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1
HOVER AND TOUCH DETECTION FOR
DIGITIZER

RELATED APPLICATIONS

The present application claims the benefit under section 35
U.S.C. §119(e) of U.S. Provisional Application No. 60/830,
136 filed on Jul. 12, 2006 and U.S. Provisional Application
No. 60/834,562 filed on Aug. 1, 2006 both of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a digitizer, and more par-
ticularly to fingertip touch sensitive digitizers.

BACKGROUND OF THE INVENTION

Touch technologies are commonly used as input devices
for a variety of products. The usage of touch devices of
various kinds is growing sharply due to the emergence of new
mobile devices such as Personal Digital Assistants (PDA),
tablet PCs and wireless flat panel displays (FPD). Some of
these devices are not connected to standard keyboards, mice
or like input devices, which are deemed to limit their mobility.
Instead there is a tendency to use touch input technologies of
one kind or another. A stylus and/or finger may be used as a
user interaction.

U.S. Pat. No. 6,690,156 entitled “Physical Object Location
Apparatus and Method and a Platform using the same” and
US Patent Publication No. 20040095333 entitled “Transpar-
ent Digitizer” both of which are assigned to N-trig Ltd., the
contents of both which are incorporated herein by reference,
describe an electro-magnetic method for locating physical
objects on a FPD and a transparent digitizer that can be
incorporated into an electronic device, typically over the
active display screen. The digitizer sensor includes a matrix
of vertical and horizontal conducting lines to sense an electric
signal. Positioning the physical object at a specific location on
the digitizer provokes a signal whose position of origin may
be detected.

U.S. Patent Application Publication No. 20040155871
entitled “Touch Detection for a Digitizer” assigned to N-trig
Ltd, which is incorporated herein by reference, describes a
digitizing tablet system capable of detecting position of
physical objects and/or fingertip touch using the same sensing
conductive lines. Typically, the system includes a transparent
sensor overlaid on a FPD. The digitizer’s sensor includes a
matrix of vertical and horizontal conducting lines to sense an
electric signal. Touching the digitizer in a specific location
provokes a signal whose position of origin may be detected.

U.S. Patent Application Publication No. 20060012580,
entitled “Automatic switching for a dual mode digitizer”
assigned to N-Trig, which is incorporated herein by refer-
ence, describes a method utilizing different types of user
interactions, e.g. electromagnetic stylus and touch, in a digi-
tizer system. A method for palm rejection based on the size of
the detected area of the touch is described.

U.S. Patent Application Publication No. 20060097991,
entitled “Multipoint TouchScreen” assigned to Apple Com-
puters, the contents of which is incorporated herein by refer-
ence, describes a touch panel having a transparent capacitive
sensing medium configured to detect multiple touches or near
touches that occur at the same time and at distinct locations in
the plane of the touch panel and to produce distinct signals
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2

representative of the location of the touches on the plane of
the touch panel for each of the multiple touches.

SUMMARY OF THE INVENTION

An aspect of some embodiments of the invention is the
provision of a digitizer system and a method for distinguish-
ing between touch input signals and hover input signals to a
digitizer. Touch and hover input signals can be obtained from
a finger, palm, stylus, and/or object-type user interaction.
According to some embodiments of the present invention,
detected and/or recognized hover input signals can be imple-
mented for user input e.g. for controlling cursor position, for
predicting the oncoming of a finger touch event, and for
distinguishing between touch intended for user interaction
and touch not intended for user interaction.

According to some embodiments of the present invention,
touch input signals and hover input signals to a digitizer are
distinguished based on amplitude and gradient patterns of the
detected input signals on the digitizer, for example, on one or
more conductive lines of the digitizer. In some exemplary
embodiments, a threshold on the amplitude of the received
input signal is implemented to distinguish between hover and
touch input signals and/or events. For example, a received
input signal above a pre-defined amplitude threshold is deter-
mined to be derived from a touch event while a received input
signal below a pre-defined amplitude threshold, but above a
lower threshold is determined to be derived from a hover
event. Even lower signals are optionally ignored. In some
exemplary embodiments pre-defined gradient patterns corre-
sponding to hover and touch events are implemented to dis-
tinguish between hover and touch. In some exemplary
embodiments, thresholds on the gradient signal around the
contour of the detected input signals may be implemented to
distinguish between hover and touch. In some exemplary
embodiments, input signals having a gradient value above a
pre-defined gradient threshold is determined to be derived
from a touch event while input signals having a gradient value
below a pre-defined gradient threshold is determined to be
derived from a hover event, if the signal is above a threshold.
In some exemplary embodiments a combination of methods
are implemented to distinguish between hover and touch.

An aspect of some embodiments of the invention is the
provision of a system and method for tracking hover signals.
According to some embodiments of the present invention, a
digitizer system includes pre-defined parameters and/or set-
tings dedicated for tracking hover input signals. In some
exemplary embodiments, the digitizer system includes a pre-
defined gain setting specific and/or dedicated for tracking
hover events. The pre-defined gain setting implemented for
hover tracking is typically higher than what is used for touch
tracking. In some exemplary embodiments, the digitizer sys-
tem includes a pre-defined power setting for an interrogating
AC signal transmitted over the conductive lines of the digi-
tizer. The pre-defined power setting implemented for hover
tracking is typically higher than power used for tracking
touch events. In some exemplary embodiments, when imple-
menting junction capacitive methods, the digitizer system is
pre-set during hover detection to transmit an interrogating AC
signal on pairs of parallel lines of the digitizer grid coupled to
a differential amplifier. In some exemplary embodiments, the
digitizer system and method includes a pre-defined time win-
dow for processing hover events separate from that used for
touch detection.

According to some embodiments of the present invention,
a hovering event is applied to control cursor position on a
display screen associated with the digitizer. In one exemplary
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embodiment, the center of mass of the detected hover object
is implemented as the tracking point for controlling cursor
position. In some embodiments the position of the hover
event is used to trigger an emphasis of a feature on the display
screen, such as an icon or a “touch-button”.

According to some embodiments of the present invention,
when detecting a hover event, the distance above which a user
interaction is hovering over the digitizer is estimated. In some
exemplary embodiments, the height above which a user inter-
action is hovering over the digitizer is estimated based on
amplitude of the input signals received. In some exemplary
embodiments, input signals received above a pre-defined
height (for example, very low signals) are rejected for user
interaction input. According to some exemplary embodi-
ments, a 3D surface image of an input signal can be deter-
mined. For example, a distance above which a user interac-
tion is hovering over the digitizer is estimated for each
junction of cross conductive lines from which an input signal
was detected.

An aspect of some embodiments of the invention is the
provision of a system and method for switching between a
hover detection configuration and touch detection configura-
tion. According to some embodiments of the present inven-
tion, both hover and touch is used for user interaction to
operate the digitizer system. In some exemplary embodi-
ments, while a hovering event is applied to control cursor
position on a display screen associated with the digitizer, a
touch eventis applied for selection, e.g. aleft click inamouse,
writing text, and entering data.

According to some embodiments of the present invention,
the digitizer sensor and/or system parameters and/or settings
are adjusted, e.g. adjusted automatically, to correspond to a
detected event, e.g. hover and/or touch. For example, in
response to a detected hover and/or touch event, gain settings
of the digitizer sensor are adjusted so that the location of the
event may be more accurately determined. It is noted that if
the signal and/or gain is high, a touch event may saturate the
amplifiers or A/D of the system. On the other hand if the
signal and/or gain is low, then for a hover event, the signal to
noise ratio may be too low for accurate determination of
position.

According to some embodiments of the present invention,
the digitizer sensor is initially and/or as a default configured
for hover detection. According to some exemplary embodi-
ments, detection of saturated received input provides indica-
tion that a touch event has been detected and in response to
that detection, the digitizer systems settings are adjusted to
process touch events. According to some exemplary embodi-
ments of the present invention, in response to “null” in the
input reading and/or a low amplitude signal, the digitizer
system settings are adjusted, e.g. readjusted, to detect hover-
ing. Once a hover event is detected, the system tracks the
position of the hovered object. In some exemplary embodi-
ments a gesture performed by the user is implemented to
switch between hover and touch configuration.

According to some embodiments of the present invention
one or more system settings are adjusted to accommodate a
switch between hover and touch detection. For example, a
gain setting for reading input signals from the conductive
lines are adjusted, a power setting for an AC signal transmit-
ted over the conductive lines of the digitizer is adjusted,
and/or a time window for detecting input signals is adjusted.

An aspect of some embodiments of the invention is the
provision of a digitizer system and methods for simultaneous
detection of hover and touch events. According to some
embodiments of the present invention, simultaneous detec-
tion is facilitated by initially implementing a digitizer sensor
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setting for hover detection and then adjusting the sensor
parameters associated with specific conductive lines or areas
of the digitizer where saturation is detected for hover detec-
tion. Adjusting system parameters associated with specific
conductive lines may include for example, adjusting the gain
for those lines, and/or adjusting the amplitude of the AC
signal imposed on those specific lines (e.g. used to interrogate
specific lines) or on lines coupled to them by touch or hover.
Alternatively, simultaneous detection is facilitated by imple-
menting system setting for hover detection on some of the
conductive lines, e.g. every other conductive line, every 3
conductive line, etc., and implementing system setting for
touch detection on the other the conductive lines. Upon detec-
tion of a hover and/or touch event, sensor settings for con-
ductive lines in the vicinity may be updated to track the
position of the detected event.

