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MULTI-TOUCH DETECTION 

RELATED APPLICATIONS 

0001. The present application claims the benefit under 
section 35 U.S.C. S 119(e) of U.S. Provisional Application 
No. 61/071.458 filed on Apr. 30, 2008 and U.S. Provisional 
Application No. 61/136,049 filed on Aug. 8, 2008 both of 
which are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention, in some embodiments 
thereof, relates to multi-touch sensitive computing systems 
and more particularly, but not exclusively to multi-touch 
detection methods with grid based sensors. 

BACKGROUND OF THE INVENTION 

0003 Digitizing system and touch sensitive screens that 
allow a user to operate a computing device with a finger 
and/or stylus are known. Typically, a digitizer is integrated 
with a display screen, e.g. over-laid on the display screen, to 
correlate user input, e.g. finger touch and/or stylus interaction 
on the screen with the virtual information portrayed on dis 
play Screen. Position detection of the fingers and/or stylus 
detected provides input to the computing device and is inter 
preted as user commands. 
0004 U.S. Pat. No. 6,690,156 entitled “Physical Object 
Location Apparatus and Method and a Platform using the 
same” and U.S. Pat. No. 7.292,229 entitled “Transparent 
Digitizer both of which are assigned to N-trig Ltd., the 
contents of both which are incorporated herein by reference, 
describe a positioning device capable of locating multiple 
physical objects positioned on a Flat Panel Display (FPD) and 
a transparent digitizer sensor that can be incorporated into an 
electronic device, typically over an active display screen of 
the electronic device. The digitizer sensor includes a matrix of 
Vertical and horizontal conductive lines to sense an electric 
signal. Typically, the matrix is formed from conductive lines 
patterned on two transparent foils that are Superimposed on 
each other. Positioning the physical object at a specific loca 
tion on the digitizer provokes a signal whose position of 
origin may be detected. 
0005 U.S. Pat. No. 7,372,455, entitled “Touch Detection 
for a Digitizer assigned to N-Trig Ltd., the contents of which 
is incorporated herein by reference, describes a digitizing 
tablet system including a transparent digitizer sensor overlaid 
on a FPD. The transparent digitizing sensor includes a matrix 
of vertical and horizontal conductive lines to sense an electric 
signal. Touching the digitizer in a specific location provokes 
a signal whose position of origin may be detected. The digi 
tizing tablet system is capable of detecting position of mul 
tiple physical objects and fingertip touches using same con 
ductive lines. 
0006 U.S. Patent Application Publication No. 
20060012581 entitled “Tracking window for a digitizer sys 
tem' assigned to N-trig Ltd., and which is incorporated herein 
by reference in its entirety, describes an apparatus for tracking 
positions of user interactions interacting with a sensing area. 
The apparatus comprises a plurality of sensing elements 
spread across the sensing area to sense positions of the user 
interactions and a controller to dynamically select a Subset of 
the sensing elements to determine positions of the user inter 
actions. The selected Subset of sensing elements is updated 
based on previous detected positions of the user interactions. 
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The controller provides for reducing the number of sensing 
elements that require sampling to determine positions of the 
user interactions. 

0007 US Patent Application Publication No. 
20070062852, entitled “Apparatus for Object Information 
Detection and Methods of Using Same assigned to N-Trig 
Ltd., the contents of which is incorporated herein by refer 
ence, describes a digitizer sensor and/or touch screen sensi 
tive to capacitive coupling and objects adapted to create a 
capacitive coupling with the sensor when a signal is input to 
the sensor. In some embodiments, the digitizer sensor 
includes a series of activated electrodes and passive elec 
trodes. An AC signal, e.g. a pulsed AC signal, sequentially 
activates each of the activated electrodes. In response to each 
AC signal applied, a signal is transferred, by capacitive cou 
pling, to each of the passive electrodes. The presence of a 
finger or an object typically alters the signal transferred to 
Some of the passive electrodes. In some exemplary embodi 
ments described in this reference, to speed up report rate, the 
active electrodes are divided into a number of groups wherein 
the active electrodes in each group are activated sequentially 
but the groups work simultaneously. This is accomplished by 
applying AC signals with non-mutually interfering (orthogo 
nal) frequencies to each of the groups working simulta 
neously. 

