or other methods as described above. Finally, the remaining

photoresist layer can be removed using chemical solvents to reveal a transparent

support member 26 having thin linear conductors 3, 5 embedded within the surface as

illustrated in FIG. 2B.

[0056] The transparent plates 20, 22 and transparent support members 26, 28 can be

positioned in close proximity to each other using a variety of structural methods

known in the computer display arts. For example, the edges of the transparent plates

20, 22 or transparent support members 26, 28 can be retained in a rigid frame

configured to hold the plates or members in position. As another example, spacers

may be included between the plates or members at various points across the area of

the panel to retain the desired gap 24. As a further example, both edge retention and

spacers may be used to maintain the desired gap 24 between transparent plates 20, 22

or transparent support members 26, 28.

[0057] While FIGs. IA- ID and the other figures show a portion of a conductive multi-

touch touch pad or touchscreen panel including four horizontal and four vertical linear

conductors 3a-3b, 5a-5b, a production panel may include a very large number of



conductive lines. Further, as described more fully below with reference to FIG. 9,

multiple conductive multi-touch touch pad or touchscreen panels can be positioned

side by side to create a larger panel.

[0058] FIGs. 4A-4D illustrate an embodiment process for reading out touch locations

on an embodiment of a conductive multi-touch touch pad or touchscreen panel in

which a voltage is connected to horizontal lines 3a-3d and a comparator reads out

columns similar to the embodiment illustrated in FIG. IA. The embodiment

illustrated in FIGs. 4A-4D is provided as but one example of alternative read out

processes. Similar sequential scanning techniques may be implemented to read out

touch locations on multi-touch touch pads or touchscreen panels configured like the

embodiments illustrated in FIGs. IB- ID. In the embodiment illustrated in FIGs. 4A-

4D, a single comparator circuit 7 is used to detect voltage that would result when an

electrical path to the voltage source is formed by the contact between a horizontal and

vertical linear conductor 3, 5. This readout can be accomplished in a series of steps as

illustrated in FIGs. 4A-4D. In a first step illustrated in FIG. 4A, a voltage source V DD

is applied to a first horizontal linear conductor 3a (such as by closing a switch 11a

illustrated in FIG. 1) while a comparator circuit 7 and pull-down resistor/ground

circuit 9 is connected to a first vertical linear conductor 5a. In the step illustrated in

FIG. 4A the other horizontal linear conductors 3b-3c are not connected to any voltage

source and instead are left in a high impedance ("Hi-Z") state. The comparator circuit

7 may be a circuit within the panel 1, within a separate circuit element, or within a

circuit element included within a panel controller integrated circuit (IC) that is

coupled to each of the vertical linear conductors 5a-5d. For example, the comparator

circuit 7 may be a level-detector within a panel controller IC. The resistor 9

connected between the comparator circuit 7 and ground ensures that the connected

vertical linear conductor 5a is pull-down to near zero voltage except when there is an

electrical connection to the voltage source V DD by a contact with an energized

horizontal linear conductor 3a.

[0059] The comparator circuit 7 (or level-detector inside the controller IC) is

connected to each vertical linear conductor 5a-5d in sequence to determine whether



the linear conductor is at VDD or ground ("gnd") voltage level. For example, if the

comparator circuit 7 determines that the vertical linear conductor 5a is at a high

voltage state (i.e., at or near VDD) this indicates that there is an electrical contact

between the first horizontal linear conductor 3a and the first vertical linear conductor

5a. Thus, a high voltage sensed by the comparator circuit in FIG. 4A would indicate

that the panel 1 is being touch at or near the intersection of linear conductors 3a and

5a. Similarly, a low voltage sensed by the comparator circuit in FIG. 4A would

indicate that the panel 1 is not being touched at or near the intersection of linear

conductors 3a and 5a. The read out of high or low voltage may be indicated or

processed as either a "1" or "0" value.

[0060] In the next step illustrated in FIG. 4B, the comparator circuit 7 is connected to

the next vertical linear conductor 5b to determine whether that linear conductor is at

high (V DD) or low ("gnd") voltage. Again, detection of high voltage by the

comparator circuit 7 would indicate an electrical contact (and thus a panel touch) at

the intersection of linear conductors 3a and 5b, while detection of low/no voltage

would indicate no electrical connection (and thus no touch) at the intersection. In a

similar manner, the steps of connecting the comparator circuit 7 to a vertical linear

conductor and determining its voltage level are repeated for each of the other linear

conductors in the panel 1 as illustrated in FIGs. 4C and 4D.

[0061] Once all of the vertical linear conductors 5a-5d within a panel have been

measured by the comparator circuit 7, the voltage source is connected to the next

horizontal linear conductor 3b and disconnected from the first linear conductor 3a.

The steps of individually determining the level of voltage on each of the vertical linear

conductors 5a-5d are repeated to determine if any of the vertical linear conductors are

in electrical connection with horizontal linear conductor 3b.

[0062] This process continues until all of the horizontal linear conductors 3a-3d have

been energized and all of the vertical linear conductors 5a-5d have been sensed by the

comparator circuit 7. When multiple conductive multi-touch touch pad or touchscreen

panels are combined into a larger composite panel as illustrated in FIG. 9, the



sequential reading of the linear conductors 3, 5 may be conducted in parallel across all

of the included panels.

[0063] Any known type of comparator circuit may be used for detecting the presence

of voltage on a vertical conducting linear conductor 5a-5d. In an embodiment, a

simple inverter circuit may be used as the comparator circuit 7.

[0064] In alternative embodiment, each vertical linear conductor 5a-5d may be

coupled to a dedicated comparator circuit 7a-7b and pull-down resister resistors circuit

9a-9d, such as in the manner illustrated in FIGs. IA and 5A. Inverters are relatively

inexpensive and simple circuits which can be implemented within integrated circuits.

Thus, a conductive multi-touch touch pad or touchscreen panel can be configured with

an inverter connected to each vertical connective linear conductor 5a-5d as illustrated

in FIG. 1 instead of using a single more complex comparator circuit 7 that is

sequentially connected to each vertical linear conductor as illustrated in FIGs. 4A-4D.

In this embodiment, each comparator circuit 7a-7d can provide a near continuous

output indicating whether any vertical linear conductor is connected to a horizontal

linear conductor coupled to a voltage source.

[0065] An example process for reading out touch positions of the panel embodiment

illustrated in FIG. IA is illustrated in FIGs. 5A-5C. The processes for reading out

touch positions of the panel embodiments illustrated in FIG. IB- ID are conceptually

very similar. In FIGs. 5A-5C, two example finger touches indicated by the dashed

circles 40, 41. In a first step, the voltage source V DD is connected to a first horizontal

linear conductor 3a, such as by closing a switch 11a. Any vertical linear conductor

5a-5d in electrical contact with the energized horizontal linear conductor will exhibit a

voltage approaching that of the source VDD which can be detected by the attached

comparator circuit 7a-7d. In FIG. 5A the voltage source V DD has been connected to

the first horizontal linear conductor 3a by the closure of the connected switch 11a.

