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A CAPACITIVE TOUCH SENSOR PARTIALLY INTEGRATED WITH LCD

DISPLAY

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a capacitive touch sensor, and in particular, it relates to a

capacitive touch sensor integrated with an LCD or other types of display.

Description of the Related Art

Traditional capacitive touch sensors usually have two layers of transparent conductive

traces. The traces are typically arranged perpendicular to each other. This type of capacitive

sensors typically requires two patterned ITO layers, along with other conductive traces to route

the signals. These ITO layers can be implemented either on two side of a single substrate or on

one side of two different substrates, where the two substrates are bonded together. In a typical

implementation, one layer of the traces is used to emit excitation signals, and other layer of

traces is used to detect these signals to sense the presence of a finger or other object. An

example of a double-sided touch sensitive panel is described in U.S. Pat. No. 7920129.

Almost all capacitive touch sensors are used together with LCD display panels, and are

located above the LCD display panel. Touch screen integrated with LCD display have also been

described. For example, U.S. Pat. No. 7995041 describes an "displays with touch sensing

circuitry integrated into the display pixel stackup . . . Circuit elements, such as touch signal lines,

such as drive lines and sense lines, grounding regions, in the display pixel stackups can be

grouped together to form touch sensing circuitry that senses a touch on or near the display. An

integrated touch screen can include multi-function circuit elements that can operate as circuitry

of the display system to generate an image on the display, and can also form part of a touch

sensing system that senses one or more touches on or near the display. The multi-function circuit

elements can be, for example, capacitors in display pixels that can be configured to operate as

storage capacitors/electrodes, common electrodes, conductive wires/pathways, etc., of the

display circuitry in the display system, and that may also be configured to operate as circuit

elements of the touch sensing circuitry." (Abstract.) Fig. 7 of this patent shows a cross-sectional

view of the display pixels.



U.S. Pat. No. 8040326 describes an integrated in-plane switching display and touch

sensor. "This relates to adding multi-touch functionality to a display without the need of a

separate multi-touch panel or layer overlaying the display. Instead, embodiments of the invention

can advantageously utilize existing display circuitry to provide multi-touch functionality while

adding relatively little circuitry that is specific to the multi-touch functionality. Thus, by sharing

circuitry for the display and the multi-touch functionalities, embodiments of the invention can be

implemented at a lower cost than the alternative of superimposing additional multi-touch related

layers onto an existing display panel. Furthermore, since the display and multi-touch

functionality can be implemented on the same circuit, they can be synchronized so that noise

resulting from the display functionality does not detrimentally affect the multi-touch

functionality and vice versa."

SUMMARY OF THE INVENTION

The present invention is directed to a capacitive touch sensor integrated with LCD

display that substantially obviates one or more of the problems due to limitations and

disadvantages of the related art.

An object of the present invention is to provide a capacitive touch sensor that has a

simple structure and is easy to manufacture.

Additional features and advantages of the invention will be set forth in the descriptions

that follow and in part will be apparent from the description, or may be learned by practice of the

invention. The objectives and other advantages of the invention will be realized and attained by

the structure particularly pointed out in the written description and claims thereof as well as the

appended drawings.

To achieve these and other advantages and in accordance with the purpose of the present

invention, as embodied and broadly described, the present invention provides capacitive touch

sensitive panel which includes: a display panel including a plurality of display elements forming

a matrix, a first set of signal lines coupled to the plurality of display elements, and a second set

of signal lines coupled to the plurality of display elements, the display panel having a top

surface; a driver circuit for driving the first and second sets of signal lines, wherein the driver

circuit drives the first set of signal lines with a drive signal that includes alternating first and

second time periods, the first time periods containing data signals and the second time periods



containing excitation signals for the touch sensitive panel; a sensor layer having a single layer of

transparent sensor traces formed above the top surface the display panel; and a touch sensor

circuit electrically coupled to the transparent sensor traces of the sensor layer for controlling and

processing signals from the sensor traces.

Preferably, the sensor layer includes the single layer of transparent sensor traces formed

on a flexible substrate, and wherein the flexible substrate is boned to the top surface of the

display panel.

