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A touch panel having a transparent capacitive sensing
mediumconfiguredto detectmultiple touches ornear touches
that occur at the same time and at distinct locations in the
plane of the touch panel and to produce distinct signals rep-
resentative of the location of the touches on the plane of the
touch panel for each of the multiple touches is disclosed.

11 Claims, 14 Drawing Sheets
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MULTIPOINT TOUCHSC--

BACKGROUND OF THE um v tus 11ON

1. Field of the Invention
The present invention relates generally to an electronic

device having a touch ---. More particularly, the present
inventionrelates to a touch screen capableofsensing multiple
points at the same time.

2. Description of the Related Art
Thereexist today many styles ofinput devices forperform-

ing operations in a computer system. The operations gener-
ally correspond to moving a cursor and/or making selections
on a display screen. By way of example, the input devices
may include buttons orkeys, mice, trackballs, touchpads, joy
sticks, touch -- andthe like. Touch---, in particular,
are becoming increasingly popular because of their ease and
versatility of operation as well as to their declining price.
Touch screens allow a user to make selections and move a
cursor by simply touching the display screen via a finger or
stylus. In general, the touch screen recognizes the touch and
position of the touch on the display screen and the computer
system interprets the touch and thereafterperforms an action
based on the touch event.

Touch screens typically include a touch panel, a controller
and a software driver. The touch panel is a clear panel with a
touch sensitive surface. The touch panel is positioned in front
of a display screen so that the touch sensitive surface covers
the viewable area of the display screen. The touch panel
registers touch events and sends these signals to the control-
ler. The controller processes these signals and sends the data
to the computer system. The software driver translates the
touch events into computer events.

There are several types of touch screen technologies
including resistive, capacitive, infrared, surface acoustic
wave, electromagnetic, near field imaging, etc. Each ofthese
devices has advantages and disadvantages that are taken into
account when designing or configuring a touch screen. In
resistive technologies, the touch panel is coated with a thin
metallic electrically conductive andresistive layer. When the
panel is touched, the layers come into contact therebyclosing
a switch that registers the position of the touch event. This
information is sent to the controller for further processing. In
capacitive technologies, the touch panel is coated with a
material that stores electrical charge. When the panel is
touched, a small amount of charge is drawn to the point of
contact. Circuits located at each corner of the panel measure
the charge and send the information to the controller for
processmg.

In surface acoustic wave technologies, ultrasonic waves
are sent horizontally and vertically over the touch screen
panel as for example by transducers. When the panel is
touched, the acoustic energy of the waves are absorbed. Sen-
sors located across from the transducers detect this change
and send the information to the controller for processing. In
infrared technologies, light beams are sent horizontally and
vertically over the touch panel as for example by light emit-
ting diodes. When the panel is touched, some of the light
beams emanating from the light emitting diodes are inter-
rupted. Light detectors located across from the light emitting
diodes detect this change and send this information to the
controller for processing.

One problem found in all ofthese technologies is that they
are only capable of reporting a single point even when mul-
tiple objects are placed on the sensing surface. That is, they
lack the ability to track multiple points of contact simulta-
neously. In resistive and capacitive technologies, an average

2
of all simultaneously-- ng touch points are determined
and a single point which falls somewhere between the touch
points is reported. In surface wave and infrared tecimologies,
it is impossible to discern the exact positionofmultiple touch

5 points that fall on the same horizontal or vertical lines due to
masking. In either case, faulty results are generated.

These problems are particularly problematic in tablet PCs
where one hand is used to hold the tablet and the other is used
to generate touch events. For example, as shown in FIGS. 1A

10 and 1B, holding a tablet 2 causes the thumb 3 to overlap the
edge ofthe touch sensitive surface 4 ofthe touch screen 5. As
shown in FIG. 1A, if the touch technology uses averaging, the
teclmique used by resistive and capacitive panels, then a
single point that falls somewherebetween the thumb 3 of the

15 left hand and the index fmger 6 of the right hand would be
reported. As shown in FIG. 1B, if the technology uses pro-
jection scanning, the technique used by infra red and SAW
panels, it is hard to discern the exact vertical position of the
index finger 6 due to the large vertical component of the

20 thumb 3. The tablet 2 can only resolve the patches shown in
gray. In essence, the thumb 3 masks out the vertical position
of the index fmger 6.