The finger touch 40 at the intersection of horizontal linear conductor 3a with vertical

linear conductor 5b causes the two linear conductors to make electrical contact which

allows electricity to flow from the voltage source V DD to the inverter 7b where it may



be sensed as a positive voltage or a "1" signal. In response, the inverter 7b outputs the

opposite digital value, i.e., a "0" signal or zero voltage. Since the other vertical linear

conductors 5a, 5c, 5d are not touched, and therefore are not in electrical contact with

the energized horizontal linear conductor 3a, they exhibit near ground voltage (i.e.,

approximately 0 voltage) due to the connected pull-down resistors 9a, 9c, 9d which

are each coupled to ground. As a result, the comparators 7a, 7c, 7d connected to the

other vertical linear conductors 5a, 5c, 5d sense zero voltage or a "0" signal. In

response, the inverters 7a, 7c, 7d output the opposite digital value, i.e., a "1" signal or

near V DD voltage. Thus, as illustrated in FIG. 5A, a touch at position 40 will result in

the inverters 7a-7d of the conductive multi-touch touch pad or touchscreen panel

outputting the digital value "101 1..." when the voltage source V DD is connected to the

first horizontal linear conductor 3a. The position of the finger touch 40 is then easily

determined by a processor or state machine based upon knowing which one of the

horizontal linear conductors 3a-3d is connected to the voltage source and the digital

output from the inverters 7a-7d coupled to the vertical linear conductors 5a-5d.

[0066] The read process then proceeds by disconnecting the voltage source from the

first horizontal conducting linear conductor 3a, such as by opening switch 11a, and

connecting the voltage source to the next horizontal linear conductor 3b, such as by

closing the switch 1Ib. In the example illustrated in FIG. 5B, there are no finger

touches at the intersections between the second horizontal linear conductor 3b and any

of the vertical linear conductors 5a-5d. Therefore, all of the vertical linear conductors

5a-5d are at or near ground voltage due to the connected pull-down resistors 9a-9d

which is sensed by the respective inverters 7a-7d as a "0" signal. The inverters 7a-7d

output the opposite digital value of "1" resulting in a panel digital output value of

" 1111..." as shown in FIG 5B.

[0067] The read process proceeds further by disconnecting the voltage source from the

second horizontal conducting linear conductor 3b, such as by opening switch 1Ib, and

connecting the voltage source to the next horizontal linear conductor 3c, such as by

closing the switch l ie. In the example illustrated in FIG. 5C, there is a finger touch

4 1 at the intersection between the third horizontal linear conductor 3b and the third



vertical linear conductor 5c. Therefore, the circuit established by the induced

electrical contact between the third horizontal linear conductor 3b and the third

vertical linear conductor 5c will raise the third vertical linear conductor 5c to near

VDD, which is sensed by the connected inverter 7c as a "1" signal. Meanwhile, the

other vertical linear conductors 5a, 5b, 5d remain at or near ground voltage which is

sensed by the respective inverters 7a, 7b, 7d as a "0" signal. The inverters 7a-7d

output a digital value that is opposite that of the input resulting in a panel digital

output value of " 1101 ..." as shown in FIG 5C. Thus, the location of the finger touch

4 1 can be determined based upon the digital output value of the inverters 7a-7d

connected to the vertical linear conductors 5a-5d in combination with information

concerning the particular horizontal linear conductor 3b that is energized when those

outputs are received.

[0068] To determine the positions of finger touches on the conductive multi-touch

touch pad or touchscreen panel each of the horizontal linear conductors 3a-3d can be

sequentially connected to the voltage source V DD while the digital outputs of the

inverters 7a-7d coupled to the vertical linear conductors 5a-5d are received. In this

manner, by quickly cycling through a sequence of connecting each of the horizontal

linear conductors to the voltage source, the conductive multi-touch touch pad or

touchscreen panel can be read out several times per second to detect movement of

finger touches across the panel.

[0069] In an implementation of this embodiment illustrated in FIG. 6A, the individual

switches 1Ia-I Id can be replaced with a multiplexor circuit 50 which is coupled

between the voltage source 52 and the horizontal linear conductors 3a-3d. As is well

known in the electronic arts, a multiplexor circuit 50 can be configured to sequentially

connect each of its outputs (which are connected to the horizontal linear conductors

3a-3d) to its input (which is connected to V DD) - I similar manner, a multiplexor

circuit 50 may be coupled between ground 53 and the horizontal linear conductors 3a-

3d, with a voltage source V DD applied via weak resistors 9a-9d as illustrated in FIG.

6B. In these embodiments, the location of a finger touch to the panel can be

determined based upon the inverter 7a-7d digital outputs in combination with the time



of each read out, with the read out time being correlated to the multiplexor switching

sequence and frequency.

[0070] In a further implementation of this embodiment illustrated in FIGs. 6C and 6D,

a multiplexor circuit 60 can be used to sequentially connect a single comparator

circuit 62 to each vertical linear conductors 5a-5d. In these embodiments, the digital

output from the panel is provided by the single comparator circuit 62 as a sequence of

digital values (i.e., in the form of a serial output). Other than the serial nature of the

output provided by a single comparator circuit 62, the position of a finger touch to the

panel is determined in a manner very similar to that described above with reference to

FIGs. 5A-C.

[0071] Similar to the panel embodiments which apply a voltage source illustrated in

FIGs. 6A-6D, multiplexor circuits may also be implemented with panel embodiments

which apply current sources as illustrated in FIGs. 6E-6H. In FIG. 6E a multiplexor

circuit 50 is coupled between a strong current source 213 and the horizontal

conductive lines 3a-3d while each of the vertical conductive lines 5a-5d are coupled to

weak current sinks 209a-209d and comparator circuits 7a-7d. In FIG. 6F a

multiplexor circuit 60 is coupled between a single comparator circuit 62 and the

vertical conductive lines 5a-5d which are each coupled to weak current sinks 209a-

209d, while the horizontal conductive lines 3a-3d are selectively coupled to a strong

current source 213 via switches 3 1la-3 1Id. In FIG. 6G a multiplexor circuit 50 is

coupled between a strong current sink 215 and the horizontal conductive lines 3a-3d

while each of the vertical conductive lines 5a-5d are coupled to weak current sources

215a-215d and comparator circuits 7a-7d. In FIG. 6H a multiplexor circuit 60 is

coupled between a single comparator circuit 62 and the vertical conductive lines 5a-5d

which are each coupled to weak current sources 215a-215d, while the horizontal

conductive lines 3a-3d are selectively coupled to a strong current sink 217 via

switches 4 1la-41 Id.