SUMMARY OF THE INVENTION 

0008 According to an aspect of some embodiments of the 
present invention there is provided a multi-touch sensitive 
computing system and method that provides for identifying 
portions of the multi-touch sensitive sensor that requires 
scanning to detect multi-touch positions of user interactions. 
According to Some embodiments of the present invention, 
portions of a sensor affected by user interaction are first 
identified without Scanning conductive lines, e.g. sensor 
lines, of a grid based sensor and then only those portions 
and/or lines of the sensor are scanned to determine the posi 
tions of the user interactions on the multi-touch sensor. 
0009. As used herein scanning comprises independently 
triggering one or more lines along one axis of a grid based 
sensor and determining outputs on at least one line crossing 
the triggered line, in a manner that allows for determining the 
position on the line at which the interaction takes place. It 
includes triggering one line at a time along one axis of a grid 
based sensor and in response determining outputs on at least 
one crossing line. Typically, Scanning refers to sequentially 
triggering one line at a time along one axis of a grid based 
sensor and in response to each triggering determining outputs 
on lines (or at least one line) crossing the triggered line. 
Optionally scanning includes sequentially triggering groups 
of lines and in response to each triggered group, determining 
outputs on at least one line crossing the triggered line. When 
triggering groups of lines, distinctive triggering signals are 
applied to trigger each line in a single group and the outputs 
are decomposed to components corresponding to each of 
distinctive triggering signal. 
0010. According to some embodiments of the present 
invention, portions of a sensor affected by user interaction are 
identified by simultaneously triggering a plurality of sensor 
lines of the multi-touch sensor with signals that are either the 
same or do not allow for the determination of the junction at 
which the interaction takes place, and analyzing outputs in 
response to the simultaneous triggering. 



US 2009/0273579 A1 

0011. As used herein multi-touch sensitive computing 
systems (sometimes referred to as multi-point sensitive com 
puting systems) refers to systems having a touch sensitive 
sensor, and capable of detecting input obtained with at least 
two same user interactions, e.g. finger touch interaction, con 
currently interacting with sensor, e.g. at two different loca 
tions on the sensor. Multi-point and/or multi-touch detection 
may include detection of interaction with the digitizer sensor 
by touch and/or hovering. 
0012. An aspect of some embodiments of the present 
invention provides for a method for multi-touch detection in 
a touch input device comprising a grid based sensor, the 
method comprising: sampling outputs from a grid based sen 
sor over a first stage of detection; selecting sensor lines based 
on the sampled outputs; Scanning the selected sensor lines 
along one axis of the grid based sensor over a second stage of 
detection; and determining positions of user interaction based 
on outputs sampled in response to Scanning the selected sen 
Sor lines during the second stage of detection. 
0013 Optionally, the detection during the first and second 
stage of detection is capacitive based detection. 
0014 Optionally, the sensor lines are selected during the 