An aspect of some embodiments of the invention is the
provision of a digitizer system and methods for palm recog-
nition and optional rejection. According to some embodi-
ments of the present invention, input signals derived from
palm touch are not intended for user interaction and are
rejected.

According to some embodiments of the present invention
palm and finger touch are distinguished based on a detected
combination pattern of hover signals are related touch sig-
nals. In some exemplary embodiments, palm and finger touch
are distinguished based on the size of the hover event and the
size of the related touch event. In some exemplary embodi-
ments of the size of the event is estimated by the number of
conductive lines over which an input signal has been detected.
In some exemplary embodiments, palm and fingertip touch
are distinguished based on the relative position of the detected
hover and touch event. In some exemplary embodiments,
palm and fingertip touch are distinguished based on both the
size and the relative position of the hover and associated touch
event. In some exemplary embodiments, palm and fingertip
touch are distinguished based on the relative position of the
detected touch event and a concurrently surrounding hover
event.

An aspect of some embodiments of the present invention
provides for a method for tracking a hover event on a digitizer
sensor that treats hover and touch events differently, the
method comprising configuring at least one parameter of the
digitizer sensor for hover tracking, wherein the at least one
parameter is configured differently than for touch tracking,
detecting a pattern of input signals from a plurality of con-
ductive lines on the digitizer sensor, and defining a tracking
point responsive to the pattern of hover input signals detected.

Optionally, the at least one parameter includes a gain factor
of amplifiers coupled to the plurality of conductive lines.

Optionally, the at least one parameter includes an ampli-
tude of a signal implemented to interrogate the plurality of
conductive lines.

Optionally, the configuring the at least one parameters of
the digitizer sensor for hover tracking includes interrogating
pairs of conducting lines coupled a differential amplifier with
an AC signal to detect the pattern of input signals.

Optionally, the detecting is based on a capacitive touch
method.

Optionally, the pattern is a pattern of amplitudes of the
input signals.

Optionally, the tracking point is a center of mass of the
pattern of the amplitudes of the input signals.

Optionally, the center of mass is defined as a weighted
average of the pattern of the amplitudes of the input signals.
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Optionally, the method comprises calculating a height of
the hover event from the pattern of the amplitudes of the input
signals.

Optionally, the method comprises calculating a change in
height ofthe hover event from the pattern of the amplitudes of
the input signals.

Optionally, the change in height is based on changes in the
amplitude of the input signals over time.

Optionally, the method comprises calculating a surface
map of heights of the pattern of the amplitudes of the input
signals.

Optionally, the method comprises controlling cursor posi-
tion of a display associated with the digitizer sensor with the
tracking point.

Optionally, the method comprises determining amplitudes
of the input signals and switching the configuration of the at
least one parameter of the digitizer sensor for touch tracking
responsive to a pre-defined number of the input signals hav-
ing amplitudes above a pre-defined amplitude threshold.

Optionally, the pre-defined amplitude threshold is a level
of saturation of the digitizer sensor.

Optionally, the method comprises detecting a low signal
event while the at least one parameter is configured for the
touch tracking; and switching the configuration of the at least
one parameter for hover tracking responsive to detection of
the low signal event, wherein the low signal event is defined
between an upper and a lower threshold.

Optionally the method comprises detecting input signals
from a plurality of conductive lines of the digitizer sensor,
determining a pattern of amplitude gradients of the input
signals, and determining either a touch or hover event in a
region corresponding to the plurality of conductive lines
responsive to the pattern of the amplitude gradients.

Optionally, the method comprises determining a contour of
a region on the digitizer sensor from which the input signals
are detected, determining gradients of signal amplitudes of
the input signals in the vicinity of the contour, and defining a
gradient threshold above which the input signals are deter-
mined to be touch input signals and below which the input
signals are determined to be hover input signals.

Optionally, the method comprises switching configuration
of the at least one parameter for touch tracking responsive to
at least one of the gradients being above the gradient thresh-
old.

Optionally, the method comprises switching configuration
ofthe at least one parameter back to a configuration for hover
tracking responsive to at least one of the gradients being
below the gradient threshold.

An aspect of some embodiments of the present invention
provides a method for simultaneously tracking hover and
touch events on a digitizer sensor, the method comprising
configuring part of a digitizer sensor for hover tracking, con-
figuring part of a digitizer sensor for touch tracking, and
tracking the part of the digitizer sensor configured for the
hover tracking and the part of the digitizer sensor configured
for the touch tracking substantially simultaneously.

Optionally, the method comprises detecting a touch event
on one or more conductive lines of the digitizer sensor and
configuring the one or more conductive lines for touch track-
ing.

Optionally, detecting the touch event comprises comparing
amplitudes of input signals detected on the one or more con-
ductive lines to a pre-defined amplitude threshold; and veri-
fying the touch event responsive to a pre-defined number of
the input signals having amplitudes above the pre-defined
amplitude threshold.
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Optionally the amplitude threshold is a saturation level of
the digitizer sensor.

Optionally, the method comprises detecting input signals
from a plurality of conductive lines of the digitizer sensor,
determining a pattern of amplitude gradients of the input
signals, and determining either a touch or hover event in a
region corresponding to the plurality of conductive lines
responsive to the pattern of the amplitude gradients.

Optionally, the method comprises determining a contour of
a region on the digitizer sensor from which input signals are
detected, determining amplitude gradients of the input sig-
nals detected in the vicinity of the contour, and defining a
gradient threshold above which the input signals from the
region are determined to be a touch input signal and below
which the input signal from the region are determined to a
hover input signal.

Optionally, the method comprises switching configuration
of part of the digitizer sensor from touch tracking to hover
tracking responsive to detection of a low signal event.

Optionally, the method comprises switching configuration
of part of the digitizer sensor to a hover configuration respon-
sive to determination that an input signal to the digitizer
sensor is below a pre-defined gradient threshold.

Optionally, the method comprises determining at least one
parameter value of a hover event tracked on the part of the
digitizer sensor for hover tracking, and verifying a touch
event as a user intended user interaction responsive to the at
least one parameter value.

Optionally, the method comprises determining at least one
parameter value of a hover event tracked on the part of the
digitizer sensor for hover tracking, and rejecting a touch event
as a user intended user interaction responsive to the at least
one parameter value.

Optionally, the method comprises detecting a pre-defined
gesture, wherein the pre-defined gesture includes a touch and
hover gesture performed substantially simultaneously.

An aspect of some embodiments of the present invention
provides a method for distinguishing between touch input
signals and hover input signals detected on a digitizer sensor,
the method comprising detecting input signals from a digi-
tizer sensor determining amplitudes of the input signals and
gradients of the amplitudes, and distinguishing between
touch input signals and hover input signals based on the
amplitudes and the gradients.

Optionally, the method comprises determining a contour of
a region on the digitizer sensor from which the input signals
are detected, and determining the gradients in the vicinity of
the contour.

Optionally, the input signals are detected from a plurality
of vertical and horizontal conductive lines of the digitizer
sensor arranged in a grid like fashion, and wherein the contour
is a rectangular contour defined by the plurality vertical and
horizontal conductive lines detecting the input signals.

Optionally, the input signals are detected from a plurality
of vertical and horizontal conductive lines of the digitizer
sensor arranged in a grid like fashion, and wherein the contour
is defined by junctions of cross conducting lines of the digi-
tizer sensor from which the inputs signals are detected.

Optionally, the method comprises defining a gradient
threshold for the gradients above which the input signals are
determined to be touch input signals and below which the
input signals are determined to hover input signals.

Optionally, the method comprises controlling cursor posi-
tion on a display associated with the digitizer based on the
hover input signals.

Optionally, the method comprises defining a tracking point
in a region from which the hover input signals are detected.
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Optionally, the tracking point is a center of the shape of the
region.

Optionally, the tracking point is a center of mass of the
region.

Optionally, the center of mass is defined as a weighted
average of the amplitudes.

Optionally, the method comprises performing a user action
based on the touch input signals, wherein the user action is
selected from a group consisting of selecting a feature, writ-
ing text, monitoring a cursor, and entering data with the touch
input signal.

Optionally, the method comprises verifying that the touch
input signals are user intended input signals based on features
of the hover input signals.

Optionally, the method comprises characterizing the touch
input signals as a user intended input signals based on the
hover input signals.

Optionally, the input signals are detected by a capacitive
touch method.

Optionally, the digitizer is a transparent digitizer.

An aspect of some embodiments of the present invention
provides a method for palm rejection for a digitizer sensor, the
method comprising detecting a hover event and a related
touch event, and verifying or rejecting the related touch event
as an intended user interaction based on the detected hover
event and the related touch event.

