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(57) ABSTRACT

A multi-point sensing method used in a capacitive touch
panel is disclosed to detect the voltage variation of every
electrode patterned on two parallel electrode layers by means
of a capacitive sensing circuit, and measure the vertical
capacitance at the intersection crossed by the electrodes of the
two electrode layers where the voltage variation is detected,
and then compare the vertical capacitance thus measured with
the initial vertical capacitance at the same intersection before
touch, as a result, the intersection corresponding to the mea-
sured vertical capacitance can be determined as the touch
point when the comparison result shows different.

Detect two adjacent row electrodes 100 and horizontal row
capacitance Chr, two adjacent column electrodes 300 and horizontal
column capacitance Che, and vertical capacitance Cv intersected by
the row clectrodes 100 and column clectrodes 300 before touch cvent
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Store capacitance of Chr, Che and Cv
and voltages of corresponding row
electrodes100 and column electrodes 300

Continuously detect horizontal row capacitance Chr of two adjacent
column electrodes 300 and horizontal column capacitance Che of two
adjacent row electrodes 100 with AC signal
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Store positions of row electrodes 100° and
column electrodes 300" where voltage
variation is detected
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detected

Estimate predicted touch points P subject to intersected range of row
electrodes 100 and column electrodes 300° where voltage variation is
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points P with AC signal

Dctect vertical capacitance Cv® intersceted by row clectrodes 1007
and column clectrodes 300’ corresponding to the predicted touch

Compare each detected vertical capacitance
Cy’ with the respective capacitance Cv
detected  before  touch, determine the
predicted touch points P to be the actial
touch points when comparison result shows
different
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Output coordinate data of the actual touch points
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Detect two adjacent row electrodes 100 and horizontal row
capacitance Chr, two adjacent column electrodes 300 and horizontal
column capacitance Che, and vertical capacitance Cv intersected by
the row electrodes 100 and column electrodes 300 before touch event

Store capacitance of Chr, Che and Cv
and voltages of corresponding row
electrodes100 and column electrodes 300

Y

Continuously detect horizontal row capacitance Chr of two adjacent
column electrodes 300 and horizontal column capacitance Che of two
adjacent row electrodes 100 with AC signal

Store positions of row electrodes 100’ and
column electrodes 300 where voltage
variation is detected

y
Estimate predicted touch points P subject to intersected range of row

electrodes 100” and column electrodes 300° where voltage variation is
detected

A
Detect vertical capacitance Cv’ intersected by row electrodes 100
and column electrodes 300° corresponding to the predicted touch
points P with AC signal

Compare each detected vertical capacitance
Cv’ with the respective capacitance Cv
|, detected before touch, determine the
predicted touch points P to be the actual
touch points when comparison result shows
different

y

Output coordinate data of the actual touch points

FIG.4
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MULTIPOINT SENSING METHOD FOR
CAPACITIVE TOUCH PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Thepresent invention relates to touch panel technol-
ogy and more particularly, to a multipoint sensing method for
capacitive touch panel.

[0003] 2. Description of the Related Art

[0004] A touch panel technology of capacitive type is
capable of recognizing the touch of a human body by means
of detecting the variation of capacitance. The touch panel is
normally comprised of electrode arrays and a capacitive sens-
ing circuit. When sensing signals are inputted onto a top
electrode layer and a bottom electrode layer of the electrode
arrays, the capacitive sensing circuit detects the specific
capacitance of a plurality of capacitors which are formed
between the two electrode layers and located at each inter-
section crossed by row electrodes and column electrodes
patterned respectively on the two electrode layers. Therefore,
the capacitive sensing circuit can judge whether any human
touch happened on the touch panel to cause an equivalent
change of the capacitance during the process of reading the
capacitance at every intersection.

[0005] While determining the touch point and reading the
relatively capacitance, the capacitive sensing circuit needs to
obtain the current flows ofthe electrodes across the respective
touch point and to measure the respective capacitance after
the electrodes have been recharged to stable charge distribu-
tion. If the touch panel has a big size or needs to proceed the
detection of multiple touch points, the parasitic resistance
presenting in the current path may affect the detection signals
for determination of the touch point, extend the charging time
ofthe electrode capacitance and thereby causing an extension
ofthe response time of the capacitive sensing circuit, and give
rise to noise interference with the detection signals along the
charge transfer path as well as decrease the S/N ratio (signal-
to-noise ratio) of the detection signals measured by the
capacitive sensing circuit. Taking an example as regular trans-
parent electrodes applied for conducting wires of touch panel
and made from ITO (indium-tin oxide) material, which hav-
ing a higher resistive component than other regular metal
wires and with a relatively increasing rate of the resistance
subject to increase the touch panel size, the resistive factor of
the ITO material results in low response speed of the capaci-
tive sensing circuit, and additional sensing circuits will be
required if it is necessary for accelerating the response speed.
However, increasing the number of sensing circuits greatly
increases the circuit installation space and manufacturing
cost. In case of using a different electrode material to decrease
the resistance in the charge transfer path, electrode materials
currently available on the market do not have as high trans-
mittance for visible light as ITO electrodes to maintain light
transparency required for the touch panel.

