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the processor. The computer system further includes a touch
screen that is operatively coupled to the processor. The touch
screen is a substantially transparent panel that is positioned
in front of the display. The touch screen is configured to
track multiple objects, which rest on, tap on or move across
the touch screen at the same time. The touch screen includes
a capacitive sensing device that is divided into several
independent and spatially distinct sensing points that are
positioned throughout the plane of the touch screen. Each
sensing point is capable of generating a signal at the same
time. The touch screen also includes a sensing circuit that
acquires data from the sensing device and that supplies the
acquired data to the processor.

[0014] The invention relates, in another embodiment, to a
touch screen method. The method includes driving a plu-
rality of sensing points. The method also includes reading
the outputs from all the sensing lines connected to the
sensing points. The method further includes producing and
analyzing an image of the touch screen plane at one moment
in time in order to determine where objects are touching the
touch screen. The method additionally includes comparing
the current image to a past image in order to determine a
change at the objects touching the touch screen.

[0015] The invention relates, in another embodiment, to a
digital signal processing method. The method includes
receiving raw data. The raw data includes values for each
transparent capacitive sensing node of a touch screen. The
method also includes filtering the raw data. The method
further includes generating gradient data. The method addi-
tionally includes calculating the boundaries for touch
regions base on the gradient data. Moreover, the method
includes calculating the coordinates for each touch region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will be readily understood by the
following detailed description in conjunction with the
accompanying drawings, wherein like reference numerals
designate like structural elements, and in which:

[0017] FIGS. 1A and 1B show a user holding conven-
tional touch screens.

[0018] FIG. 2 is a perspective view of a display arrange-
ment, in accordance with one embodiment of the present
invention.

[0019] FIG. 3 shows an image of the touch screen plane
at a particular point in time, in accordance with one embodi-
ment of the present invention.

[0020] FIG. 4 is a multipoint touch method, in accordance
with one embodiment of the present invention.

[0021] FIG. 5 is a block diagram of a computer system, in
accordance with one embodiment of the present invention.

[0022] FIG. 6 is a partial top view of a transparent
multiple point touch screen, in accordance with one embodi-
ment of the present invention.

[0023] FIG. 7 is a partial top view of a transparent multi
point touch screen, in accordance with one embodiment of
the present invention.

[0024] FIG. 8 is a front elevation view, in cross section of
a display arrangement, in accordance with one embodiment
of the present invention.
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[0025] FIG. 9 is a top view of a transparent multipoint
touch screen, in accordance with another embodiment of the
present invention.

[0026] FIG. 10 is a partial front elevation view, in cross
section of a display arrangement, in accordance with one
embodiment of the present invention.

[0027] FIGS. 11A and 11B are partial top view diagrams
of'a driving layer and a sensing layer, in accordance with one
embodiment.

[0028] FIG. 12 is a simplified diagram of a mutual capaci-
tance circuit, in accordance with one embodiment of the
present invention.

[0029] FIG. 13 is a diagram of a charge amplifier, in
accordance with one embodiment of the present invention.

[0030] FIG. 14 is a block diagram of a capacitive sensing
circuit, in accordance with one embodiment of the present
invention.

[0031] FIG. 15 is a flow diagram, in accordance with one
embodiment of the present invention.

[0032] FIG. 16 is a flow diagram of a digital signal
processing method, in accordance with one embodiment of
the present invention.

[0033] FIGS. 17A-E show touch data at several steps, in
accordance with one embodiment of the present invention

[0034] FIG. 18 is a side elevation view of an electronic
device, in accordance with one embodiments of the present
invention.

[0035] FIG. 19 is a side elevation view of an electronic
device, in accordance with one embodiments of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] Embodiments of the invention are discussed below
with reference to FIGS. 2-19. However, those skilled in the
art will readily appreciate that the detailed description given
herein with respect to these figures is for explanatory
purposes as the invention extends beyond these limited
embodiments.

[0037] FIG. 2 is a perspective view of a display arrange-
ment 30, in accordance with one embodiment of the present
invention. The display arrangement 30 includes a display 34
and a transparent touch screen 36 positioned in front of the
display 34. The display 34 is configured to display a
graphical user interface (GUI) including perhaps a pointer or
cursor as well as other information to the user. The trans-
parent touch screen 36, on the other hand, is an input device
that is sensitive to a user’s touch, allowing a user to interact
with the graphical user interface on the display 34. By way
of example, the touch screen 36 may allow a user to move
an input pointer or make selections on the graphical user
interface by simply pointing at the GUI on the display 34.

[0038] In general, touch screens 36 recognize a touch
event on the surface 38 of the touch screen 36 and thereafter
output this information to a host device. The host device may
for example correspond to a computer such as a desktop,
laptop, handheld or tablet computer. The host device inter-
prets the touch event and thereafter performs an action based