[0072] In yet a further implementation of this embodiment illustrated in FIG. 7A, a

first multiplexor circuit 50 is coupled between the voltage source 52 and the



horizontal linear conductors 3a-3d, and a second multiplexor circuit 60 is coupled

between a single comparator circuit 62 and each of the vertical linear conductors 5a-

5d which are each coupled to ground via weak resistors 9a-9d. In this embodiment,

the switching frequency of the first multiplexor circuit 50 is configured to be slower

than that of the second multiplexor circuit 60 such that each of the vertical linear

conductors 5a-5d can be sensed by the comparator circuit 62 before the next

horizontal linear conductor 3a-3d is connected to the voltage source by the first

multiplexor circuit 50. A digital output from the panel illustrated in FIG. 7A is

provided by the single comparator circuit 62 as a sequence of digital values (i.e., as a

serial output). In this embodiment, the location of a finger touch to the panel can be

determined based upon the panel's serial digital output in combination with the read

time which can be correlated to the first multiplexor's switching sequence and

frequency.

[0073] In a similar manner, multiplexor circuits 50, 60 can be implemented with the

alternative embodiments illustrated in FIGs. IB- ID. For example, FIG. 7B illustrates

an embodiment in which a first multiplexor circuit 50 is coupled between ground 53

and the horizontal linear conductors 3a-3d, and a second multiplexor circuit 60 is

coupled between a single comparator circuit 62 and the vertical linear conductors 5a-

5d which are each coupled to the voltage source V DD Via weak resistors 9a-9d. As a

further example, FIG. 7C illustrates an embodiment in which a first multiplexor circuit

50 is coupled between a strong current source 213 and the horizontal linear conductors

3a-3d, and a second multiplexor circuit 60 is coupled between a single comparator

circuit 62 and the vertical linear conductors 5a-5d which are each coupled to weak

current sinks 209a-209d. As a further example, FIG. 7D illustrates an embodiment in

which a first multiplexor circuit 50 is coupled between a strong current sink 217 and

the horizontal linear conductors 3a-3d, and a second multiplexor circuit 60 is coupled

between a single comparator circuit 62 and the vertical linear conductors 5a-5d which

are each coupled to weak current sources 215a-215d.

[0074] While FIGs. 5A-5C show each finger touch 40, 4 1 encompassing a single

intersection of linear conductors, the pitch density of the two arrays of linear



conductors can be made finer such that a finger touch may encompass a number of

intersections. For example, FIG. 8 illustrates a conductive multi-touch touch pad or

touchscreen panel having a linear conductor pitch density such that a single finger

touch 80 activates four (or more) intersections. As FIG. 8 illustrates, the touch 80

brings both vertical linear conductors 5b and 5c into electrical contact with horizontal

linear conductors 3b and 3c. Thus, when the voltage source is connected to the

second horizontal linear conductor 3b (as shown in FIG. 8) or 3c, the voltage is sensed

by the inverters 7b, 7c connected to the two vertical linear conductors 5b, 5c. As a

result, the output from the panel will be "1001..." when the second and third linear

conductors 3b, 3c are energized. These outputs can be processed by an attached

processor or panel controller to identify the center point of contacted linear conductor

intersections. The sensitivity and accuracy of a conductive multi-touch touch pad or

touchscreen panel may be increased by using a fine pitch density of linear conductors

in one or both of the arrays because a fine pitch can eliminate the possibility that a

touch could fit within the area between intersections. Also, using a fine pitch density

of linear conductors may enable a conductive multi-touch touch pad or touchscreen

panel to measure an amount of force applied by a touch, because more applied force

will cause greater deformation in the panel and thus cause more intersection points to

come into electrical contact. The ability to determine applied force along with the

touch position may enable the development of more intuitive touch pad or touchscreen

user interfaces.

[0075] As mentioned above, a conductive multi-touch touch pad or touchscreen panel

may include a large number of horizontal and vertical linear conductors in order to

span a larger area. This implementation may be accomplished simply by replicating

the structures illustrated in the figures across a large panel. Also, multiple conductive

multi-touch touch pad or touchscreen panels may be laid side-by-side or otherwise

grouped together to form a larger composite panel such as illustrated in FIG. 9. Four

conductive multi-touch touch pad or touchscreen panels Ia- Id are positioned side by

side in the example shown in FIG. 9, however, any number of panels can be combined

to create a touch pad or touchscreen panel of practically any size. In such a multi-



panel embodiment, the position of a finger touch is determined based upon the touch

location on the particular sub-panel being touched in combination with the location of

that sub-panel within the composite panel.

[0076] Example methods for reading out the touch position information from a

conductive multi-touch touch pad or touchscreen panel are illustrated in the process

flow diagrams shown in FIGs. 10A- 1OD. The readout process may proceed as a

continuous loop which may be accomplished by a dedicated controller or processor or

by a device processor. As a first step in the embodiment illustrated in FIG. IA, the

voltage source (V DD) m y be coupled to a first horizontal linear conductor (referred to

in FIG. 10 as "Row 1"), step 100, followed by reading out the outputs from

comparator circuits coupled to the vertical linear conductors, step 102. Repeating this

process across the panel, the voltage source is sequentially coupled to the next

horizontal linear conductor, step 104, followed by reading out the column values, step

106, until the last horizontal linear conductor has been coupled to the voltage source,

step 108, and the column values have been read out, step 110. At this point the

process may promptly repeat by returning to step 100 to energize the first horizontal

linear conductor. Optionally, the process may delay for a short time to wait for the

scanning result to be read out or processed by the main processor before returning to

step 100 to energize the first horizontal linear conductor. This process continues as

long as the panel is energized and configured to receive user input. Due to the

repetitive nature of this process, it may be implemented in circuitry, in a combination

of circuitry and software (e.g., a programmed gate array), or in software, such as in the

software configuration of an interface.

[0077] The process for reading out the touch positions on the embodiments illustrated

in FIGs. IB- ID may be performed in a similar manner. For example, for the

embodiment illustrated in FIG. IB, the process may proceed as illustrated in FIG.

1OB. This process is similar to that described above with reference to FIG. 1OA with

the exception that ground is sequentially applied to each row, steps 100', 104' and

108'. As a further example, for the embodiment illustrated in FIG. 1C, the process

may proceed as illustrated in FIG. 1OC. This process is similar to that described



above with reference to FIG. 1OA with the exception that the strong current source is

sequentially applied to each row, steps 100", 104" and 108". As a further example, for

the embodiment illustrated in FIG. 1C, the process may proceed as illustrated in FIG.

1OC. This process is similar to that described above with reference to FIG. 1OA with

the exception that the strong current sink is sequentially applied to each row, steps

100"', 104"' and 108'".