Optionally, the method comprises determining an area of
the hover event and the related touch event, and verifying or
rejecting the related touch event as an intended user interac-
tion based on the area of the detected hover event.

Optionally, the method comprises rejecting the related
touch event as an intended user interaction responsive to the
area of the related touch event being larger than a pre-defined
touch threshold.

Optionally, the method comprises characterizing the
related touch event as an intended user interaction responsive
to the area of the hover event being smaller than a pre-defined
hover threshold.

Optionally, the method comprises determining a center of
mass of the hover event and of the related touch event.

Optionally, the method comprises verifying the related
touch event as an intended user interaction responsive to a
distance in the center of mass between the hover and related
touch event above a pre-determined shift threshold.

Optionally, the hover event is a precursor to the related
touch event.

Optionally, the related touch event and the hover event are
detected substantially simultaneously.

Optionally, the method comprises verifying the related
touch event as an intended user interaction responsive to
determining that the area of the hover event appears on one
side of the area of the related touch event.

Optionally, the method comprises rejecting the related
touch event as an intended user interaction responsive to the
area of the hover event substantially surrounding the area of
the related touch event, wherein the area of the hover event is
larger than a pre-defined area.

Optionally, the method comprises verifying the touch
event as an intended user interaction responsive to the area of
the hover event substantially surrounding the area of the
related touch event, wherein the area of the hover event is
smaller than a pre-defined area.

An aspect of some embodiments of the present invention
provides a system for tracking hover and touch on a digitizer
comprising a digitizer operative to detect hover and touch
input signals, a memory operative to store a pre-defined digi-
tizer configuration for touch and a pre-defined digitizer con-
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figuration for hover, and a controller operative to apply the
pre-defined digitizer configuration for touch to track touch
input signals and the pre-defined digitizer configuration for
hover to track hover input signals.

Optionally, the controller is operative to distinguish
between hover and touch input signals to the digitizer sensor.

Optionally, the pre-defined digitizer configuration includes
dedicated pre-defined gain settings for touch and hover track-
ing.

Optionally, the pre-defined digitizer configuration includes
dedicated pre-defined power levels for touch and hover track-
ing interrogating signals.

Optionally, the digitizer comprises a plurality of conduc-
tive lines and wherein the controller is operative to apply the
pre-defined digitizer configuration for touch on conducting
lines from which touch input signals are detected and to apply
the pre-defined digitizer configuration for hover on conduct-
ing lines from which hover input signals are detected.

Optionally, the controller operative to switch from the pre-
defined configuration for hover to the pre-defined configura-
tion for touch when touch input signals are detected.

Optionally, the controller is operative to switch from the
pre-defined configuration for touch to the pre-defined con-
figuration for hover when a low amplitude signal is detected.

Optionally, the controller is operative to recognize a ges-
ture to switch between hover tracking and touch tracking.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded is particularly and distinctly
claimed in the concluding portion of the specification. Non-
limiting examples of embodiments of the present invention
are described below with reference to figures attached hereto,
which are listed following this paragraph. In the figures,
identical structures, elements or parts that appear in more than
one figure are generally labeled with a same symbol in all the
figures in which they appear. Dimensions of components and
features shown in the figures are chosen for convenience and
clarity of presentation and are not necessarily shown to scale.
For example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity.

FIG. 1 is an exemplary simplified block diagram of a digi-
tizer system in accordance with some embodiments of the
present invention;

FIG. 2 is an exemplary simplified circuit diagram for touch
detection based on a capacitive touch method according to
some embodiments of the present invention;

FIG. 3 is an exemplary simplified circuit diagram of a
digitizer sensor including differential amplifiers according to
some embodiments of the present invention;

FIG. 4 is a schematic illustration of a digitizer sensor for
finger touch detection based on a junction capacitive touch
method, according to some embodiments of the present
invention;

FIG.5A is a schematic illustration of exemplary patterns of
signal amplitudes obtained from touch input signals accord-
ing to some embodiments of the present invention;

FIG. 5B is a schematic illustration of exemplary patterns of
signal amplitude gradients obtained from touch input signals
according to some embodiments of the present invention;

FIG. 6 A is a schematic illustration of exemplary patterns of
signal amplitudes obtained from hover input signals accord-
ing to some embodiments of the present invention;

FIG. 6B is a schematic illustration of exemplary patterns of
signal amplitude gradients obtained from hover input signals
according to some embodiments of the present invention;
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FIG. 7 is an exemplary flow chart of a method for distin-
guishing between hover input signals and touch input signals
according to some embodiments of the present invention;

FIG. 8 is a flow chart of an exemplary method for tracking
a hover input signal, according to some embodiments of the
present invention;

FIG. 9 is an exemplary circuit diagram of two parallel
conductive lines of a digitizer that are input to a differential
amplifier where each of the two conductive lines is coupled to
a variable capacitor, according to some embodiments of the
present invention;

FIG. 10 is a schematic illustration of a digitizer sensor for
finger touch detection based on a junction capacitive touch
method for detecting finger touch including a signal transmit-
ted to pairs of parallel conductive lines of the digitizer sensor
according to some embodiments of the present invention;

FIG. 11 is a flow chart of an exemplary method for deter-
mining a tracking point from a hover input signal, according
to some embodiments of the present invention;

FIG.12 is a flow chart of an exemplary method for tracking
changes in height of an object hovering over a digitizer sensor
according to some embodiments of the present invention;

FIG. 13 is a flow chart of an exemplary method for switch-
ing between hover and touch tracking according to some
embodiments of the present invention;

FIG. 14 is a flow chart of an exemplary method for simul-
taneous hover and touch tracking according to some embodi-
ments of the present invention;

FIG. 15 is a flow chart of an exemplary method for palm
rejection based on analysis of hover events that are precursors
to touch events according to some embodiments of the
present invention;

FIG. 16 is a flow chart of an exemplary method for palm
rejection based on analysis of simultaneously detected hover
and touch events, according to some embodiments of the
present invention;

FIG. 17 is a schematic illustration showing simultaneous
hover and touch detection on a digitizer resulting in palm
rejection according to some embodiments of the present
invention; and

FIG. 18 is a schematic illustration showing simultaneous
hover and touch detection on a digitizer resulting in user
interaction verification according to some embodiments of
the present invention.

It will be appreciated that for simplicity and clarity of
illustration, elements shown in the figures have not necessar-
ily been drawn to scale. Further, where considered appropri-
ate, reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In the following description, exemplary, non-limiting
embodiments of the invention incorporating various aspects
of the present invention are described. For purposes of expla-
nation, specific configurations and details are set forth in
order to provide a thorough understanding of the embodi-
ments. However, it will also be apparent to one skilled in the
art that the present invention may be practiced without the
specific details presented herein. Furthermore, well-known
features may be omitted or simplified in order not to obscure
the present invention. Features shown in one embodiment
may be combined with features shown in other embodiments.
Such features are not repeated for clarity of presentation.
Furthermore, some unessential features are described insome
embodiments.
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Reference is now made to FIG. 1 showing an exemplary
simplified block diagram of a digitizer system in accordance
with some embodiments of the present invention. The digi-
tizer system 100 shown in FIG. 1 may be suitable for any
computing device that enables interactions between a user
and the device, e.g. mobile computing devices that include,
for example, FPD screens. Examples of such devices include
Tablet PCs, pen enabled lap-top computers, PDAs or any
hand held devices such as palm pilots and mobile phones.
According to some embodiments of the present invention, the
digitizer system comprises a grid-based sensor 12, which is
optionally transparent, and which is typically overlaid on
FPD 10.

An ASIC 16 comprises circuitry to process and sample the
sensor’s output into a digital representation. The digital out-
put signal is forwarded to digital unit 20, e.g. digital ASIC
unit, for further digital processing. According to some
embodiments of the present invention, digital unit 20 together
with ASICs 16 serve as the controller of the digitizer system
and/or have functionality of'a controller and/or processor. The
outcome, once determined, is forwarded to host 22 via inter-
face 24 for processing by the operating system or any current
application. According to some embodiments of the present
invention, control functionality is additionally or exclusively
included in the host 22. ASIC 16 and digital unit 20 may be
provided as a single ASIC. According to some embodiments
of the present invention, digital unit 20 together with ASICs
16 include memory and/or memory capability. In some exem-
plary embodiments, the memory is implemented to store
pre-defined digitizer configuration for touch and/or hover
detection.

According to some embodiments of the present invention,
sensor 12 comprises a grid of conductive lines made of con-
ductive materials, optionally Indium Tin Oxide (ITO), pat-
terned on a foil or glass substrate. The conductive lines and
the foil are optionally transparent. Typically, the grid is made
of two layers, which are electrically separated from each
other. Typically, one of the layers contains a set of equally
spaced parallel conductors and the other layer contains a set
of equally spaced parallel conductors orthogonal to the set of
the first layer. Typically, the parallel conductors are equally
spaced straight lines, and are input to amplifiers included in
ASIC 16. Optionally the amplifiers are differential amplifiers.
Typically, the parallel conductors are spaced at a distance of
approximately 2-8 mm, e.g. 4 mm, optionally depending on
the size of the FPD and a desired resolution. Optionally the
region between the grid lines is filled with a non-conducting
material having optical characteristics similar to the conduct-
ing lines, to mask the presence of the conducting lines.