[0006] US 2007/0257890A1 discloses a controller for
touch panel, which needs to provide an ASIC (Application
Specific Integrated Circuit) to interface with a digital signal
processor (DSP) in executing multipoint sensing. To solve the
problems resulted from the parasitic resistance existing in the
transparent electrode material, the ASIC includes detecting
signals of multiple waveforms outputted with different fre-
quencies for noise-free signal can be detected, a demodula-
tion circuit for filtering noise, and a time delay circuit to
match with delayed capacitive response time so as to raise the
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sensing accuracy. The ASIC further includes charge amplify
means, charge conversion means and static capacitance offset
means. Therefore, the circuit structure of this ASIC is com-
plicate and expensive to manufacture, increasing the manu-
facturing cost of the touch panel.

[0007] U.S. Pat. No. 6,466,036B1 provides a logic control
circuit with sensing capacitors and multiple switching
devices coupled with the capacitors to have the charge varia-
tion related to the touching event on a touch panel be directly
converted into a logic output for determination of touch point.
This technique simplifies the circuit structure and saves much
time in waiting for charge re-distribution of the capacitance.
However, when this technique is used for multiple touch
points application, more number of switch devices and sens-
ing capacitors must be provided, increasing circuit installa-
tion space and manufacturing cost as well.

SUMMARY OF THE INVENTION

[0008] The present invention has been accomplished under
the circumstances in view. It is therefore a main objective of
the present invention to provide a multipoint sensing method
for capacitive touch panel, which is a low-noise and rapid-
response sensing method satisfying the detecting require-
ments of big size touch panels. Another objective of the
present invention s to provide the multipoint sensing method
applied with only a few number of sensing circuits to achieve
rapid detection of the whole touch parel, saving the manu-
facturing cost of circuit fabrication.

[0009] To achieve these objectives of the present invention,
the multipoint sensing method uses a capacitive sensing cir-
cuit to detect the voltage variation of a plurality of first elec-
trodes and second electrodes, which are electrically insulated
with each other, and where the voltage variation is happened,
the capacitive sensing circuit measures the vertical capaci-
tance at the intersected point that is crossed by and between
the detected first electrode and second electrode and then
compares the vertical capacitance thus measured with the
initial vertical capacitance thus measured before touch event
at the same intersected point to determine the points to be
touched when the comparison result shows a difference. This
method eliminates the procedure of the prior art technique to
consequently detect the vertical capacitance at every inter-
sected point between the first electrodes and the second elec-
trodes, thus saving much sensing time. Further, according to
the multipoint sensing method of the present invention, one
single capacitive sensing circuit can achieve rapid detection
of the whole touch panel, and therefore the invention saves
much of the circuit manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWING

[0010] FIG. 1is a schematic structural view of a capacitive
touch panel embodying the present invention.

[0011] FIG. 2is a sectional view taken in an enlarged scale
along line 2-2 of FIG. 1.

[0012] FIG. 3 is a circuit diagram of the preferred embodi-
ment of the present invention.

[0013] FIG. 4 is an operation flow chart of the preferred
embodiment of the present invention.