first stage of detection in response to determining a presence 
of user interaction on the sensor lines based on the sampled 
outputs. 
00.15 Optionally, the first and second stage of detection is 
performed over a single refresh cycle of the touch input 
device. 
0016 Optionally, the first stage of detection is shorter in 
duration than the second stage of detection. 
0017 Optionally, the method comprises selecting one of 
the first or second axes of the grid based sensor for scanning 
during the second stage of detection, wherein the selection is 
based on the number of sensor lines selected on each axis. 
0018 Optionally, the sampling during the first stage of 
detection is in response to simultaneous triggering or inter 
rogating a plurality of sensor lines. 
0019. Optionally, the sampling during the first stage of 
detection is in response to simultaneously triggering all sen 
Sor lines along one axis of the grid based sensor. 
0020 Optionally, the sampling during the first stage of 
detection is in response to simultaneously triggering all sen 
Sor lines in both axis of the grid based sensor. 
0021 Optionally, the sampling during the first stage of 
detection is in response to simultaneously triggering a first 
group of sensor lines along a first axis with a first triggering 
signal and a second group of sensor lines along the first axis 
with a second triggering signal, wherein the second triggering 
signal is orthogonal to the first triggering signal. 
0022 Optionally, the sampling during the first stage of 
detection is in response to triggering a plurality of lines along 
a first axis of the grid based sensor and sampling signals on 
the second axis of the grid based sensor. 
0023 Optionally, the outputs of the sensor lines are 
sampled simultaneously. 
0024 Optionally, the selecting during the first stage of 
detection is in response to sampling a difference signal 
between outputs of parallel lines in the grid based sensor. 
0025 Optionally, the selecting is in response to detecting 
a magnitude of an output that is below a threshold value. 
0026. Optionally, the threshold is determined in accor 
dance with a baseline level determined in the absence of 
finger touch. 
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0027 Optionally, the selecting comprises selecting sensor 
lines along both axes of the grid based sensor. 
0028 Optionally, the method comprises selecting sensor 
lines neighboring the identified lines and including the 
selected lines as part of the identified lines triggered during 
the second stage of detection. 
0029 Optionally, the method comprises choosing a pre 
determined number of sensor lines from the selectedlines and 
triggering only the pre-determined number of selected sensor 
lines chosen during the second stage of detection. 
0030 Optionally, the selected sensor lines associated with 
a most pronounced detection signal from all the selected 
sensor lines are chosen. 
0031 Optionally, the method comprises transmitting the 
coordinates to a host associated with the touch input device. 
0032. Optionally, the outputs indicating a presence of user 
interaction is in response to at least one of touch and hovering 
of the user interaction. 
0033) Optionally, the user interaction is a fingertip. 
0034. An aspect of some embodiments of the present 
invention provides for a method for multi-touch detection in 
a touch input device comprising a grid based sensor, the 
method comprising: identifying, over a first detection stage, 
sensor lines associated with outputs indicating a presence of 
user interaction; and Scanning, over a second Subsequent 
detection stage, the identified sensor lines along a first axis of 
the grid based sensor to determine one or more positions of 
the user interactions on the sensor lines identified, wherein 
the first and second detection stages are performed over a 
single refresh cycle of the touch input device. 
0035 An aspect of some embodiments of the present 
invention provides for a method for multi-touch detection in 
a touch input device comprising a grid based sensor, the 
method comprising: performing a first touch detection during 
a first detection stage, wherein the first touch detection pro 
vides for identifying sensor lines on both axes of the grid 
based sensor affected by user interaction with the sensor: 
determining if coordinates of the user interactions are 
ambiguous based on the first touch detection during the first 
detection stage; and performing a second touch detection that 
provides for determining junctions affected by user interac 
tion during a Subsequent detection stage during a same 
refresh cycle in response to determined ambiguity, to resolve 
the ambiguity. 
0036) Optionally, the first and second touch detection is a 
capacitive based detection. 
0037 Optionally, the first and second detection stage is 
performed over a single refresh cycle of the touch input 
device. 
0038 Optionally, the method comprises skipping the sec 
ond stage of detection during at least one refresh cycle in 
response to no sensorlines identified during the first detection 
stage of the cycle. 
0039. Optionally, the method comprises skipping the sec 
ond stage of detection during at least one refresh cycle in 
response to only identifying sensor lines associated with a 
single interaction location during the first stage of detection 
of the cycle. 
0040. Optionally, the method comprises skipping the sec 
ond stage of detection of at least one refresh cycle in response 
to identifying sensor lines during the refresh cycle that is 
Substantially similar to the sensor lines identified during 