[0078] FIG. 11 illustrates an example process for reading out touch position

information from a conductive multi-touch touch pad or touchscreen panel

embodiment which reads the vertical linear conductors 5a-5d in a serial manner, such

as described above with reference to FIGs. 4A-4D, 6C, 6D, 6F, 6H and 7A-7D. When

the voltage source (V DD) (in the case of the embodiments illustrated in FIGs. 6C or

7A) is coupled to a first horizontal linear conductor, step 100, the voltage of the

vertical linear conductors are read out, step 102, by implementing a subroutine process

112 that connects a comparator circuit to the first column and receives the output

digital value, step 114. The column reading subroutine 112 continues by sequentially

connecting the comparator circuit to each vertical linear conductor and receiving the

digital output, step 116, until the last vertical linear conductor is connected and read,

step 118. When the subroutine process 112 is completed processing returns to the

main routine where voltage is applied to the next horizontal linear conductor, step

104, before the subroutine 112 is called again, step 106. This process continues until

the last horizontal linear conductor has been coupled to the voltage source, step 108,

and the column values are read out, step 110, by executing the read out subroutine

112. At this point the process may promptly repeat by returning to step 100 to

energize the first horizontal linear conductor. Optionally, the process may delay for a

short time to wait for the scanning result to be read out or processed by the main

processor before returning to step 100 to energize the first horizontal linear conductor.

This subroutine process 112 may be implemented in a similar manner with the

embodiments illustrated in FIGs. IB- ID, interacting with the methods illustrated in

FIGs. 10B- 1OD in a similar manner as described above with reference to FIG. 1OA.

As with the embodiment described above with reference to FIGs. 10A- 10D, the read



out process and/or the subroutine 112 may be implemented in circuitry, in a

combination of circuitry and software (e.g., a programmed gate array), or in software,

such as in the software configuration of an interface.

[0079] In an embodiment, the switches 1Ia-I Id coupled between the horizontal linear

conductors 3a-3d and the voltage source V DD or ground, current source 213 or strong

current sink 217 may be in the form of logic switches as illustrated in FIG. 12. For

example, the switches 1Ia-I Id may be normally open transistors 122 with their input

coupled to the voltage source VDD or ground, current source 2 13 or strong current sink

217, their output coupled to a horizontal linear conductor 3 and their gate coupled to a

digital input. In the illustrated example embodiment which shows a P-channel

MOSFET as the switch, voltage is applied to the horizontal linear conductor 3 by

applying a "0" to the gate since the logic is inverted in the illustrated circuit. As

would be appreciated by one of skill in the art, alternatively the logic switches may be

N-channel MOSFET so switches are closed by applying a positive voltage or "1"

without departing from the spirit of the present invention. This embodiment may

simplify fabrication and control of the array as each row can be associated with a

unique address value. For example, the read address " 1101..." applied to an array of

transistors 112 such as illustrated in FIG. 12 would close the gate transistor 112

coupled to the third horizontal linear conductor 3c, thereby enabling readout of

vertical linear conductors in contact with that particular horizontal linear conductor.

This embodiment may simplify the processing required to determine a location of a

touch because the touch position can be determined by the combination of the applied

horizontal read address and the associated vertical readout value. For example, if a

touch 4 1 is received at the intersection of the third horizontal linear conductor 3c and

the third vertical linear conductor 5c (as illustrated in FIGs. 5A-5C), the touch

position could be defined by the " 1101..." input address and the " 1101..." output

value, such as in the form of a couplet or vector.

[0080] FIG. 13 illustrates an example process for reading out the touch position

information from a conductive multi-touch touch pad or touchscreen panel

implementing the embodiment illustrated in FIG. 12. As with the processes described



above, the readout process may proceed as a continuous loop which may be

accomplished by a dedicated controller or processor, a device processor, or a portion

of an integrated circuit associated with the panel. As a first step, a read address is

applied to the gates of the normally open transistors coupled between the voltage

source (V DD) d the horizontal linear conductors which includes a "0" value (or "1"

with a different type of switch transistor) in the first digit position, step 130. With the

address value applied to the transistor gates, the outputs from comparator circuits

coupled to the vertical linear conductors are read out, step 102. As described above

with reference to FIG. 10 and 11, the vertical linear conductor read outs may be

accomplished in parallel (as described above with reference to FIG. 10) or in series (as

described above with reference to FIG. 11). Subsequent horizontal linear conductors

can be energized by applying an address that includes a "0" (or "1" with a different

type of switch transistor) in the position associated with the horizontal linear

conductor to be interrogated, step 132, after which the vertical linear conductors are

read out, step 106. This addressing and reading process continues until the last

horizontal linear conductor is addressed with a "0" (or "1" with a different type of

switch transistor), step 134, and the column values are read out, step 110. At this

point the process can promptly repeat by returning to step 130 to apply the read

address that will energize the first horizontal linear conductor. This process continues

as long as the panel is energized and configured to receive user input.

[0081] While FIG. 12 and the associated description shows the use of normally open

P-channel MOSFET transistors 122, other digital logic circuits may be used, including

normally open N-channel MOSFET transistors (which can be activated with a "1"

input value), flip-flop circuits (which can be switched from open to closed or closed to

open by applying a "1" value), and similar logic circuits. Additionally, as mentioned

above, the panel circuits may be configured such that horizontal conductors are

connected to ground instead of VDD (see the discussion above with reference to FIG.

IB). Also, the horizontal conductors may be switch connected to current sources

instead of voltage sources or ground.



[0082] The embodiment described above with reference to FIGs. 12 and 13 enables a

conductive multi-touch touch pad or touchscreen panel to be read in a variety of ways.

The read processes described above with reference to FIG. 13 involves sequentially

applying voltage to each of the horizontal linear conductors. However, the horizontal

linear conductors may also be energized in any sequence, including a random

sequence, by applying the appropriate read addresses to the panel. For example, when

a touch is detected, horizontal linear conductors in the vicinity of the touch (e.g., one

or two linear conductors on either side of the touch) could be preferentially read by

applying appropriate read addresses in order to better track any movement of the

touch. For example, when a touch is detected on a particular horizontal linear

conductor, the horizontal linear conductors above and below that conductor may be

rapidly addressed a number of times before a scan of all horizontal linear conductors

is completed. In this manner a rapid movement of a finger across the panel can be

accurately tracked since the horizontal linear conductors in the vicinity of the touch

are addressed more frequently than linear conductors distant from the touch.

[0083] Multi-touch touch pad or touchscreen panels may be vulnerable to erroneous

readings resulting from secondary electrical paths when three touches are applied to a

panel in certain configurations. FIG. 14 illustrates a secondary electrical path problem

that might be experienced in a conductive multi-touch touch pad or touchscreen panel.

In a situation where three fingers touch the panel at locations 40, 42 and 44 as shown

in FIG. 14, the electrical connections between the horizontal and vertical conductive

lines and wires established by the touches enable electrical current and voltage to flow

in a manner that result in a fourth "ghost" touch 46 indication. Specifically, voltage

may be conducted along the secondary path 140 indicated in a dashed line from

horizontal linear conductor 3c up vertical linear conductor 5b to horizontal linear

conductor 3a to vertical linear conductor 5c where the voltage is detected by the

associated comparator circuit 7c. As a result, a touch readout of "0" is output from

comparator circuit 7c when voltage is connected to horizontal linear conductor 3c

even though there is no connection between (i.e., no touch at) that horizontal linear

conductor 3c and vertical linear conductor 5c. A similar ghost touch indication may



be generated any time a single panel is touched in three places in the pattern of a right

triangle (if the horizontal and vertical conductors are configured perpendicular to each

other), with the fourth "ghost" touch forming a rectangle with the three real touches.