[0014] FIG. 5A is a schematic drawing showing the posi-
tions of touch points according to the present invention.
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[0015] FIG. 5B is a schematic drawing showing predicted
touch points obtained subject to sensing of the corresponding
vertical capacitances according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Referring to FIGS. 1 and 2, a touch panel 1 is shown
comprising adisplay region 1A and a peripheral circuit region
1B. The display region 1A is a touch-sensing region, com-
prising a bottom electrode layer 10, a top electrode layer 30,
and an insulation layer 20 sandwiched between the bottom
electrode layer 10 and the top electrode layer 30. The periph-
eral circuit region 1B comprises a capacitive sensing circuit
40 for detecting and recognizing the sensed touch points of
the display region 1A. The bottom electrode layer 10 has row
electrodes 100 arranged in parallel at a predetermined interval
and extending to the peripheral circuit region 1B for electrical
connection to the capacitive sensing circuit 40. The insulation
layer 20 is made of an electrically insulated material, and
adapted to isolate the bottom electrode layer 10 and the top
electrode layer 30. The top electrode layer 30 has column
electrodes 300 arranged in parallel at a predetermined interval
and orthogonal to the row electrodes 100 within the display
region 1A, and extending to the peripheral circuit region 1B
for electrical connection to the capacitive sensing circuit 40 as
well. Therefore, the row electrodes 100 and the column elec-
trodes 300 can obtain electric potential from the capacitive
sensing circuit 40 so that capacitive characteristics can be
formed by adjacent row electrodes 100, adjacent column
electrodes 300, or intersected row and column electrodes 100
and 300. Except the aforesaid properties, the material adapted
for the bottom electrode layer 10, the insulation layer 20 and
the top electrode layer 30 preferably has excellent light trans-
mittance, that makes the touch panel 1 not only able to trans-
mit sensed touch message to the capacitive sensing circuit 40
for recognition but also capable of installing on the display
panel of a flat-panel display device to let the capacitive sens-
ing circuit 40 transmit the sensed touch message to the flat-
panel display device for driving to display the touch message
at the respective touch point.

[0017] The capacitive sensing circuit40 controls starting of
detection and storing the potential voltage of the row elec-
trodes 100 and column electrodes 300 and each capacitance
of adjacent row electrodes 100, adjacent column electrodes
300, and intersected row electrodes 100 and column elec-
trodes 300. Referring to FIG. 3, the capacitive sensing circuit
40 functions with the row electrodes 100 and the column
electrodes 300 as a circuit structure similar to an integrating
amplifier for filtering ambient high-frequency noises effec-
tively, therefore, the equivalent circuit model of the circuit
structure comprises a signal generator 41, an amplifier 42 and
an input resistance Rin. The signal generator 41 is adapted to
generate an AC signal Vi in the waveform as sine, square, or
other pulses of alternating polarity with a specific frequency
f. The sensing frequency f has a great dependent on the
detection speed of sensing variable capacitance, preferably
providing a sine wave signaling higher than 10k Hz to meet
capacitance variation and high speed detection requirement.
The amplifier 42 is constructed as a negative feedback ampli-
fier having two input ends 421, including a high input end
421 electrically connected to ground and a low input end
4215 electrically connected to the signal generator 41 via the
input resistor Rin, and one output end 422 feedback to the low
input end 4215 via an equivalent resistance Rt and an equiva-
lent capacitance Ct formed by the two adjacent row electrodes

May 13,2010

100, the two adjacent column electrodes 300 or each inter-
sected row and column electrodes 100 and 300. When the
signal generator 41 generates an AC signal Vi with frequency
f, the output end 422 of the amplifier 42 produces an output
voltage Vo=Vi*[(Rt/Rin)+1/2x*f*Rin*Ct)]. Thus, as shown
in FIG. 4, the sensing method of controlling the touch panel 1
runs subject to the steps as follows:

[0018] 1. After start-up, the signal generator 41 outputs an
AC signal Vi to provide electric potential alternately to the
two adjacent row electrodes 100, two adjacent column elec-
trodes 300 and each intersected row and column electrodes
100 and 300, which inducing a horizontal row capacitance
Chr, a horizontal column capacitance Che and a vertical
capacitance Cv respectively, and thereby obtaining a corre-
sponded output voltage Vo at the output end 422 of the ampli-
fier 42.

[0019] 2. The capacitive sensing circuit 40 stores the output
voltage Vo of the coupled row electrodes 100 and column
electrodes 300 corresponding to the horizontal row capaci-
tance Chr, the horizontal column capacitance Che and the
vertical capacitance Cv, and then calculates and stores the
values of the horizontal row capacitance Chr, the horizontal
column capacitance Che and the vertical capacitance Cv
before touch.

[0020] 3.The signal generator 41 continuously outputs the
AC signal Vi to scan the horizontal row capacitance Chr and
the horizontal column capacitance Che of each two adjacent
row electrodes 100 and each two adjacent column electrodes
300 in proper order. When either a human body or a touch-
sensing tool touches the touch panel 1, which means for
introducing a respective grounding current or potential signal
to change the electric potential of the touched electrodes 100
or 300 and affect the related capacitance coupled with the
touched electrode 100 or 300, the output voltage Vo is
changed once the AC signal Vi passes through the related row
electrodes 100" and column electrodes 300" that crossing the
touch points. After comparison with the output voltage of the
respective row electrodes 100 and column electrodes 300
stored before touch in step 2, the position data of the row
electrodes 100" and column electrodes 300" corresponding to
the changed output voltage is stored.