Typically, ASIC 16 is connected to outputs of the various
conductors in the grid and functions to process the received
signals at a first processing stage. As indicated above, ASIC
16 typically includes an array of amplifiers, e.g. differential
amplifiers, to amplify the sensor’s signals. Additionally,
ASIC 16 optionally includes one or more filters to remove
irrelevant frequencies. Optionally, filtering is performed prior
to sampling. The signal is then sampled by an A/D, optionally
filtered by a digital filter and forwarded to digital ASIC unit,
for further digital processing. Alternatively, the optional fil-
tering is fully digital or fully analog.

According to some embodiments of the invention, digital
unit 20 receives the sampled data from ASIC 16, reads the
sampled data, processes it and determines and/or tracks the
position of physical objects, such as stylus, and/or finger,
touching the digitizer sensor. According to some embodi-
ments of the present invention hovering of an object, e.g.
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stylus, finger and hand, is also detected and processed by
digital unit 20. Calculated position is sent to the host com-
puter via interface 24.

According to some embodiments, digital unit 20 produces
and manages a triggering pulse to be provided to an excitation
coil 26 that surrounds the sensor arrangement and the display
screen. The excitation coil provides a trigger pulse (in the
form of an electric or electromagnetic field) that excites pas-
sive circuitry in the stylus to produce a response from the
stylus that can subsequently be detected.

According to some embodiments, digital unit 20 produces
and sends a triggering pulse to at least one of the conductive
lines.

According to some embodiments of the invention, host 22
includes at least a memory unit 23 and a processing unit 25 to
store and process information obtained from digitizer 16.
Memory and processing capability is also generally included
in digital unit 20 and ASIC 16. According to some embodi-
ments of the present invention memory and processing func-
tionality may be divided between any two or three of host 22,
digitizer unit 20, and ASIC 16 or may reside in only one of
them.

Stylus Detection

According to some embodiments of the present invention,
the stylus is a passive element. Optionally, the stylus com-
prises a resonant circuit, which is triggered by excitation coil
26 to oscillate at its resonant frequency. At the resonant fre-
quency, the circuit produces oscillations that continue after
the end of the excitation pulse and steadily decay. While the
stylus touches and/or hovers over digitizer 20, the decaying
oscillations induce a voltage in nearby conductive lines which
are sensed by the sensor 12. Alternatively, the stylus may
include an energy pick-up unit and an oscillator circuit.

According to some embodiments of the present invention,
two parallel sensor lines that are close but not adjacent to one
another are connected to the positive and negative input of a
differential amplifier respectively. The amplifier is thus able
to generate an output signal which is an amplification of the
difference between the two sensor line signals. An amplifier
having a stylus on one of its two sensor lines will produce a
relatively high amplitude output. Stylus detection is
described with further details, for example in incorporated
US Patent Application Publication 20040095333.

Finger Touch Detection

Reference is now made to FIG. 2 showing an exemplary
circuit diagram for touch detection according to some
embodiments of the present invention. Conductive lines 310
and 320 are parallel non-adjacent lines of sensor 12. Accord-
ing to some embodiments of the present invention, conduc-
tive lines 310 and 320 are interrogated to determine if there is
a finger input signal derived from finger touch and/or finger
hovering. To query the pair of conductive lines, a signal
source 1, e.g. an AC signal source induces an oscillating
signal in the pair. Signals are referenced to a common ground
350. When a finger is placed on one of the conductive lines of
the pair, a capacitance, C,, develops between the finger (ei-
ther touching or hovering over the digitizer) and conductive
line 310. As there is a potential between the conductive line
310 and the user’s finger, current passes from the conductive
line 310 through the finger to ground. Consequently a poten-
tial difference is created between conductive line 310 and its
pair 320, both of which serve as input to differential amplifier
340. Finger touch detection is described with further details
in, for example incorporated US Patent Application Publica-
tion 20040155871. Typically parasitic capacitance develops
between the display screen and the conductive lines of the
overlaying digitizer sensor. Typically parasitic capacitance
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induces a current leakage into the conductive lines of the
digitizer referred to as a “steady noise” and/or steady state
noise. In an ideal environment, the parasitic capacitance and
therefore the steady state noise level in each of the lines are
expected to be identical. However, in practice slight differ-
ences in distance between the digitizer and screen, material
structure in specific areas of the digitizer screen, environmen-
tal conditions and parasitic capacitance on associated PCB,
may affect the parasitic capacitance level between the screen
and some of the lines. The unbalanced capacitance creates an
unbalance steady state noise level of the lines. A system and
method for balancing capacitance is described in U.S. patent
application Ser. No. 11/798,894, entitled “Variable Capacitor
Array” which is assigned to the common assignee and incor-
porated herein by reference. The systems and methods
described in U.S. patent application Ser. No. 11/798,894 may
be applied to the present invention.

Reference is now made to FIG. 3 showing an array of
conductive lines of the digitizer sensor as input to differential
amplifiers according to embodiments of the present inven-
tion. Separation between the two conductors 310 and 320 is
typically greater than the width of the finger so that the nec-
essary potential difference can be formed, e.g. approximately
12 mm. Typically a finger touch on the sensor may span 2-8
lines, e.g. 6 conductive lines. Typically, the finger hovers over
and/or touches the digitizer over a number of conductive lines
s0 as to generate an output signal in more than one differential
amplifier, e.g. a plurality of differential amplifiers. However,
a finger touch may be detected when placed over one conduc-
tive line. Typically a finger and/or hand hovering at a height of
about 1 cm-4 cm above the digitizer can be detected, e.g. 1
cm-2 cm or 3 cm-4 cm. The differential amplifier 340 ampli-
fies the potential difference developed between conductive
lines 310 and 320. ASIC 16 and digital unit 20 process the
amplified signal and determine the location and/or position of
the user’s finger based on the amplitude and/or signal level of
the sensed signal.

In one example, the origin of the user’s finger from the two
inputs of the differential amplifier is determined by examin-
ing the phase of the output. In another example, since a finger
touch typically produces output in more than one conductive
line, the origin of the user’s finger from the two inputs of the
differential amplifier is determined by examining outputs of
neighboring amplifiers and optionally interpolating is used to
find a more accurate value. In yet other examples, a combi-
nation of both methods may be implemented.

Reference is now made to FIG. 4 which schematically
illustrates a capacitive junction touch method for finger touch
detection using a digitizer sensor, according to some embodi-
ments of the present invention. At each junction, e.g. junction
40 in sensor 12 a minimal amount of capacitance exists
between orthogonal conductive lines. In an exemplary
embodiment, an AC signal 60 is applied to one or more
parallel conductive lines in the two-dimensional sensor
matrix 12. When a finger 41 touches or hovers over the sensor
at a certain position where signal 60 is induced, the capaci-
tance between the conductive line through which signal 60 is
applied and the corresponding orthogonal conductive lines at
least proximal to the touch and/or hover position increases
and signal 60 is coupled, by the capacitance of finger 41, to
corresponding orthogonal conductive lines to produce and an
output signal 65. This method is able to detect more than one
finger touch and/or hover at the same time (multi-touch). This
method further enables calculating touch and/or hover area.
In exemplary embodiments of the present invention, each
conductive line is input to an amplifier. Optionally, one line is
input to a differential amplifier, while the other input to the
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amplifier is ground. Optionally, both lines of the pair are input
to the differential amplifier and a same interrogating signal is
transmitted over both lines of the pair. Typically, the presence
of a finger touch decreases the coupled signal by 20-30%
since the capacitive coupling caused by the finger typically
drains current from the lines. The presence of a finger hover-
ing may decrease the couple signal less drastically.

According to some embodiments of the present invention,
a finger and/or hand 41 placed in proximity over the digitizer
sensor at a height (h), forms a capacitance between the finger
and/or hand and sensor 12 through the air, provided that the
finger and/or hand is close to the sensor, i.e., for small heights.
The presence of the finger and/or hand increases the capaci-
tance between a conductive and the orthogonal conductive
line which is at or close to the finger and/or hand position. As
the signal is AC, the signal crosses at a junction by virtue of
the capacitance of the finger and/or hand from the conductive
line to the corresponding orthogonal conductive line forming
the junction, and an output signal 65 is detected. According to
some exemplary embodiments, the digitizer system can
simultaneously detect and track a plurality of hovering
objects.

It will be appreciated that depending on the size of the
finger/hand and the fineness of the mesh of conductors, a
plurality of the orthogonal conductors may receive some
capacitive signal transfer, and interpolation of the signal
between the conductors can be used to increase measurement
accuracy.