[0084] The problem of ghost indications caused by secondary electrical paths when

the panel is touched in three places can be minimized by a variety of approaches. In a

first approach illustrated in FIGs. 15A and 15B, icons 200 on the screen that might be

touched simultaneously may be strategically placed so as to avoid situations where if a

single panel is touched in three places, the touches do not form a right triangle. For

example, if the keys 200 "Alt," "Ctrl" and "Del" are positioned over array of linear

conductors as illustrated in FIG. 15A, when these three keys are pressed

simultaneously, which is common in many PC-based operating systems and

applications, a ghost 205 will also be detected. This ghost 205 will make it difficult

for a processor to recognize this common key press event. By moving at least one of

the keys 200 to a position off axis from the others as illustrated in FIG. 15B, the

simultaneous press of "Alt," "Ctrl" and "Del" will not result in connected linear

conductors forming a right triangle, so no ghost is formed by this key press event. In

an alternative approach, in an implementation that includes multiple conductive multi-

touch touch pad or touchscreen panels as illustrated in FIG. 9, icons in a touchscreen

display that may be touched or manipulated simultaneously could be positioned so

that they fall within separate subpanels Ia- Id.

[0085] A second potential solution to the problem of ghost indications cause by

secondary electrical paths is provided by another embodiment conductive multi-touch

touch pad or touchscreen panel illustrated in FIG. 16. This embodiment employs

voltage or current sensors 12a-12d that can measure the level of voltage or current

existing on a vertical linear conductor 5a-5d. Unlike comparator circuit(s) 7 which

can provide only a simple digital output, such voltage or current sensors 12a-12d

provide an output that varies with the measured level of voltage or current. In one

embodiment, an analog-to-digital converter circuit 12a- 12d is coupled to each vertical

linear conductors 5a-5d. The analog-to-digital converter circuits 12a- 12d are

configured to output a value corresponding to a measured voltage or current value.



[0086] The embodiment illustrated in FIG. 16 can resolve the problem of ghost

indications cause by secondary electrical paths by distinguishing ghost readings based

upon the value output from the AD converter 12a-12d. Since the horizontal and

vertical linear conductors 3, 5 inherently have a degree of electrical resistance, the

amount of resistance to current flowing though direct and secondary electrical paths

depends upon the length and number of current paths. In situations where there are

four touches on the panel forming a right triangle, two current paths are established

between a sensor coupled to one vertical conductive line and the voltage or current

source coupled to horizontal conductive paths, thereby providing less resistance than

when there is a single path which occurs in the ghost situation. Therefore, a ghost

indication will have a lower voltage or current output than an actual indication (i.e.,

four point touch), a difference that can be used to distinguish actual from ghost touch

indications. This difference is explained below with reference to FIGs. 17A-17E

which illustrates the direct and secondary electrical paths through a panel being

touched in three or four locations.

[0087] Referring to FIG. 17A, if a panel is touched in three locations 40, 42, 44, when

voltage is applied to the third horizontal linear conductor 3c, current will flow directly

to the A/D converter 12b coupled to the second vertical linear conductor 5b as shown

by the solid arrow 140. As a result, the A/D converter 12b will output a value for

voltage or current (Io/Vo). Also, a secondary electrical path 141 will flow through the

connection at touch 40 to the first horizontal linear conductor 3a to the third vertical

linear conductor 5c via the connection at touch 42, and through that to the connected

A/D converter 12c. As a result of the secondary electrical path 141, the A/D converter

12c will output a value for voltage or current (I1 V 1) that reflects the resistance over

that electrical path 141. This output from the AZD converter 12c could be interpreted

as a touch at location 46 which in the example shown in FIG. 17A would be a ghost

indication. Such a ghost indication can be distinguished from a true touch indication

by measuring the output value of the AZD converter 12c as illustrated in the example

shown FIG. 17B. In a four- touch situation, current would flow to the AZD converter

12c both paths 141 and 142. Specifically, current would flow via the direct path 142



from horizontal linear conductor 3c to vertical linear conductor 5c and via the indirect

path 141 from horizontal linear conductor 3c to vertical linear conductor 5b to

horizontal linear conductor 3a to vertical linear conductor 5c. As a result of these

parallel current paths, the effective electrical resistance between the voltage source

and the A/D converter 12c would be less than that of the secondary path 141 shown in

FIG. 17A that would exist in a three-touch situation. Consequently, the output value

for voltage or current (I2/V2) from the A/D converter 12c for an actual touch 48 would

be approximately twice the output associated with a ghost indication 46. This

difference in the level of output provided by the A/D converter 12c can be used to

distinguish a real (i.e., four-point touch) from a ghost (i.e., three-point touch)

indication.

[0088] In the situation where there are four actual touches (i.e., not three actual and

one ghost touch indication) within a single panel, there will also be secondary current

paths involved in all touch indications. This is illustrated in FIGs. 17C and 17D.

Referring to FIG. 17C, the output (I3/V3) from the A/D converter 12b connected to the

second vertical linear conductor 12b will be greater than in a three-touch situation (as

illustrated in FIG. 17A) due to the combination of the parallel direct conductive path

140 and the secondary conductive path 145. This is because the secondary conductive

path 145 reduces the effective resistance presented to current flowing to the A/D

converter 12b. Similarly, when the voltage source is coupled to the first horizontal

linear conductor 3a as shown in FIG. 17D, the output (I4 V 4) from the A/D converter

12c connected to the third vertical linear conductor 12c will be greater than in a three-

touch situation (as illustrated in FIG. 17A) due to the combination of the parallel

direct conductive path 144 and the secondary conductive path 146. Finally, a three-

point contact will result in a different output (I5/V5) from the A/D converter 12c

connected to the third vertical linear conductor 12c when the first horizontal linear

conductor 3a is energized because there is no secondary conductive path as illustrated

in FIG. 17E.

[0089] The ability of the embodiments illustrated in FIGs. 16-17E to distinguish real

from ghost touch indications may be enhanced by varying the linear resistance in the



various horizontal or vertical linear conductors 3, 5. If the resistance per unit length

of the various horizontal or vertical linear conductors are different, direct conductive

paths may be more easily distinguished from secondary conductive paths. Also, the

voltage or current outputs from A/D converters 12 for each intersection of rows and

columns may be recorded for single touches and stored as threshold or comparison

values. For example, voltage or current outputs from A/D converters 12 that are less

the single touch value may be interpreted as ghost indications while outputs equal to

or greater than the single touch value may be interpreted as real indications.