[0021] 4. According to the position data stored in step 3,
predicts the possible touch points within the intersected
region of the row electrodes 100" and column electrodes 300"
subject to the detected values of the changed output voltages
of the row electrodes 100" and column electrodes 300'. For
example, if the coordinates of one touch point is (3, 3), the
rows stored in the position data of which the output voltage
happened to change in step 3 are row 2, row 3 and row 4, and
the columns stored in the position data are column 2, column
3 and column 4, thus the coordinates (2, 2), (2, 3), (2, 4), (3,
2),(3,3),(3,4),(4,2),(4,3)and (4, 4) are the possible touch
points. Further, if there are multiple touch points a, b, ¢, d as
shown in FIG. 5A, the equivalent resistance and capacitance
of every two adjacent row electrodes 100" and every two
adjacent column electrodes 300' electrically coupled with the
touch points a, b, ¢, d can be estimated subject to the respec-
tive output voltage gained by the signaling result of the AC
signal Vi through the two adjacent row electrodes 100' and the
two adjacent column electrode 300" respectively, and in con-
sequence, the possible touch region on each of the row elec-
trode 100" and each of the column electrode 300’ is estimated;
therefore, once the possible touch region on each of the row
electrode 100" and each of the column electrode 300" are
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cross-matched, all predicted touch points P containing the
actual touch points a, b, ¢, d can be obtained.

[0022] 5.The signal generator 41 provides AC signal Vi to
the row electrodes 100" and column electrodes 300" crossing
each of the predicted touch points P, thereby obtaining the
vertical capacitance Cv' of each predicted touch point P. The
vertical capacitance Cv' of each predicted touch point P is
respectively compared with the vertical capacitance Cv cal-
culated subject to step 2, and some of the predicted touch
points P are determined to be the actual touch points a, b, ¢, d
if the comparison results show a different, at this time, the
coordinates data of each touch point a, b, ¢, d is outputted.
[0023] Therefore, the sensing method provided by the
present invention improves the sensing speed. According to
conventional techniques, if the touch panel has M columns
and N rows, i.e., M*N numbers of vertical capacitances, it
takes the sensing time of measuring M*N numbers of indi-
vidual capacitance to finish sensing the touch panel. By
means of the two-step sensing rule, it only requires detecting
the horizontal capacitance structure between the adjacent
parallel electrodes of N rows and M columns and then mea-
suring the vertical capacitance of every predicted touch point
P, thereby greatly shortening the time spent on sensing all of
the vertical capacitances on the touch panel. Furthermore, the
design of the present invention requires only at least one
capacitive sensing circuit to achieve sensing of the whole
touch panel, other embodiment of providing four capacitive
sensing circuits may be arranged on the four sides of the touch
panel. The improvement of sensing speed will be more appar-
ent when the invention is used in a larger sized touch panel,
especially the number of circuit components of each capaci-
tive sensing circuit is not increased subject to increasing of
the size of the touch panel, as well as saving much more cost
on circuit fabrication.

[0024] Although a particular embodiment of the invention
has been described in detail for purposes of illustration, vari-
ous modifications and enhancements may be made without
departing from the spirit and scope of the invention. Accord-
ingly, the invention is not to be limited except as by the
appended claims.

What is claimed is:

1. A multipoint sensing method used in a capacitive touch
panel comprising a first electrode layer and a second elec-
trode layer being electrically insulated and stacked with said
first electrode layer, and adapted to sense multiple touch
points when touch event occurs on one of the first electrode
layer and the second electrode layer, the multipoint sensing
method comprising the steps of:

a). inputting AC signals to multiple first electrodes of the
first electrode layer and multiple second electrodes of
the second electrode layer before touch event so as to
detect a first capacitance between each two adjacent first
electrodes, a second capacitance between each two adja-
cent second electrodes and a vertical capacitance inter-
sected between one of the first electrode and one of the
second electrode;

b). using the AC signal to detect variation of each of the first
capacitance and each of the second capacitance, and
recording to positions of the respective first electrodes
and second electrodes which corresponding to the first
capacitance and the second capacitance that are
changed; and

¢). using the AC signal to measure the vertical capacitance
at each of the positions intersected by the respective first
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electrode and second electrode recorded in step b), and
comparing the vertical capacitance thus obtained with
the initial vertical capacitance measured in step a), and
determining the intersected positions to be the touch
points when the respective comparison result shows a
difference.