The present invention is not limited to the technical
description of the digitizer system described herein. Digitizer
systems used to detect stylus and/or finger touch location may
be, for example, similar to digitizer systems described in
incorporated U.S. Pat. No. 6,690,156, U.S. Patent Applica-
tion Publication No. 20040095333 and/or U.S. Patent Appli-
cation Publication No. 20040155871. It will also be appli-
cable to other digitized sensor and touch screens known in the
art, depending on their construction.

According to some embodiments of the present invention,
a system and methods for distinguishing between hover
events and touch events is provided. Although the signal
amplitude output of a hovered object is typically smaller than
the signal amplitude output of a touching object, the determi-
nation that an object is hovering or touching cannot be based
solely on the amplitude of the detected signal due to a wide
variation between different users. Typically the amplitude of
a detected touch input signal is a function of both finger size
and pressure applied, both of which vary widely between
users. External parameters of the sensor may also affect the
amplitude of the detected signal making the distinction more
difficult. However, for systems providing user specified
detection, signal amplitude alone can be analyzed to distin-
guish between all hover and touch events.

The present inventors have found that analysis of patterns
of signal amplitudes and signal amplitude gradients can be
implemented to distinguish between hover and touch events.
Reference is now made to FIG. 5A showing an exemplary
pattern of signal amplitudes during a finger touch event and to
FIG. 5B showing an exemplary pattern of signal amplitude
gradients determined from the pattern of signal amplitudes
according to some embodiments of the present invention. In
FIG. 5A, an area 510 over which a fingertip touches the
digitizer sensor induces a plurality of signals on the vertical
and horizontal conductive lines of the digitizer sensor. The
amplitude of the detected signals sensed from the horizontal
conductive lines are represented by bars 520 and the ampli-
tude of the detected signals sensed from the vertical conduc-
tive lines are represented by bars 530. In some exemplary
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embodiments, signals are detected on conductive lines corre-
sponding to area 510 as well as in neighboring conductive
lines. Typically, the signals induced in the neighboring con-
ductive lines occur due to mechanical changes of the sensor
and the LCD when the fingertip presses down the digitizer
sensor and L.CD screen. In some exemplary embodiments,
only amplitudes above a pre-defined level are considered.
According to some embodiments of the present invention,
when the conductive lines are coupled to differential ampli-
fiers, output from one or more lines in the detected area may
have a near zero detection where the area covers both inputs
to the amplifier. In some exemplary embodiments, this can be
avoided by spacing apart conductors coupled to the differen-
tial amplifier.

In FIG. 5B, the signal amplitude gradients are defined as
the absolute values of the differences of amplitudes sensed on
two neighboring conductive lines. Optionally the gradient is
divided by the distance between the neighboring conductive
lines. In some exemplary embodiments, only gradients above
pre-defined level are considered. Gradient values determined
from the horizontal conductive lines are represented by bars
525 and the amplitude of the detected signals sensed from the
vertical conductive lines are represented by bars 535. The
present inventors have found that fingertip touch typically
results in detectibly higher gradient values and/or peak gra-
dient values around the contour of area 510 as can be clearly
seen in FIGS. 5A and 5B. According to some embodiments of
the present invention, detectibly higher gradient values and/or
peak gradient values are defined as gradient values above a
pre-defined threshold.

Reference is now made to FIG. 6A showing an exemplary
pattern of signal amplitudes detected during a finger hovering
event and to FIG. 6B showing an exemplary pattern of signal
amplitude gradients determined from the pattern of signal
amplitudes for a hover event according to some embodiments
of'the present invention. In FIG. 6 A, an area 610 correspond-
ing to a detected hover area induces a plurality of signals on
the vertical and horizontal conductive lines of the digitizer
sensor. The amplitude of the detected signals sensed from the
horizontal conductive lines are represented by bars 620 and
the amplitude of the detected signals sensed from the vertical
conductive lines are represented by bars 630. In some exem-
plary embodiments, signals are detected on conductive lines
corresponding to area 610 as well as in neighboring conduc-
tive lines. Typically, the signals derived from ahover event are
spread over more conductive lines as compared to signals
derived from a touch event (FIG. 5A). Typically, the ampli-
tude value of a hover event is less than amplitude values
detected during touch. In some exemplary embodiments,
only gradients above pre-defined level are considered. In FIG.
6B, the gradient signal amplitude gradients are defined as the
absolute values of the differences of amplitudes sensed on
two neighboring conductive lines. Optionally the gradient is
divided by the distance between the neighboring conductive
lines. Optionally the gradient is divided by the distance by an
amplitude value detected on a conductive line. In some exem-
plary embodiments, only gradients above pre-defined level
are considered.

Gradient values determined from the horizontal conductive
lines are represented by bars 625 and the amplitude of the
detected signals sensed from the vertical conductive lines are
represented by bars 635.

The present inventors have found that for hovering events,
the detected magnitude typically shows a steady decrease
near the contour and/or edges of area 610 so that relatively
low gradients near the contour are typically detected. Accord-
ing to some embodiments of the present invention, low gra-
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dient values are defined as gradient values below a pre-de-
fined gradient threshold. As can be seen by comparing FIGS.
5 and 6, amplitude values in a touch event (as opposed ampli-
tude values in a hover event) decreases sharply near the con-
tour and/or edges of area 610 resulting in large edge and/or
contour gradients.

Reference is now made to FIG. 7 showing an exemplary
flow chart of a method for distinguishing between hover input
signals and touch input signals according to some embodi-
ments of the present invention. According to some embodi-
ments of the present invention, amplitude values detected on
horizontal and vertical conductive lines of the digitizer are
determined (block 710). Based on the detected amplitude
values, gradient values corresponding to the amplitude values
detected on horizontal and vertical conductive lines of the
digitizer are determined (block 720). Optionally, the area of
the event (either touch and/or hover) is determined (block
725). Gradient values, X, (where i is an index for each of the
conductive lines horizontal and/or vertical), corresponding to
conductive lines around the contour of the detected event are
compared to one or more thresholds, e.g. two thresholds
(block 730). For determined gradient values greater than or
equal to a touch threshold, the detected event is defined as a
touch event (block 760). For determined gradient values less
than the touch threshold but greater than or equal to a hover
threshold, the detected event is defined as a hover event (block
760). Some of the methods and the system described in U.S.
patent application Ser. No. 11/808,868, entitled “Fingertip
Touch Recognition for a Digitizer” filed on Jun. 13, 2007
assigned to the common assignee and hereby incorporated by
reference may be applied to determine touch event amplitude
and gradient patterns of input signals.

Reference is now made to FIG. 8 showing an exemplary
method for tracking a hover input signal, according to some
embodiments of the present invention. According to some
embodiments of the present invention, digitizer system 100
includes pre-defined configurations for tracking hover events
and may include one or more parameters settings specific for
tracking hover events. According to some exemplary embodi-
ments, once a hover event is detected, e.g. by any of the
methods described herein, digitizer system 100 is configured
for hover tracking (block 810) and input signals to the digi-
tizer sensor are processed for tracking the hover signal (block
820). According to other exemplary embodiments, digitizer
system may be configured to track hover events as a default
setting. According to some embodiments of the present inven-
tion, when a hover event turns into a touch event there is an
automatic changeover to touch settings.

According to other exemplary embodiments, a user may
perform a gesture indicating to the digitizer to configure the
digitizer system for hover tracking. A gesture can be a hover
gesture, a touch gesture, and/or a combination hover touch
gesture. In one exemplary embodiment, a gesture includes a
hover and touch gesture performed substantially simulta-
neously, e.g. using two fingers. As used herein the term ges-
ture is a purposeful pre-defined motion that a user makes to
indicate a command to the system. Some examples of ges-
tures include one or more tapping motions with a user inter-
action, a double click, drawing a pre-defined shape, moving a
user interaction in a specific direction along the digitizer
sensor, etc.

One or more parameters settings typically used for touch
detection may be altered to accommodate tracking hover
events. Typically the amplitude of an input signal detected
during a hover event is significantly smaller than the input
signal detected during a touch event. As such the signal to
noise ration may be too low for accurate determination of
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position and therefore tracking of a hover event may be dif-
ficult when using touch tracking settings. According to some
exemplary embodiments, a pre-defined configuration for
tracking a hover event includes sampling the detected input
signal with an increased number of bits as compared to the
number of bits used for sampling a touch event.

According to some exemplary embodiments, a pre-defined
configuration for tracking a hover event includes implement-
ing increased and/or boosted power and/or amplitude of an
interrogating detecting signal, e.g. current Ia (FIG. 2) or sig-
nal 60 as compared to the interrogating detecting signal used
for detecting touch input. According to some exemplary
embodiments, a pre-defined configuration for tracking a
hover event includes implementing a higher gain factor for
the amplifiers connected to the conductive lines of the digi-
tizer.