[0090] An example method for distinguishing ghost indications from real touches

using the difference in output from A/D converters 12 (or other types of voltage or

current level-sensing circuitry) measureable by the embodiment illustrated in FIGs.

16-17E is illustrated in the process flow diagram in FIG. 18. In a panel read process

the voltage source may be coupled to the first horizontal linear conductor ("row 1"),

step 100, followed by reading out the voltage or current values from the A/D

converters 12 connected to each of the vertical linear conductors 5, step 170. The

A/D converters 12 may be read out in parallel if there is an A/D converter connected

to each vertical linear conductor as shown in FIG. 16. Alternatively the A/D

converters 12 may be read out serially if a single A/D converter is sequentially

connected to the vertical linear conductors, such as by a multiplexer circuit 60 as

shown in FIG. 6B. The voltage source is then sequentially coupled to each of the

horizontal linear conductors and the voltage or current value outputs from the A/D

converters 12 connected to each of the vertical linear conductors 5 are obtained, with

this process continuing until voltage is applied to the last horizontal linear conductor

in the panel, step 108, and the voltage or current value outputs are obtained, step 171.

At this point the obtained voltage or current value outputs may be inspected to

determine if the readings indicate more than two touches to the panel, test 172. If only

two or fewer touches are indicated (i.e., test 172 = "No"), there is no problem with

ghost indications so the row and column indications may be read out to determine the

touch location(s), step 178, in a manner similar to that discussed above with reference



to FIGs. 10 and 11. Once all horizontal linear conductors have been energized the

process may be repeated by returning to step 100.

[0091] If more than two touches to the panel are indicated by the obtained voltage or

current outputs (i.e., test 172 = "Yes"), the obtained voltage or current outputs within

a single column which indicate a touch can be compared to distinguish real from ghost

touch indications, step 174. This step may involve comparing the obtained voltage or

current values to each other or to threshold values to identify real indications in a

manner similar to that described above with reference to FIGs. 17A-17E. Using the

results of the comparisons the panel outputs may be corrected to eliminate detected

ghost indications, step 176. Then the corrected row and column position readings

may be output from the panel, step 178, before returning to step 100 to repeat the

touch detection and readout process. Corrected row and column position readings

may also be converted to digital format at this point to reduce the amount of data

provided to device processor.

[0092] It should be appreciated that the resistance along the current paths also includes

the resistance at the point of contact between the horizontal and vertical conductive

lines, which may be sensitive to touch pressure. In implementations that use

conductive lines made of materials which exhibit greater variability in contact point

resistance, such contact resistance may overwhelm the difference path resistance

between three- and four-point touches, rendering this method unreliable or infeasible.

[0093] The processes of reading out touch locations on a conductive multi-touch

touch-sensitive panel can be controlled by a state machine coupled to the switches 11

or multiplexor 50 and the comparator circuits 7 or proportional electrical sensors (e.g.,

A/D converter circuits) 12. The state machine can correlate vertical linear conductor

readouts with horizontal linear conductor connections to the voltage source. Such a

state machine may be implemented as a separate circuit, such as an integrated circuit

or programmable gate array, or as part of the touch screen panel.

[0094] FIG. 19 is a component block diagram of an embodiment computing system

implementing a conductive multi-touch touch-sensitive panel. In this embodiment, a



conductive multi-touch touch-sensitive panel 180 is coupled to a processor 181 via a

graphics module 188 (e.g., a graphics card) and read out circuit 183. In this

embodiment display graphics to be presented on the conductive multi-touch touch-

sensitive panel are output from the processor 181 to the graphics module 188 which

outputs electrical signals to the conductive multi-touch touch-sensitive panel 180.

Touch detections and locations are output from the panel 180 to the processor 181 via

the read out circuit 183. Depending upon the panel embodiment, outputs from the

panel may be electrical values that are sensed by circuits within the state machine 183

(such as in the embodiments described above with reference to FIGs. 4A-4D, 6B and

7), or parallel or serial outputs from sensors coupled to the vertical linear conductors

5. The read out circuit 183 can then provide signals to the processor 181 indicating

touch locations, or providing information sufficient to enable the processor 181 to

determine the touch locations.

[0095] While FIG. 19 shows the read out circuit 183 and graphics module 188 as

separate circuits or circuit modules, those circuit elements may be incorporated within

either the conductive multi-touch touch-sensitive panel 180 or the processor 181. For

example, FIG. 20 shows an embodiment in which the read out circuit 183 is

incorporated within the conductive multi-touch touch-sensitive panel 180 and the

graphics module 188 is part of the processor 181 electronics or software. In this

embodiment, the conductive multi-touch touch-sensitive panel 180 receives display

graphics signals directly from the processor 181 and provides touch location

information directly to the processor 181 via its embedded read out circuit 183.

[0096] The embodiments described above may be implemented on any of a variety of

portable computing devices, such as, for example, cellular telephones, personal data

assistants (PDA) with cellular telephone and/or WIFI transceivers, mobile electronic

mail receivers, mobile web access devices, and other processor-equipped devices that

may be developed in the future that connect to one or more data communication links.

Typically, such portable computing devices will have in common the components

illustrated in FIG. 21. For example, the portable computing devices 200 may include

a processor 181 coupled to internal memory 182 and to a multi-touch display 180 via



a state machine 183 (which may be part of the display 180). Additionally, the

portable computing device 200 may have an antenna 184 for sending and receiving

electromagnetic radiation that is connected to a wireless data link and/or cellular

telephone transceiver 185 coupled to the processor 181. Portable computing devices

180 also typically include a key pad 186 or miniature keyboard and menu selection

buttons or rocker switches 187 for receiving user inputs.

[0097] The processor 181 may be any programmable microprocessor, microcomputer

or multiple processor chip or chips that can be configured by software instructions

(applications) to perform a variety of functions, including the functions of the various

embodiments described above. In some portable computing device 200, multiple

processors 181 may be provided, such as one processor dedicated to interfacing with

and controlling the multi-touch display 180, and one processor dedicated to running

other applications. Typically, software applications may be stored in the internal

memory 182 before they are accessed and loaded into the processor 181. In some

portable computing device 200, the processor 181 may include internal memory

sufficient to store the application software instructions. For the purposes of this

description, the term memory refers to all memory accessible by the processor 181,

including internal memory 182 and memory within the processor 181 itself. In many

portable computing device 200, the memory 182 may be a volatile or nonvolatile

memory, such as flash memory, or a mixture of both.

[0098] The hardware used to implement the foregoing embodiments may be

processing elements and memory elements configured to execute a set of instructions,

including microprocessor units, microcomputer units, programmable floating point

gate arrays (FPGA), and application specific integrated circuits (ASIC) as would be

appreciated by one of skill in the art, wherein the set of instructions are for performing

method steps corresponding to the above methods. Alternatively, some steps or

methods may be performed by circuitry that is specific to a given function.