In another aspect, the present invention provides a sensing method using a capacitive

touch sensitive panel including a display panel, the display panel including a plurality of display

elements forming a matrix, a first set of signal lines coupled to the plurality of display elements,

a second set of signal lines coupled to the plurality of display elements, and a sensor layer having

a single layer of transparent sensor traces formed above a top surface the display panel, the

method including: driving the first set of signal lines of the display panel with a drive signal that

includes alternating first and second time periods, the first time periods containing data signals

and the second time periods containing excitation signals for the touch sensitive panel; and

sensing the excitation signal during the second time periods using the sensor layer.

It is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 to 4 illustrate the structure of conventional LCD panels.

Figures 5 to 7 illustrate the structure of a touch sensitive panel according to an

embodiment of the present invention.

Figure 8 illustrate a timing sequence of the gate or source drive signal of the touch

sensitive panel according to an embodiment of the present invention.

Figures 9 to 11 illustrate the structure of conventional OLED panels.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention provide a capacitive touch sensor (also referred to

as touch sensitive panel or screen) that includes an LCD panel and a single layer of transparent



conductive traces above the LCD panel. One group of signal traces of the LCD panel, either the

gate signal traces or the source signal traces, is used to emit signals that function as the excitation

signals of the touch sensor, and the single layer of transparent conductive traces above the LCD

panel is used to detect the signals to sense touches. The single layer of transparent conductive

traces may be formed on a flexible medium and affixed to the upper surface of the LCD panel.

The LCD panel is similar to a conventional LCD panel except that the driver circuit is modified

so that the gate or source signals are used, in a time-division manner, as excitation signals of the

touch sensor.

A conventional LCD display panel typically includes a TFT switch matrix which drives

the liquid crystal display. In the TFT switch matrix, there are two groups of signals; in one

direction is the gate (also referred to as select) signals, and in other directions is the source (also

referred to as data) signals. Both these signals are switched at high speed to turn the liquid

crystal light valve (the TFTs) on and off at each pixel location. A conventional LCD panel is

shown in Figs. 1-4. Figs. 1 and 2 illustrate the structures of exemplary LCD panels. Fig. 3

shows an exemplary LCD driver chip. Fig. 4 is a schematic diagram showing the LCD panel and

the LCD driver chip and their electrical connections. The structures of conventional LCDs

illustrated in these figures are familiar to those skilled in the relevant art.

Specifically, as schematically illustrated in Fig. 1, the LCD panel includes a first glass

substrate 101, a layer of active components 102-106 disposed on the first glass substrate, a layer

of liquid crystal material 107 over the active layer, a common electrode layer (ITO) 108 over the

liquid crystal layer, a filter layer 109 including a patterned array of primary color filters over the

common electrode layer, and a second glass substrate 110. The layer of active components

includes a plurality of parallel gate (select) lines 102, a plurality of parallel source (data) lines

103 preferably perpendicular to the gate lines, a plurality of pixel electrodes 104 each

corresponding to an intersection of one gate line and one source line, a plurality of TFTs (thin

film transistors) 105 each corresponding to a pixel electrode and connected to the corresponding

gate line, source line and pixel electrode, and a plurality of storage capacitors 106 each

corresponding to a pixel electrode and connected between the pixel electrode and a gate line.

The LCD panel may additionally include polarizers 111 on the outside of the first and second

glass substrates 101 and 110.



The above described structure forms a transmission-type LCD panel. In a reflection-type

LCD panel, schematically illustrated in Fig. 2, a reflective layer is provided below the liquid

crystal layer. The touch sensor can be applied to both types of LCD panels.

Fig. 4 schematically illustrates a TFT layer 100 and an LCD driver chip 200 connected to

the various signal lines of the TFT layer (the other structures such as the substrates, the liquid

crystal, etc. are not shown in Fig. 4). The LCD driver chip 200 includes gate drivers 201

connected to the gate lines 102 of the TFT layer, source drivers 202 connected to the source lines

103 of the TFT layer, as well as other circuits including logic and timing control circuit 203,

memory module 204, interface module 205, power module 206, etc. interconnected to each other

as appropriate (not shown).