According to some embodiments of the present invention,
transmitting stronger signal and/or implementing higher
gain, may result in saturation when a finger is touching the
sensor or false detection due to parasitic capacitance. For
example, when using the junction capacitive method, para-
sitic capacitance at the junctions can cause a signal detection
which is above a threshold set for object detection. According
to some embodiments of the present invention, the affect of
parasitic capacitance is overcome by connecting pairs of par-
allel spaced apart conductive lines to differential amplifiers.
Unbalanced parasitic capacitance can be compensated for by
coupling capacitors to the conductive lines by methods
described in incorporated U.S. patent application Ser. No.
11/798,894.

Reference is now made to FIG. 9 showing an exemplary
circuit diagram of two parallel conductive lines 310A and
320A of a digitizer that are input to a differential amplifier
340 having unbalanced parasitic capacitance C,,, and C,,.
According to some embodiments of the present invention,
unbalanced parasitic capacitance develops due to slight dif-
ferences in distance between the digitizer and screen in spe-
cific areas, material structure in specific areas of the digitizer
screen, environmental conditions and parasitic capacitance
on associated PCB. The unbalanced capacitance creates an
unbalance steady state noise level of the lines resulting in an
amplified non-zero steady state signal being produced by the
differential amplifier. According to some embodiments of the
present invention, balancing the parasitic capacitance C,,
and/or C,,,, is achieved by adding one or more variable capaci-
tors, C,,, and/or C, ., on one or more conductive lines of pairs
connected to differential amplifier 340. As such, the signal
arising from different parasitic capacitance between the two
conductive lines can be substantially eliminated so that an
input signal is not detected unless an object touches and/or
hovers on one of the junctions.

According to some exemplary embodiments, an interrogat-
ing detecting signal can be implemented on each of the con-
ductive lines associated with a differential amplifier to facili-
tate detection of a plurality of hover events associated with a
single conductive line. Reference is made to FIG. 10 showing
a schematic illustration of a digitizer sensor for finger hover
detection based on a junction capacitive touch method for
detecting finger touch including a signal transmitted to pairs
of parallel conductive lines of the digitizer sensor according
to some embodiments of the present invention. Interrogating
detecting signals 60 and 61 are transmitted over both conduc-
tive lines couple to a differential amplifier to detect position of
a hover event 41.

According to some embodiments of the present invention,
a hover event is used for controlling cursor position on a
display screen associated with the digitizer. Reference is now
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made to FIG. 11 describing an exemplary method for deter-
mining a tracking point from hover input signals, according to
some embodiments of the present invention. According to
some embodiments of the present invention, an area from
which an input signal, e.g. a hover input signal, has been
detected (block 1110) is estimated and/or determined. A
method for estimating an area corresponding to a touch event
is described in incorporated US Patent Application No.
20060012580. Similar methods can be implemented for the
present invention. In some embodiments, a rectangular region
corresponding to the horizontal and vertical lines detecting an
input signal is determined. Signal amplitudes associated with
sensor junctions or sensor lines within the detected area are
determined (block 1120). A center of mass of the area is
estimated based on the determined amplitudes (block 1140).
According to some embodiments of the present invention,
center of mass may be estimated by performing a weighted
average of the detected amplitudes of input signals from each
of'the conductive lines from which a signal was detected. The
tracking point is determined according to the defined center
of'mass of the detected and/or estimated area and the shape of
the detected area (block 1140).

According to some exemplary embodiments, the height
above which an object is hovering is directly related to the
amplitude of the detected signal. According to some embodi-
ments of the present invention, a relative height over time
and/or a change in height over time is determined, for
example, to determine if the finger and/or hand is approach-
ing and/or receding from the digitizer sensor. According to
some embodiments of the present invention, input signals to
the digitizer are derived from the capacitive coupling between
the user’s finger and/or hand and the conductive lines of the
digitizer sensor, the amplitude of the received signal is a
function of one or more parameters, such as the area over
which a finger and/or hand hovers over the digitizer sensor,
the height of the finger and/or hand in relation to the digitizer
sensor etc. As the user’s finger and/or hand approaches to the
digitizer sensor, the signal’s amplitude increases. As such the
amplitude of the detected input signal can be used to detect
that a finger and/or hand is approaching and/or receding from
the digitizer sensor.

Reference is now made to FIG. 12 describing an exemplary
method for tracking changes in height of an object hovering
over a digitizer sensor according to some embodiments of the
present invention. According to some embodiments of the
present invention, signal amplitude of a tracking point of a
hovered object is determined (block 1210). Optionally, an
area of the hovered object detected by the digitizer sensor is
determined (block 1220). Optionally, the signal amplitude is
normalized by the hover area (block 1230). Changes in the
height (corresponding to amplitude and/or amplitude over
area) are determined over time (block 1240). Positive and/or
negative gradients can be used to determine approach or
recession of the finger and/or hand. Speed of approach and/or
other parameters may be determined as well.

Typically, the height of a finger and/or hand determined is
the height between the sensor and the lower surface of the
object and/or the surface of the object closest to the sensor. In
some exemplary embodiments, only the height of the tracking
point of the finger and/or hand is determined and used to
represent the height of the finger and/or hand. In one exem-
plary embodiment, the height at each junction point is deter-
mined to obtain for example, a surface map of the finger
and/or hand.

According to some embodiments of the present invention,
for systems providing user specific recognition of user inter-
action as is described in US Patent Application entitled “User
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Specific Recognition of Intended User Interaction with a
Digitizer” assigned to the common assignee, filed on even
date herewith and hereby incorporated by reference can be
used to determined absolute heights of a hovering object
based on a amplitude of a detected user’s input signal. For
example, during a calibration procedure, a user may be
requested to position one or more fingers at one or more
specified heights over the digitizer sensor. Signal amplitudes
may be stored and used to determine absolute heights during
a user’s operation of the digitizer system.

According to some embodiments of the present invention a
system and methods are provided for switching between
hover and touch detection during operation of the digitizer
system. Reference is now made to FIG. 13 describing an
exemplary method for switching between hover and touch
tracking according to some embodiments of the present
invention. According to some embodiments of the present
invention, during operation of a digitizer system, one of three
events may be detected according to methods described
herein, e.g. a touch event (block 1330), a hover event (block
1320), and low signal event (block 1310) where no input
signal is detected and/or a signal below a pre-define threshold
is determined. Typically detection is performed over a time
span during sampling cycles. According some embodiments
of the present invention, if during a current cycle, a touch
event is detected (block 1330), in a following cycle, the digi-
tizer system will configure itself for touch tracking and/or
touch detection as described herein, for example, by imple-
menting a touch amplification factor (block 1370). Similarly,
if during a current cycle, a hover event is detected (block
1310) and/or a low signal event is determined, in the follow-
ing cycle, the digitizer system will configure itself for hover
tracking and/or detection as described herein, for example, by
implementing a hover amplification factor (block 1360).
According to some exemplary embodiments, a switch
between a hover detection configuration (1360) and a touch
detection configuration will be made when saturation and/or
a pre-defined level of saturation is determined from a hover
digitizer configuration. Typically the hover detection con-
figuration is used as a default and/or initial setting since an
object naturally hovers over the digitizer prior to touching
and/or as it approaches the digitizer to touch it. A switch from
a touch detection configuration back to a hover detection
configuration is made when the amplitude of the detected
signal is below a pre-defined null threshold, e.g. a low signal
event (block 1310). Other described methods for distinguish-
ing between a touch and/or hover event (besides and/or in
addition to detecting low signal signals and/or saturation as is
described in reference to FIG. 13) may be implemented.

According to some embodiments of the present invention a
system and method is provided for simultaneous hover and
touch detection. Reference is made to FIG. 14 describing an
exemplary method for simultaneous hover and touch tracking
according to some embodiments of the present invention.
According to some embodiments of the present invention,
during operation of a digitizer system, one of three events
may be detected using methods described herein, e.g. a touch
event (block 1330), a hover event (block 1320), and low
signal event (block 1310) where no input signal is detected
and/or a signal below a pre-define threshold is determined.
Typically detection is performed once per sampling cycle.
According some embodiments of the present invention, if
during a current cycle, a hover event is detected (block 1310)
and/or a low signal event is determined, in a following cycle,
the digitizer system will configure itself for hover tracking
and/or detection as described herein, for example, by imple-
menting a hover amplification factor (block 1360). Alterna-
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tively, if during a current cycle, a touch event is detected
(block 1330), conductive lines associated with the touch
event are detected (block 1410) and in the following cycle, the
digitizer system will locally configure itself for touch track-
ing and/or detection in the detected conductive lines associ-
ated with the touch event (block 1470). For example, a touch
amplification factor may be implemented for those specific
lines. According to some embodiments of the present inven-
tion, a touch amplification factor may be implemented for
those specific lines in addition to lines in the vicinity of the
touch detection. According to some exemplary embodiments,
a switch from a hover detection configuration (1360) to a
local touch detection configuration (block 1470) on a selec-
tive number of conductive lines is made when saturation
and/or a pre-defined level of saturation is detected in part of
the digitizer sensor. Conductive lines associated with and/or
near the touch event are detected (block 1410) for the current
cycle where saturation has been determined and, the digitizer
system will locally configure itself for touch tracking and/or
detection in those detected conductive lines associated with
or optionally also near the touch event (block 1470). Typi-
cally hover detection configuration is used as a default and/or
initial setting since an object naturally hovers over the digi-
tizer prior to touching and/or as it approaches the digitizer to
touch it. According to some embodiments of the present
invention, a switch back from a touch detection configuration
to a hover detection configuration for those specific lines is
implemented when a low signal is detected, e.g. a low signal
event (block 1310). Other described methods for distinguish-
ing between a touch and/or hover event (besides and/or in
addition to detecting low signal signals and/or saturation, for
example, as is described in reference to FIG. 13) may be
implemented. Alternatively, simultaneous detection is facili-
tated by implementing system setting for hover detection on
some of the conductive lines, e.g. every other conductive line,
every 3 conductive line, etc., and implementing system set-
ting for touch detection on the other the conductive lines.