[0099] Those of skill in the art would appreciate that the various illustrative logical

blocks, modules, circuits, and algorithm steps described in connection with the



embodiments disclosed herein may be implemented as electronic hardware, computer

software, or combinations of both. To clearly illustrate this interchangeability of

hardware and software, various illustrative components, blocks, modules, circuits, and

steps have been described above generally in terms of their functionality. Whether

such functionality is implemented as hardware or software depends upon the

particular application and design constraints imposed on the overall system. Skilled

artisans may implement the described functionality in varying ways for each particular

application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present invention.

[0100] The order in which the steps of a method described above and shown in the

figures is for example purposes only as the order of some steps may be changed from

that described herein without departing from the spirit and scope of the present

invention and the claims. The steps of a method or algorithm described in connection

with the embodiments disclosed herein may be embodied directly in hardware, in a

software module executed by a processor, or in a combination of the two. A software

module may reside in processor readable memory which may be any of RAM

memory, flash memory, ROM memory, EPROM memory, EEPROM memory,

registers, hard disk, a removable disk, a CD-ROM, or any other form of storage

medium known in the art. An exemplary storage medium is coupled to a processor

such that the processor can read information from, and write information to, the

storage medium. In the alternative, the storage medium may be integral to the

processor. The processor and the storage medium may reside in an ASIC. The ASIC

may reside in a user terminal or mobile device. In the alternative, the processor and

the storage medium may reside as discrete components in a user terminal or mobile

device. Additionally, in some aspects, the steps and/or actions of a method or

algorithm may reside as one or any combination or set of codes and/or instructions on

a machine readable medium and/or computer readable medium, which may be

incorporated into a computer program product

[0101] The foregoing description of the various embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various



modifications to these embodiments will be readily apparent to those skilled in the art,

and the generic principles defined herein may be applied to other embodiments

without departing from the spirit or scope of the invention. Thus, the present

invention is not intended to be limited to the embodiments shown herein, and instead

the claims should be accorded the widest scope consistent with the principles and

novel features disclosed herein.



CLAIMS

We claim:

1. A multi-touch touch-sensitive panel, comprising:

a first array of linear conductors;

a second array of linear conductors positioned in close proximity but

electrically isolated from the first array of linear conductors, wherein the linear

conductors in the first and second arrays are oriented at a non-zero angle with respect

to each other;

a switch configured to couple at least one linear conductor within the first array

of linear conductors to an applied electrical signal; and

an electrical sensor coupled to at least one linear conductor within the second

array of linear conductors.

2. The multi-touch touch-sensitive panel of claim 1, further comprising:

a first transparent member coupled to the first array of linear conductors;

a second transparent member coupled to the second array of linear conductors;

and

a display element positioned beneath the first and second arrays of linear

conductors,

wherein the first and second transparent members are configured so that a

touch on the multi-touch touch-sensitive panel causes at least one linear conductor

within the first array of linear conductors to come into electrical contact with at least

one linear conductor within the second array of linear conductors.

3. The multi-touch touch-sensitive panel of claim 1, wherein the applied electrical

signal is a voltage source.

4. The multi-touch touch-sensitive panel of claim 1, wherein the applied electrical

signal is ground.



5. The multi-touch touch-sensitive panel of claim 1, wherein the applied electrical

signal is a current source.

6. The multi-touch touch-sensitive panel of claim 1, wherein the applied electrical

signal is a current sink.

7. The multi-touch touch-sensitive panel of claim 2, wherein the first and second

arrays of linear conductors are configured so there is a gap between the first and

second arrays of linear conductors when the panel is not touched.

8. The multi-touch touch-sensitive panel of claim 7, further comprising a

nonconductive material positioned within the gap.

9. The multi-touch touch-sensitive panel of claim 1, wherein the electrical sensor

comprises a comparator circuit configured to output a signal when the at least one

linear conductor within the second array of linear conductors exhibits a voltage or

current that exceeds a threshold value.

10. The multi-touch touch-sensitive panel of claim 1, wherein the electrical sensor

comprises an inverter circuit.

11. The multi-touch touch-sensitive panel of claim 1, wherein the electrical sensor

comprises an analog-to-digital converter circuit configured to output a signal

representing a voltage or current level of the at least one linear conductor within the

second array of linear conductors.

12. The multi-touch touch-sensitive panel of claim 1, wherein the switch comprises a

multiplexor circuit coupled between the first array of linear conductors and the applied

electrical signal.



13. The multi-touch touch-sensitive panel of claim 1, further comprising a

multiplexor circuit coupled between the second array of linear conductors and the

electrical sensor.

14. The multi-touch touch-sensitive panel of claim 1, wherein the switch comprises a

transistor coupled between one linear conductor within the first array of linear

conductors and the applied electrical signal, wherein the transistor is configured to

connect the linear conductor to the applied electrical signal in response to an applied

voltage signal.

15. A method for detecting touches on a conductive multi-touch touch-sensitive panel

including first and second arrays of linear conductors, comprising:

applying an electrical signal to a first linear conductor within the first array of

linear conductors; and

sensing an electrical value on each linear conductor within the second array of

linear conductors.

16. The method of claim 15, wherein the applied electrical signal is one of a voltage,

a ground, a current source and a current sink.

17. The method of claim 15, wherein sensing an electrical value comprises comparing

a voltage or current on each linear conductor within the second array of linear

conductors to a threshold value.

18. The method of claim 15, wherein sensing an electrical value comprises measuring

a voltage on each linear conductor within the second array of linear conductors.

19. The method of claim 15, wherein sensing an electrical value comprises measuring

a current on each linear conductor within the second array of linear conductors.



20. The method of claim 15, wherein sensing an electrical value on each linear

conductor within the second array of linear conductors comprises:

sequentially connecting each linear conductor within the second array of linear

conductors to an electrical sensor; and

sensing the electrical value with the electrical sensor.

21. The method of claim 15, further comprising:

sequentially applying the applied electrical signal to each linear conductor

within the first array of linear conductors; and

sensing an electrical value on each linear conductor within the second array of

linear conductors when the applied electrical signal is applied to each linear conductor

within the first array of linear conductor.

22. The method of claim 21, further comprising identifying a location of a touch on

the conductive multi-touch touch-sensitive panel based upon a linear conductor within

the second array of linear conductors for which the sensed electrical value exceeds a

threshold value and the linear conductor within the first array of linear conductors to

which the applied electrical signal is applied when the sensed electrical value exceeds

the threshold value.

23. A multi-touch touch-sensitive panel, comprising:

a first array of linear conductors;

a second array of linear conductors positioned in close proximity but

electrically isolated from the first array of linear conductors;

means for applying an electrical signal to each linear conductor in the first

array of linear conductors;

means for sensing an electrical value on each linear conductor in the second

array of linear conductors and providing an output in response thereto; and

means for determining a location of a touch on the panel based upon the output.