In embodiments of the present invention, the LCD panel has a structure similar to a

conventional LCD, except that the LCD driver circuitry is modifies to drive the gate lines or the

source lines to emit the excitation signal.

Figs. 5 and 6 schematically illustrate a touch sensitive panel according to an embodiment

of the present invention. Fig. 5 is based on the TFT layer shown in Fig. 4, and Fig. 6 is based on

the LCD panel shown in Fig. 1. In Fig. 5, the touch panel includes a TFT layer 100 having gate

(select) lines 102 and source (data) lines 103, which is the same as that shown in Fig. 4, but one

of the gate drivers 301 and source drivers 302 of the LCD driver circuit (LCD driver chip) 300 is

modified as will be described in more detail later. The other components of the LCD driver

circuit 300, including the other one of the gate drivers 310 and source drivers 302, the logic and

timing control circuit 303, memory module 304, interface module 305, and power module 306

are similar or identical to the corresponding components 203-206 of the conventional LCD panel

shown in Fig. 4 .

The touch sensitive panel further includes a sensor layer 400 with a single layer of

transparent sensor traces 401, and a touch sensor circuit (touch sensor chip) 500 electrically

coupled to the transparent sensor traces of the sensor layer for controlling and processing

(including amplifying) signals from the sensor traces. In this illustrated embodiment, the touch

sensor chip 500 is additionally electrically connected to the LCD driver chip 300 via a signal line

601. In an alternative structure (not shown), the touch sensor chip 500 is not electrically

connected to the LCD driver chip 300 (as will be explained later). In yet another embodiment,



the components of the touch sensor chip 500 and the LCD driver chip 300 may be integrated on a

single IC chip.

The sensor layer 400 includes a single layer of patterned ITO traces 401. Physically,

several configurations may be used. In a first configuration, the single layer of patterned ITO

traces is formed directly on a top surface of the LCD panel, such as on the surface of the color

filter. In a second configuration, the single layer of patterned ITO traces is formed on a separate

substrate, preferably a flexible substrate such as a flexible circuit board, and the substrate is

placed over the LCD panel or over a protective glass layer of the relevant device (e.g. a smart

phone or tablet computer). In a third configuration, the single layer of patterned ITO traces is

formed directly on the protective glass layer of the device (the smart phone or tablet computer).

Other configurations may also be used. Note that in Fig. 5, the TFT layer 100 and the sensor

layer 400 are shown as being offset, but this is only for the convenience of illustration; they are

in fact aligned with each other in the preferred embodiments.

In Fig. 6, components 101-111 are identical to components 101-111 of Fig. 1, and the

sensor layer 400 with patterned ITO traces 401 is overlaid on the LCD panel (the sensor layer

400 is shown here in a partially exploded view with respect to the LCD panel).

In the touch panel according to embodiments of the present invention, the excitation

signals for the touch sensor are emitted by the gate or source lines of the TFT layer which are

driven by the LCD driver circuit, either the gate line driver or the source line driver, in a time-

division manner. Fig. 8 shows an exemplary timing sequence, where the drive signals for the

gate or source lines are divided into alternating time periods, i.e. time periods Tl containing the

LCD display data and time periods T2 containing the touch screen excitation signal. The

respective lengths of the two periods may be, for example 12 ms and 4 ms, or any other suitable

time durations. The shape of the LCD drive signals during Tl can be any shape suitable for

driving the gate or source lines of the LCD panel; the shape of signals during T l can be any

shape suitable for touch sensor excitation signals. Thus, the gate drivers or source drivers in the

LCD driver chip are designed to drive the gate or source line in this fashion. During time

periods Tl, the gate and source drivers drive the TFTs using the data signal to display an image.

During time periods T2, the gate or source lines emit sensing signals which are detected by the

sensor layer 400.



In above-mentioned U.S. Pat. No. 7995041, a similar time-division scheme is used

(although the overall structure of the touch panel is much different from that described here);

Figs. 11A and 1IB of that patent shows an example of LCD drive signal and touch sensor

excitation signal, which may be use to implement embodiments of the present invention.