According to some embodiments of the present invention
detection of a hover event as a precursor to a detected touch
event is provided and implemented for palm rejection. Palm
rejection is typically required to reject input signals derived
from a user placing and/or resting a hand over the digitizer
sensor while using a stylus and/or fingertip for user interac-
tion with the digitizer system. Often, the hand resting and/or
hovering over the sensor may be mistaken as a user intended
user interaction with the digitizer.

Reference is made to FIG. 15 describing an exemplary
method for palm rejection based on analysis and/or process-
ing of hover events that serve as precursors to touch events
according to some embodiments of the present invention.
According to some embodiments of the present invention, a
hovering event is used to provide ‘history’ information
regarding a subsequent touch event. According to some
embodiments of the present invention one or more features of
a hover and related touch event are used, detected and/or
analyzed to verify a user intended user interaction and/or are
used for palm rejection. The digitizer system searches for a
hover event until a hover event is detected (block 1510).
Parameters of the detected hover event are determined (block
1520), e.g. area of the hover object, center of mass of the
detected area, and/or center of the detected area. Optionally,
gesture recognition is performed to determine if the hover
event is an intended pre-defined gesture. Subsequent to hover
detection, a touch event is sought (block 1530). Parameters of
the detected touch event are determined (block 1540), e.g.
area of the touch object, center of mass of the detected area,
and/or center of the detected area. Hover area and touch area
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are compared with a respective pre-defined hover area thresh-
old and a pre-defined touch area threshold. A query is made to
determine if the touch area is larger than its pre-defined
threshold, TT (block 1550). When touch area is found to be
relatively large, palm rejection is performed (block 1590) to
reject the touch input signal for user interaction. This case
typically reflects a hand or a palm touching the digitizer
sensor. For a case where the query in block 1550 is negative a
new query is made to determine if both the hover area and the
touch area are smaller than their respective pre-defined
thresholds (block 1560). When both the hover area and the
subsequent touch area were both found to be relatively small,
the touch signal is verified for user interaction (block 1580).
This case typically reflects a finger hovering over and then
touching the digitizer sensor. Optionally prior to verifying a
touch signal for user interaction, a verification of the touch
pattern based on a pattern of signal amplitudes and gradients
determined from the conductive lines of the digitizer sensor is
also performed. Methods for performing verification of the
touch pattern performed based on a pattern of signal ampli-
tudes and gradients are described with further detail in incor-
porated U.S. patent application Ser. No. 11/808,868 filed on
Jun. 13, 2007 and assigned to the common assignee. Accord-
ing to one exemplary embodiment, touch verification based
on amplitude and gradient patterns and touch verification
based on other methods described herein can be perform
simultaneously and/or substantially simultaneously.

For other cases a difference in the center of mass for the
hover event and subsequent touch event is determined and a
query is made to determine if the difference is above a pre-
defined shift threshold (block 1570). Optionally, a center of
detected area can be used instead of a center of mass. The
present inventors have found that a change in the center of
mass can be used to differentiate between a hand hovering
over a digitizer sensor and a subsequent finger touching the
digitizer sensor and a fist or a hand hovering and then touch-
ing a digitizer sensor. According to embodiments of the
present invention an example of a substantial change in the
center of mass is when a hand hovers over a screen (having a
center of mass around the middle of the hand) and then a
finger which is at the end of the hand, touches the screen. For
cases when the change in the center of mass between the
hover event and the touch event is large, e.g. above the pre-
defined threshold, the input touch signal is verified for user
interaction (block 1580). Otherwise a palm rejection is per-
formed (block 1590). According to embodiments of the
present invention, an example of a non-substantial change
and/or small change in the center of mass, e.g. that would lead
to palm rejection, is when a hand hovers over a display screen
(having a center of mass around the middle of the hand) and
then the hand rests on the digitizer sensor. Optionally prior to
verifying a touch signal for user interaction, a verification of
the touch pattern based on a pattern of signal amplitudes and
gradients determined from the conductive lines of the digi-
tizer sensor is also performed.

Reference is now made to FIG. 16 describing an exemplary
method for palm rejection based on analysis of simulta-
neously detected hover and touch events, according to some
embodiments of the present invention. According to some
embodiments of the present invention, a touch event is sought
(block 1610). According to some embodiments of the present
invention, touch events are detected based on methods
described herein for simultaneous detection of both hoverand
touch. Upon detection of a touch event, an area of the touch
event is determined. For areas above a pre-defined touch
threshold, palm rejection is performed and the touch event is
rejected for user interaction (block 1670). Otherwise the
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hover events simultaneously detected on the sensor are ana-
lyzed. If a small area of hovered object is detected around the
touch location (block 1630) and/or if a larger area of hover is
detected on one side of the touch location (block 1640) a user
intended user interaction is verified, e.g. a finger touch and the
input signal is used for user interaction. For cases where a
large area of ahovered object is detected in more than one side
of the touch location (block 1650), palm rejection is per-
formed (block 1670).

Reference is now made to FIG. 17 showing simultaneous
hover and touch detection on a digitizer resulting in palm
rejection according to some embodiments of the present
invention. Touch area 1751 is surrounded by a relatively large
hover area 1752. Such detection is typically caused by a palm
hovering over a digitizer sensor and only partially touching
the digitizer sensor. In this exemplary embodiment, although
the detected touch area is small, the large hover area 1752
indicates that the event is a palm event. As such, the detected
signal is rejected as an unintended user interaction.

Reference is now made to FIG. 18 showing simultaneous
hover and touch detection on a digitizer resulting in user
interaction verification according to some embodiments of
the present invention. Touch area 1853 has a hover area 1854
on one side of the touch area. Such detection is typically
reflected by a hand hovering over a digitizer sensor while a
fingertip touches the sensor. As such, the detected signal is
verified as an intended user interaction.

According to some embodiments of the present invention,
a touch area surrounded by a small hover area is typically
reflected by a finger touching and partially hovering over a
digitizer sensor. As such, the detected signal is verified as an
intended user interaction.

As used herein the term event, e.g. hover event or touch
event, on a digitizer sensor corresponds to input signals
detected over a substantially concentrated position and/or
area on a digitizer.

Although the system and method described herein has been
mostly described in reference to user specific finger touch
recognition on a digitizer, a similar system and method can be
used for user specific recognition of other intended user inter-
actions with a digitizer. For example recognition of finger
hovering over a digitizer, stylus hovering over a digitizer,
stylus touch on a digitizer, etc.

It should be further understood that the individual features
described hereinabove can be combined in all possible com-
binations and sub-combinations to produce exemplary
embodiments of the invention. Furthermore, not all elements
described for each embodiment are essential. In many cases
such elements are described so as to describe a best more for
carrying out the invention or to form a logical bridge between
the essential elements. The examples given above are exem-
plary in nature and are not intended to limit the scope of the
invention which is defined solely by the following claims.

The terms “include”, “comprise” and “have” and their
conjugates as used herein mean “including but not necessarily
limited to”.

The invention claimed is:

1. A method for tracking a hover event on a digitizer sensor
of a digitizer system that treats hover and touch events differ-
ently, the digitizer sensor formed from a plurality of conduc-
tive lines spread over a sensing surface, the method compris-
ing:

defining an amplification factor for hover tracking;

setting an amplification factor of amplifiers connected to

the plurality of conductive lines to the amplification
factor defined for hover tracking, wherein the amplifi-
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cation factor defined for hover tracking is different from
an amplification factor defined for touch tracking;

sampling outputs that are amplified with the amplification
factor defined for hover tracking;

detecting an input signal to the digitizer sensor based on the

outputs sampled;

verifying that the input signal is associated with a hover

event as opposed to a touch event, responsive to ampli-
tude and a gradient pattern of the outputs across at least
part of the sensing surface corresponding to a first pre-
defined amplitude and gradient pattern for hover that is
other than a second pre-defined amplitude and gradient
pattern for touch, wherein gradients forming the gradi-
ent pattern are absolute values of the differences of
amplitudes of output on pairs of neighboring conductive
lines; and

defining a hover tracking point for the input signal respon-

sive to verifying that the input signal is associated with a
hover event.