SI IMM^ Y OF THE no -o -ON
25

The invention relates, in one embodiment, to a touch panel
having a transparentcapacitive sensingmedium configured to
detect multiple touches or near touches that occurat the same
time and at distinct locations in the plane of the touch panel

30 and to produce distinct signals representative of the location
of the touches on the plane of the touch panel for each of the
multiple touches.

The invention relates, in another embodiment, to a display
35 arrangement. The display arrangement includes a display

having a screen for displaying a graphical user interface. The
display arrangement further includes a transparent touch
panel allowing the screen to be viewed therethrough and
capable of recognizing multiple touch events that occur at

40 different locations on the touch sensitive surface ofthe touch
screen at the same time and to output this information to a host
device.

The invention relates, in another embodiment, to a com-
puter implemented method. The method includes receiving

45 multiple touches on the surface ofa transparent touch screen
at the same time. The method also includes separately recog-
nizing each of the multiple touches. The method further
includes reporting touch data based on the recognized mul-
tiple touches.

50 The invention relates, in another embodiment, to a com-
puter system. The computer system includes a processor con-
figured to execute instructions and to carry out operations
associated with the computer system. The computer also
includes a display device that is operatively coupled to the

55 processor. The computer system further includes a touch
screen that is operatively coupled to the processor. The touch
screen is a substantially transparentpanel that is positionedin
front of the display. The touch screen is configured to track
multiple objects, which rest on, tap on or move across the

60 touch screen at the same time. The touch screen includes a
capacitive sensing device that is divided irto several indepen-
dent and spatially distinct sensing points that are positioned
throughout the plane of the touch screen. Each sensing point
is capable ofgenerating a signal at the same time. The touch

65 screen also includes a sensing circuit that acquires data from
the sensing device and that supplies the acquired data to the
pr^^^-r
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lines as for example ITO to provide the best possible index
matching. As should be appreciated, the dummy features will
more than likely still produce some gaps, but these gaps are
much smaller than the gaps found between the lines (many
orders of magnitude smaller). These gaps, therefore have
minimal impact on the visual appearance. While this may be
the case, index matching materials may be additionally
applied to the gaps between the dummy features to further
improve the visual appearance of the touch screen. The dis-
tribution, size, number, dimension, and shape of the dununy
features may be widely varied.

FIG. 12 is a simplified diagram of a mutual capacitance
circuit 220, in accordance with one embodiment of the
present invention. The mutual capacitance circuit 220
includes a driving line 222 and a sensing line 224 that are
spatially separated thereby forming a capacitive coupling
node 226. The driving line 222 is electrically coupled to a
voltage source 228, and the sensing line 224 is electrically
coupled to a capacitive sensing circuit 230. The driving line
222 is configured to carry a current to the capacitive coupling
node 226, and the sensing line 224 is configured to carry a
current to the capacitive sensing circuit 230. When no object
is present, the capacitive coupling at the node 226 stays fairly
constant. When an object 232 such as a finger is placed
p, ,,,,«-te the node 226, the capacitive coupling changes
through the node 226 changes. The object 232 effectively
shunts some of the field away so that the charge projected
across the node 226 is less. The change in capacitive coupling
changes the current that is carried by the sensing lines 224.
The capacitive sensing circuit 230 notes the current change
and the position of the node 226 where the current change
occurred and reports this information in a raw or in some
processed form to a host controller. The capacitive sensing
circuit does this for each node 226 at about the same time (as
viewed by a user) so as to provide multipoint sensing.

sensing points 262 (electrode, nodes, etc.), to process the data
and to output processed data to a host controller.

The sensing circuit 260 includes a multiplexer264 (MUX).
The multiplexer 264 is a switch configured to perform time

5 Inultiplexing. As shown, the MUX 264 includes a plurality of
independent input channels 266 for receiving signals from
each of the sensing points 262 at the same time. The MUX
264 stores all of the incoming signals at the same time, but
sequentially releases them one at a time through an output

10 channel 268.
The sensing circuit 260 also includes an analog to digital

converter 270 (ADC) operatively coupled to the MUX 264
through the output channel 268. The ADC 270 is configured

15 to digitize the incoming analog signals sequentially one at a
time. That is, the ADC 270 converts each of the incoming
analog signals into outgoing digital signals. The input to the
ADC 270 generally corresponds to a voltage having a theo-
retically infinite numberofvalues. The voltage varies accord-

20 ing to the amountofcapacitivecouplingat each ofthe sensing
points 262. The output to theADC 270, on the other hand, has
a definednumberof states. The states generally have predict-
able exact voltages or currents.