As schematically illustrated in Fig. 7, a number of gate (or source) lines 102 of the LCD

panel may be grouped to emit the same excitation signal in each group 102A for touch sensing.

The number of lines 102 in each group 102A may be determined based on the pixel size of the

LCD panel and the desired spatial resolution of the touch sensor.

A conventional touch sensor chip includes a driving section for generating drive signals

for the dedicated excitation traces, and a detecting section for receiving and processing detected

signals from the detecting traces. The touch sensor circuit according to embodiments of the

present invention does not require the dedicated excitation traces and corresponding driving

section (the gate or source lines of the LCD are used to emit excitation signals), but it does

includes a detecting section (touch sensor circuit 500) which may be similar to the detecting

section of a conventional touch sensor chip. The implementation of such detecting section is

within the ability of those of ordinary skill in the art. The principles of the touch sensing

operation is the same as in the conventional capacitive touch sensors which use a dedicated layer

traces to emit excitation signals and another layer of traces to detect these signals, except that

touch sensing operation only occurs during the time periods T2.

In embodiments of the present invention, the electronic circuits of the touch sensitive

panel may be implemented with different configurations. In a first implementation, shown in

Fig. 5, the touch sensor circuitry 500 is electrically coupled to the LCD driver circuit 300 and

receives timing signals about the time-divided LCD gate or source drive signal (see Fig. 8) from

the latter, via a signal line 601. The touch sensor circuitry 500 uses such timing signals to

synchronize the control and signal processing for the sensor layer 400 (e.g., it processes signals

detected on the sensor traces only during the time period T2). A variation of such

implementation is that the touch sensor circuitry 500 provides timing signals via the signal line

601 for LCD driver circuitry 300 to start the touch excitation signal sequence (e.g. time periods

T2 in Fig. 8). In a second implementation (not shown), the LCD drive circuit and the touch

sensor circuit are integrated on one IC chip. Timing signals may be appropriated provided to the

LCD driving circuit and the touch sensor circuit from a common timing control circuit. In a third



implementation, the touch sensor excitation signals are contains a pre-defined fixed sequence to

function as timing signals (sync); the touch sensor chip detects this timing signals from the

sensed excitation signal, and uses it to automatically synchronize its own functions with the

excitation signal. In this implementation, no direct wire connections between the LCD drive

circuitry 300 and the touch sensor circuitry 500 is required, and the timing signals is exchanged

in a wireless manner through signals on the LCD gate or source traces.

Conventional LCD displays may be either a passive type or an active TFT switched type;

the touch sensing principles described above can be use with both of these types of LCD

displays.

The touch sensing principles described above can also be applied in OLED (organic

light-emitting diode) displays (both passive and active TFT switched types). Fig. 9

schematically illustrates the structure of a conventional OLED display, which includes an x-y

matrix to drive the LEDs (light-emitting diode) in between. As shown in Fig. 9, the OLED panel

includes a glass substrate having ITO lines and contact pads formed thereon, a light emitting

polymer layer, a layer of cathode lines, and a package cover. Figs. 10 and 11 schematically

illustrate the structures of a passive matrix and a TFT switch matrix for OLED displays,

respectively. As shown in Figs. 10 and 11, an OLED panel (either passive type or the active

TFT switched type) has a set of data lines and a set of select lines to drive the pixels to form an

image. To provide for capacitive touch sensing for either type of OLEDs, one set of drive lines

of the OLED, either the select lines or data lines, can be used to generate touch sensor excitation

signals in a time-division manner in accordance with the principles described above. A sensor

layer with a single layer of transparent sensor traces and a touch sensor circuit similar to those

shown in Figs. 5 and 6 are provided for sensing touch signals.

The capacitive touch sensor according to embodiments of the present invention may be

considered to be partially integrated with the LCD or OLED display because a part of this

function (the excitation signal generation) is integrated with the LCD or OLED display.

Compared with the structures described in the Background section of this disclosure, the touch

sensitive panel according to embodiments of the present invention greatly simplifies the

construction of the capacitive touch sensor because only one dedicated layer of traces is needed

for the touch sensing function. Moreover, the touch sensitive panel according to embodiments of

the present invention has the advantage that it required no modification of the structure or



fabrication process of the LCD or OLED panel itself; only the drive signals for the gate or source

lines are modified.