24. The multi-touch touch-sensitive panel of claim 23, wherein means for applying an

electrical signal to each linear conductor in the first array of linear conductors

comprises means for applying a voltage to each linear conductor in the first array of

linear conductors.

25. The multi-touch touch-sensitive panel of claim 23, wherein means for applying an

electrical signal to each linear conductor in the first array of linear conductors

comprises means for applying a ground voltage to each linear conductor in the first

array of linear conductors.

26. The multi-touch touch-sensitive panel of claim 23, wherein means for applying an

electrical signal to each linear conductor in the first array of linear conductors

comprises means for applying a current source to each linear conductor in the first

array of linear conductors.

27. The multi-touch touch-sensitive panel of claim 23, wherein means for applying an

electrical signal to each linear conductor in the first array of linear conductors

comprises means for applying a current sink to each linear conductor in the first array

of linear conductors.

28. The multi-touch touch-sensitive panel of claim 23, further comprising:

means for supporting the first array of linear conductors while allowing light to

pass through the first array of linear conductors;

means for supporting the second array of linear conductors while allowing light

to pass through the second array of linear conductors; and

means for displaying an image positioned beneath the first and second arrays of

linear conductors.

29. The multi-touch touch-sensitive panel of claim 23, wherein means for sensing an

electrical signal comprises means for outputting a signal when at least one linear



conductor within the second array of linear conductors exhibits a voltage that exceeds

a threshold value.

30. The multi-touch touch-sensitive panel of claim 23, wherein means for sensing an

electrical signal comprises means for outputting a signal representing a voltage level

of the at least one linear conductor within the second array of linear conductors.

31. The multi-touch touch-sensitive panel of claim 23, wherein means for applying an

electrical signal to each linear conductor in the first array of linear conductors

comprises means for sequentially applying the electrical signal to each of the first

array of linear conductors.

32. The multi-touch touch-sensitive panel of claim 23, means for sensing an electrical

signal on each linear conductor in the second array of linear conductors comprises

means for sequentially connecting each of the second array of linear conductors to an

electrical sensor.

33. The multi-touch touch-sensitive panel of claim 23, wherein means for applying a

voltage or current to each linear conductor in the first array of linear conductors

comprises means for individually connecting each linear conductor of the first array of

linear conductors to a source of the applied electrical signal in response to an applied

voltage signal.

34. The multi-touch touch-sensitive panel of claim 23, further comprising means for

maintaining a gap between the first and second arrays of linear conductors when the

panel is not touched.

35. A mobile device, comprising:

a processor; and

a multi-touch touch-sensitive panel coupled to the processor, the multi-touch

touch-sensitive panel comprising:



a first array of linear conductors;

a second array of linear conductors positioned in close proximity but

electrically isolated from the first array of linear conductors, wherein the linear

conductors in the first and second arrays are oriented at a non-zero angle with respect

to each other;

a switch configured to couple at least one linear conductor within the

first array of linear conductors to an applied electrical signal; and

an electrical sensor coupled to at least one linear conductor within the

second array of linear conductors.

36. The mobile device of claim 35, wherein the multi-touch touch-sensitive panel

further comprises:

a first transparent member coupled to the first array of linear conductors;

a second transparent member coupled to the second array of linear conductors;

and

a display element positioned beneath the first and second arrays of linear

conductors,

wherein the first and second transparent members are configured so that a

touch on the multi-touch touch-sensitive panel causes at least one linear conductor

within the first array of linear conductors to come into electrical contact with at least

one linear conductor within the second array of linear conductors.

37. The mobile device of claim 35, wherein the applied electrical signal is a voltage

source.

38. The mobile device of claim 35, wherein the applied electrical signal is ground.

39. The mobile device of claim 35, wherein the applied electrical signal is a current

source.



40. The mobile device of claim 35, wherein the applied electrical signal is a current

sink.

41. The mobile device of claim 35, wherein the first and second arrays of linear

conductors are configured so there is a gap between the first and second arrays of

linear conductors when the panel is not touched.

42. The mobile device of claim 41, further comprising a nonconductive material

positioned within the gap.

43. The mobile device of claim 35, wherein the electrical sensor comprises a

comparator circuit configured to output a signal when the at least one linear conductor

within the second array of linear conductors exhibits a voltage or current that exceeds

a threshold value.

44. The mobile device of claim 35, wherein the electrical sensor comprises an

inverter circuit.

45. The mobile device of claim 35, wherein the electrical sensor comprises an analog-

to-digital converter circuit configured to output a signal representing a voltage or

current level of the at least one linear conductor within the second array of linear

conductors.

46. The mobile device of claim 35, wherein the switch comprises a multiplexor

circuit coupled between the first array of linear conductors and the source of the

applied electrical signal.

47. The mobile device of claim 35, further comprising a multiplexor circuit coupled

between the second array of linear conductors and the electrical sensor.



48. The mobile device of claim 35, wherein the switch comprises a transistor coupled

between one linear conductor within the first array of linear conductors and the source

of the applied electrical signal, wherein the transistor is configured to connect the

linear conductor to the applied electrical signal in response to an applied voltage

signal.

49. A tangible storage media having stored thereon processor-executable software

instructions configured to cause a processor to perform steps comprising:

applying an electrical signal to a first linear conductor within a first array of

linear conductors; and

sensing an electrical value on each linear conductor within a second array of

linear conductors.

50. The tangible storage media of claim 49, wherein the stored processor-executable

software instructions are further configured such that the step of sensing an electrical

value comprises comparing a voltage on each linear conductor within the second array

of linear conductors to a threshold value.

51. The tangible storage media of claim 49, wherein the stored processor-executable

software instructions are further configured such that the step of sensing an electrical

value comprises measuring a voltage on each linear conductor within the second array

of linear conductors.

52. The tangible storage media of claim 49, wherein the stored processor-executable

software instructions are further configured such that the step of sensing an electrical

value comprises measuring a current on each linear conductor within the second array

of linear conductors.

53. The tangible storage media of claim 49, wherein the stored processor-executable

software instructions are further configured such that the step of sensing an electrical

value on each linear conductor within the second array of linear conductors comprises:



sequentially connecting each linear conductor within the second array of linear

conductors to an electrical sensor; and

sensing the electrical value with the electrical sensor.

54. The tangible storage media of claim 49, wherein the stored processor-executable

software instructions are configured to cause a processor to perform steps further

comprising:

sequentially applying the electrical signal to each linear conductor within the

first array of linear conductors; and

sensing an electrical value on each linear conductor within the second array of

linear conductors when the voltage is applied to each linear conductor within the first

array of linear conductor.

55. The tangible storage media of claim 54, wherein the stored processor-executable

software instructions are configured to cause a processor to perform steps further

comprising identifying a location of a touch on the conductive multi-touch touch-

sensitive panel based upon a linear conductor within the second array of linear

conductors for which the sensed electrical value exceeds a threshold value and the

linear conductor within the first array of linear conductors to which the electrical

signal is applied when the sensed electrical value exceeds the threshold value.
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