The sensing circuit 260 also includes a digital signal pro-
25 cessor 272 (DSP) operatively coupled to the ADC 270

through another channel 274. The DSP 272 is a program-
mable computerprocessing unit that works to clarify or stan-
dardize the digital signals via high speed mathematical pro-
cessing. The DSP 274 is capable of differentiating between

30 human made signals, which have order, and noise, which is
inherently chaotic. In most cases, the DSP performs filtering
and conversion algorithms using the raw data. By way of
example, the DSP may filter noise events from the raw data,
calculate the touch boundaries for each touch that occurs on

35 the touch screen at the same time, and thereafter determine
the coordinates for each touch event. The coordinates of the

The sensing line 224 may contain a filter 236 for eliminat-
ing parasitic capacitance 237, which may for example be
created by the large surface area of the row and column lines
relative to the other lines and the system enclosure at ground
potential. Generally speaking, the filter rejects stray capaci-
tance effects so that a clean representation of the charge
transferred across the node 226 is outputted (and not anything
in addition to that). That is, the filter 236 produces an output
that is not dependent on the parasitic capacitance, but rather 45
on the capacitance at the node 226. As a result, a more accu-
rate output is produced.

FIG. 13 is a diagram of an inverting amplifier 240, in
accordance with one embodiment of the present invention.
The inverting amplifier 240 may generally correspond to the so
filter 236 shown in FIG. 12. As shown, the inverting amplifier
includes a non inverting input that is held at a constant voltage
(in this case ground), an inverting input that is coupled to the
node and an output that is coupled to the capacitive sensing
circuit 230. The output is coupled back to the inverting input ss
through a capacitor. During operation, the input from the
node may be disturbedby stray capacitance effects, i.e., para-
sitic capacitance. Ifso, the inverting amplifier is configured to
drive the input back to the same voltage that it had been
previously before the stimulus. As such, the value of the so
parasitic capacitance doesn't matter.

FIG. 14 is a block diagram of a capacitive sensing circuit
260, in accordance with one embodiment of the present
invention. The capacitive sensing circuit 260 may for
example correspond to the capacitive sensing circuits 65
described in the previous figures. The capacitive sensing cir-
cuit 260 is configured to receive input data from a plurality of

touch events may then be reported to a host controller where
they can be compared to previous coordinates of the touch
events to determinewhat actionto perform in the host device.

FIG. 15 is a flow diagram 280, in accordance with one
embodiment of the present invention. The method generally
begins at block 282 where a plurality of sensing points are
driven. For example, a voltage is applied to the electrodes in
self capacitance touch screens or through driving lines in
mutual capacitance touch --. In the later, each driving
line is driven separately. That is, the driving lines are driven
one at a time therebybuildingup chargeon all the intersecting
sensing lines. Followingblock 282, the process flow proceeds
to block 284 where the outputs (voltage) fiom all the sensing
points are read. This block may include multiplexing and
digitizing the outputs. For example, in mutual capacitance
touch screens, all the sensing points on one row are multi-
plexedanddigitizedandthis is repeateduntil all the rows have
been sampled. Following block 284, the process flow pro-
ceeds to block 286 where an image or other form of data
(signal or signals) ofthe touch screenplane at one moment in
time can be produced and thereafter analyzed to determine
where the objects are touching the touch screen. By way of
example, the boundaries for each unique touch can be calcu-
lated, and thereafter the coordinates thereof can be found.
Followingblock 286, the process flow proceeds to block 288
where the current image or signalis comparedto a past image
or signal in order to determine a change in pressure, location,
direction, speed and acceleration for each object on the plane
of the touch screen. This information can be subsequently
used to perform an action as for example moving a pointer or
cursor or making a selection as indicated in block 290.
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