It will be apparent to those skilled in the art that various modification and variations can

be made in the capacitive touch sensor and related methods of the present invention without

departing from the spirit or scope of the invention. Thus, it is intended that the present invention

cover modifications and variations that come within the scope of the appended claims and their

equivalents.



WHAT IS CLAIMED IS:

1. A capacitive touch sensitive panel comprising:

a display panel including a plurality of display elements forming a matrix, a first set of

signal lines coupled to the plurality of display elements, and a second set of signal lines coupled

to the plurality of display elements, the display panel having a top surface;

a driver circuit for driving the first and second sets of signal lines, wherein the driver

circuit drives the first set of signal lines with a drive signal that includes alternating first and

second time periods, the first time periods containing data signals and the second time periods

containing excitation signals for the touch sensitive panel;

a sensor layer having a single layer of transparent sensor traces formed above the top

surface the display panel; and

a touch sensor circuit electrically coupled to the transparent sensor traces of the sensor

layer for controlling and processing signals from the sensor traces.

2 . The capacitive touch sensitive panel of claim 1, wherein the sensor layer includes a

substrate having the single layer of transparent sensor traces formed thereon, and wherein the

substrate is boned to the top surface of the display panel.

3 . The capacitive touch sensitive panel of claim 1, wherein the substrate is a flexible

substrate.

4 . The capacitive touch sensitive panel of claim 1, wherein the transparent sensor traces of

the sensor layer are formed on the top surface of the display panel.

5 . The capacitive touch sensitive panel of claim 1, wherein the display panel is an LCD

(liquid crystal display) panel or an OLED (organic light emitting diode) display panel.

6 . The capacitive touch sensitive panel of claim 1, wherein the plurality of display elements

includes a plurality of TFTs (thin film transistors), and wherein the first set of signal lines are

gate lines or source lines connected to the plurality of TFTs.



7 . The capacitive touch sensitive panel of claim 1, further comprising a signal line coupling

the driver circuit and the touch sensor circuit, wherein the driver circuit provides, via the signal

line, a timing signal to the touch sensor circuit regarding the timing of the first and second time

periods, and wherein the touch sensor circuit electrically controls and processes signals from the

sensor traces according to the timing signal.

8. The capacitive touch sensitive panel of claim 1, further comprising a signal line coupling

the driver circuit and the touch sensor circuit, wherein the touch sensor circuit provides, via the

signal line, a timing signal to the driver circuit, and wherein the drive circuit determines the

timing of the first and second time periods according to the timing signal.

9 . The capacitive touch sensitive panel of claim 1, wherein the excitation signals in the

second time periods include a pre-defined sequence, and wherein the touch sensor circuit detects

the pre-defined sequence and uses it as a timing signal.

10. The capacitive touch sensitive panel of claim 1, wherein the excitation signals in the

second time periods are identical for a subset of adjacent ones of the first sets of signal lines.

11. A sensing method using a capacitive touch sensitive panel including a display panel, the

display panel including a plurality of display elements forming a matrix, a first set of signal lines

coupled to the plurality of display elements, a second set of signal lines coupled to the plurality

of display elements, and a sensor layer having a single layer of transparent sensor traces formed

above a top surface the display panel, the method comprising:

driving the first set of signal lines of the display panel with a drive signal that includes

alternating first and second time periods, the first time periods containing data signals and the

second time periods containing excitation signals for the touch sensitive panel; and

sensing the excitation signal during the second time periods using the sensor layer.

12. The sensing method of claim 11, wherein the plurality of display elements include a

plurality of TFTs (thin film transistors), and wherein the first set of signal lines are gate lines

source lines connected to the plurality of TFTs.



13. The sensing method of claim 11, wherein the excitation signals in the second time

periods are identical for a subset of adjacent ones of the first sets of signal lines.

14. The sensing method of claim 11, wherein the display panel is an LCD (liquid crystal

display) panel or an OLED (organic light emitting diode) display panel.
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