2. The multipoint sensing method as claimed in claim 1,
further comprising a capacitive sensing procedure for mea-
suring one of the first capacitance, the second capacitance and
the vertical capacitance, the capacitance sensing procedure is
to provide a negative feedback amplifier having one of the
first capacitance, the second capacitance and the vertical
capacitance to be a feedback loop for respectively measuring
one of the first capacitance, the second capacitance and the
vertical capacitance.

3. The multipoint sensing method as claimed in claim 2,
wherein the amplifier comprises a high input end electrically
grounded, a low input end adapted to receive the AC signal,
and an output end for feeding output signal back to the low
input end.

4. The multipoint sensing method as claimed in claim 3,
wherein the low input end and the output end of the amplifier
are respectively electrically connected to two adjacent first
electrodes of the first electrode layer during sensing each of
the first capacitance.

5. The multipoint sensing method as claimed in claim 3,
wherein the low input end and the output end of the amplifier
are respectively electrically connected to two adjacent second
electrodes of the second electrode layer during sensing each
of the second capacitance.

6. The multipoint sensing method as claimed in claim 3,
wherein the low input end and the output end of the amplifier
are respectively electrically connected to one of the first elec-
trode and one of the second electrode during sensing each of
the vertical capacitance.

7. The multipoint sensing method as claimed in claim 2,
further comprising a step of providing an input resistor elec-
trically connected with the feedback loop of the amplifier for
constructing an integrating amplifier with one of the first
capacitance, the second capacitance and vertical capacitance.

8. The multipoint sensing method as claimed in claim 1,
wherein the step of detecting variation of the first capacitance
is to input the AC signal to one of the two adjacent first
electrodes and then to detect the voltage variation of the other
one of the two adjacent first electrodes.

9. The multipoint sensing method as claimed in claim 8,
further comprising the step of estimating the variation of the
equivalent resistance and equivalent capacitance of the two
adjacent first electrodes according to the detected voltage
variation for evaluating the region on the first electrodes adja-
cent to the touch point.

10. The multipoint sensing method as claimed in claim 8,
wherein the method of detecting the variation of the second
capacitance during step b) is to input the AC signal to one of
the two adjacent second electrodes and then to detect the
voltage variation of the other one of the two adjacent second
electrodes.

11. The multipoint sensing method as claimed in claim 10,
further comprising the step of estimating the variation of the
equivalent resistance and equivalent capacitance of the two
adjacent second electrodes according to the detected voltage
variation for evaluating the region on the second electrodes
adjacent to the touch point.
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12. A multipoint sensing method used in a capacitive touch
panel comprising a plurality of first electrodes arranged on a
first plane in a first direction and a plurality of second elec-
trodes arranged on a second plane in a second direction, and
adapted to sense multiple touch points when touch event
occurs on the touch panel, the multipoint sensing method
comprising the steps of:

a) calculating and storing an initial vertical capacitance at
every intersection crossed by each of the first electrodes
and each of the second electrodes;

b) monitoring the voltage variation of the first electrodes
and the second electrodes and recording the position
where causing the voltage variation; and

¢) detecting each vertical capacitance intersected by the
first electrodes and the second electrodes which crossing
the recorded position, and comparing the detected ver-
tical capacitance with the initial vertical capacitance
stored in step a) respective to the recorded position, and
then determining the intersection corresponding to the
detected vertical capacitance to be the touch point when
the comparison result shows different.

13. The multipoint sensing method as claimed in claim 12,

wherein the method of detecting the voltage variation of the
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first electrodes is to input an AC signal to one of two adjacent
first electrodes and then to read the output voltage from the
other one of the two adjacent first electrodes.

14. The multipoint sensing method as claimed in claim 13,
further comprising the step of providing a negative feedback
amplifier for having the two adjacent first electrodes to be a
feedback loop of the negative feedback amplifier.

15. The multipoint sensing method as claimed in claim 14,
wherein the amplifier comprises a high input end electrically
grounded, a low input end for receiving AC signal, and an
output end for feeding output signal back to the low input end.

16. The multipoint sensing method as claimed in claim 12,
wherein the method of detecting the voltage variation of the
second electrodes is to input an AC signal to one of two
adjacent second electrodes and then to read the output voltage
from the other one of the two adjacent second electrodes.

17. The multipoint sensing method as claimed in claim 16,
further comprising the step of providing a negative feedback
amplifier for having the two adjacent second electrodes to be
a feedback loop of the negative feedback amplifier.
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