2. The method according to claim 1, comprising:

interrogating the digitizer sensor by transmitting a signal

over at least one of the plurality of the conductive lines;
and

setting an amplitude of the signal implemented to interro-

gate the digitizer sensor to a level defined for hover
tracking, wherein the level defined for hover tracking is
different than for touch tracking.

3. The method according to claim 1, comprising configur-
ing the digitizer sensor to interrogate pairs of conducting lines
coupled to a differential amplifier with an AC signal defined
for hover tracking to detect the input signal.

4. The method according to claim 1, wherein the detecting
is based on a capacitive touch method.

5. The method according to claim 1, wherein the hover
tracking point is a center of mass of the pattern of the ampli-
tudes of the outputs sampled.

6. The method according to claim 5, wherein the center of
mass is defined as a weighted average of the pattern of the
amplitudes of the outputs sampled.

7. The method according to claim 1, comprising calculat-
ing a height of the hover event from an amplitude pattern of
the outputs sampled.

8. The method according to claim 1, comprising calculat-
ing a change in height of the hover event from an amplitude
pattern of the outputs sampled.

9. The method according to claim 8, wherein the change in
height is based on changes in the amplitude of the outputs
sampled over time.

10. The method according to claim 1, comprising calculat-
ing a surface map of heights from an amplitude pattern of the
outputs sampled.

11. The method according to claim 1, comprising control-
ling cursor position of a display associated with the digitizer
sensor with the tracking point.

12. The method according to claim 1, comprising:

switching the setting of the amplification factor of the

amplifiers from the amplification factor defined for the
hover tracking to the amplification factor defined for the
touch tracking responsive to a pre-defined number of the
outputs sampled having amplitudes equal to or above a
pre-defined amplitude threshold.

13. The method according to claim 12, wherein the switch-
ing from the amplification factor defined for the hover track-
ing to the amplification factor defined for the touch tracking is
responsive to the pre-defined number of the outputs sampled
having amplitudes reaching a level of saturation of the digi-
tizer system.
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14. The method according to claim 1, comprising:

configuring the digitizer system to amplify outputs from

the plurality of conductive lines of the digitizer sensor
with the amplification factor for the touch tracking
responsive to the amplitude and gradient pattern of the
outputs sampled across at least a part of the sensing
surface corresponding to the second pre-defined ampli-
tude and gradient pattern for touch;

detecting a low signal event while the digitizer system is

configured for operating with the amplification factor
for the touch tracking; and

switching configuration of the digitizer system from oper-

ating with the amplification factor for the touch tracking
to operating with the amplification factor for hover
tracking responsive to detection of the low signal event,
wherein the low signal event is other than the hover event
and the touch event and is defined between an upper and
a lower threshold.

15. The method according to claim 1, comprising:

determining a contour of a region on the digitizer sensor

from which the input signal is detected;

determining gradients of signal amplitudes of the outputs

sampled in the vicinity of the contour; and

defining a gradient threshold above which the input signal

is determined to be a touch input signal and below which
the input signal is determined to be a hover input signal.

16. The method according to claim 15, comprising switch-
ing configuration of the digitizer system to amplify outputs
from the plurality of conductive lines of the digitizer sensor
with an amplification factor defined for touch tracking
responsive to at least one of the gradients being above the
gradient threshold.

17. The method according to claim 16, comprising switch-
ing back the configuration of the digitizer system to amplify
outputs from the plurality of conductive lines of the digitizer
sensor with an amplification factor defined for hover tracking
responsive to at least one of the gradients being below the
gradient threshold.

18. The method according to claim 1 wherein the digitizer
system is configured for operation with the amplification
factor defined for the hover tracking over a first part of the
digitizer sensor and further comprising:

configuring the digitizer system to operate with the ampli-

fication factor defined for the touch tracking over a sec-
ond part of the digitizer sensor that is other than the first
part; and

tracking input signals to first and second portion of the

digitizer sensor substantially simultaneously.

19. The method according to claim 18, comprising:

detecting a touch event on one or more of the plurality of

the conductive lines of the digitizer sensor; and
configuring the outputs from the one or more of the plural-
ity of the conductive lines for touch tracking.

20. The method according to claim 19, wherein detecting
the touch event comprises:

comparing amplitudes of the outputs sampled on the one or

more of the plurality of the conductive lines to a pre-
defined amplitude threshold; and

verifying the touch event responsive to a pre-defined num-

ber of the outputs sampled having amplitudes equal to or
above the pre-defined amplitude threshold.

21. The method according to claim 20, wherein the ampli-
tude threshold is a saturation level of the digitizer system in
the configuration with the amplification factor defined for the
hover tracking.
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22. The method according to claim 18, comprising:

determining a pattern of amplitude gradients of the outputs

sampled; and

determining either a touch or hover event in a region cor-

responding to the plurality of conductive lines respon-
sive to the pattern of the amplitude gradients.

23. The method according to claim 18, comprising:

determining a contour of a region on the digitizer sensor

from which input signals are detected;

determining amplitude gradients of the outputs sampled in

the vicinity of the contour; and

defining a gradient threshold above which the input signal

from the region is determined to be a touch input signal
and below which the input signal from the region are
determined to a hover input signal.

24. The method according to claim 18, comprising switch-
ing configuration of the digitizer system over the second part
of the digitizer sensor from operating with the amplification
factor defined for touch tracking to the amplification factor
defined for hover tracking responsive to detection of a low
signal event.

25. The method according to claim 18, comprising switch-
ing configuration of the digitizer system to operate with the
amplification factor defined for the hover tracking responsive
to a determination that a gradient of the outputs sampled from
the second part of the digitizer sensor is below a pre-defined
gradient threshold.

26. The method according to claim 15, wherein the outputs
are detected from a plurality of vertical and horizontal con-
ductive lines of the digitizer sensor arranged in a grid like
fashion, and wherein the contour is a rectangular contour
defined by the plurality vertical and horizontal conductive
lines detecting the input signal.

27. The method according to claim 15, wherein the outputs
are detected from a plurality of vertical and horizontal con-
ductive lines of the digitizer sensor arranged in a grid like
fashion, and wherein the contour is defined by junctions of
cross conducting lines of the digitizer sensor from which the
inputs signals are detected.

28. The method according to claim 1, comprising defining
a gradient threshold for the gradients above which the outputs
sampled are determined to be from touch input signals and
below which the outputs sampled are determined to be from
hover input signals.

29. The method according to claim 1, comprising control-
ling cursor position on a display associated with the digitizer
based on the hover input signals.

30. The method according to claim 1, comprising perform-
ing a user action based on the touch input signals, wherein the
user action is selected from a group consisting of selecting a
feature, writing text, monitoring a cursor, and entering data
with the touch input signal.

31. The method according to claim 1, wherein the digitizer
is a transparent digitizer.

32. A digitizer system for tracking a hover event on a
digitizer sensor that treats hover and touch events differently
comprising:

a digitizer sensor including a plurality of conductive lines;

a memory operative to store an amplification factor of the

digitizer sensor for hover tracking that is different than
an amplification factor of the digitizer sensor for touch
tracking; and

a controller operative to set an amplification factor of

amplifiers connected to outputs from the plurality of
conductive lines of the digitizer sensor to a dedicated
pre-defined amplification factor defined for hover track-
ing that is other than a dedicated pre-defined amplifica-
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tion factor for touch tracking, to detect input signals
based on the outputs sampled, to verify that the input
signals are part of a hover event as opposed to a touch
event responsive to an amplitude and gradient pattern of
the outputs across at least part of the sensing surface
corresponding to a first pre-defined amplitude and gra-
dient pattern for hover that is other than a second pre-
defined amplitude and gradient pattern for touch, and to
define a hover tracking point for the input signals
responsive to verifying that the input signals are part of
a hover event, wherein gradients forming the gradient
pattern are absolute values of the differences of ampli-
tudes of output on pairs of neighboring conductive lines.
33. The system according to claim 32, wherein the control-
ler is operative to configure the digitizer system to interrogate
the plurality of conductive lines with a pre-defined power
level defined for hover tracking.
34. The system according to claim 32, wherein the control-
ler is operative set the amplification factor defined for touch
tracking on conducting lines from which a touch input signal
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is detected and to set the amplification factor defined for
hover tracking on conducting lines from which a hover input
signal is detected.

35. The system according to claim 32, wherein the control-
ler operative to switch from the amplification factor defined
for the hover tracking to the amplification factor defined for
the touch tracking when a touch input signal is detected.

36. The system according to claim 35, wherein the control-
ler is operative to switch from the amplification factor defined
for the touch tracking to the amplification factor defined for
the hover tracking when a low amplitude signal is detected.

37. The system according to claim 32, wherein the control-
ler is operative to recognize a gesture to switch between the
amplification factors defined for hover tracking and touch
tracking.

38. The system according to claim 32, wherein the control-
ler is operative to apply the amplification factor defined for
touch tracking in response to the amplitude and the gradient
pattern corresponding to the second pre-defined amplitude
and gradient pattern for touch.
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