refresh cycle directly preceding the current refresh cycle. 
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0041. Optionally, the method comprises determining 
coordinates of user interactions based on tracking informa 
tion from previous refresh cycles. 
0042 Optionally, different detection methods are used for 
the different stages of detection. 
0043. Optionally, during the first stage of detection, the 
sensor lines are identified based on a one-dimensional detec 
tion method for detecting user interaction. 
0044 Optionally, during the first stage of detection, the 
sensor lines are identified based on a single touch detection 
method. 
0045 Optionally, during the second stage of detection, 
determining coordinates of user interaction is based on a 
two-dimensional detection method for detecting user interac 
tion. 
0046) Optionally, during the second stage of detection, 
determining coordinates of user interactions is based on a 
multi-touch detection method. 
0047. An aspect of some embodiments of the present 
invention provides for a method for touch detection in a touch 
input device comprising a grid based sensor, the method 
comprising: simultaneously triggering a plurality of sensor 
lines along a first axis of a grid based sensor with a same 
triggering signal; sampling capacitively coupled signals on 
the second axis of the grid based sensor in response to the 
triggering; simultaneously triggering a plurality of sensor 
lines along the second axis of the grid based sensor with a 
same triggering signal; Sampling capacitively coupled signals 
on the first axis in response to the sampling; and determining 
sensor lines on the first and second axis that have output that 
indicate a presence of a user interaction. 
0048. Optionally, the capacitively coupled signals are 
sampled Substantially simultaneously. 
0049 Optionally, the method comprises simultaneously 
triggering a first group of sensor lines with a first triggering 
signal and a second group of sensor lines with a second 
triggering signal, wherein the second triggering signal is 
orthogonal to the first triggering signal. 
0050. Optionally, the first and second triggering signals 
are orthogonal in phase. 
0051 Optionally, the first and second triggering signals 
are orthogonal in frequency. 
0052 Optionally, them method comprises simultaneously 
triggering a first group of sensor lines along an axis and 
Subsequently triggering a second group of sensor lines along 
the axis. 
0053) Optionally, determining sensor lines on the first and 
second axis that have output that indicate a presence of a user 
interaction is in response to detecting a magnitude of an 
output that is below a threshold value. 
0054 Optionally, the threshold is determined in accor 
dance with a baseline level determined in the absence of 
finger touch. 
0055 An aspect of some embodiments of the present 
invention provides for a method of multi-touch detection in a 
touch input device comprising: identifying regions in which 
may have interactions in a first detection stage; Scanning only 
the identified regions in a second detection stage to localize 
the position of the interactions, wherein the first and second 
stage are performed during a single refresh cycle. 
0056. Unless otherwise defined, all technical and/or sci 
entific terms used herein have the same meaning as com 
monly understood by one of ordinary skill in the art to which 
the invention pertains. Although methods and materials simi 
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lar or equivalent to those described herein can be used in the 
practice or testing of embodiments of the invention, exem 
plary methods and/or materials are described below. In case 
of conflict, the patent specification, including definitions, will 
control. In addition, the materials, methods, and examples are 
illustrative only and are not intended to be necessarily limit 
1ng. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0057. Some embodiments of the invention are herein 
described, by way of example only, with reference to the 
accompanying drawings. With specific reference now to the 
drawings in detail, it is stressed that the particulars shown are 
by way of example and for purposes of illustrative discussion 
of embodiments of the invention. In this regard, the descrip 
tion taken with the drawings makes apparent to those skilled 
in the art how embodiments of the invention may be practiced. 
0058. In the drawings: 
0059 FIG. 1 is an exemplary simplified block diagram of 
a digitizer system in accordance with some embodiments of 
the present invention; 
0060 FIG. 2 is an exemplary simplified circuit diagram 
for touch detection based on triggering sensor lines along a 
first axis of a digitizer sensor and detecting output signals 
crossing to sensor lines along a second axes of the sensor by 
virtue of a capacitance formed at junctions in the sensor grid 
in accordance with some embodiments of the present inven 
tion; 
0061 FIG. 3A is a schematic illustration of digitizer sen 
sor outputs along a second axis of a digitizer sensor in 
response to simultaneously triggering sensor lines along a 
first axis used to identify interacting lines of the sensor along 
the second axis in accordance with some embodiments of the 
present invention; 
0062 FIG. 3B is a schematic illustration of sensor outputs 
when scanning interacting lines of the second axis of the 
sensor to determine multi-touch interaction in accordance 
with some embodiments of the present invention; 
0063 FIG. 4 is a simplified flow chart of an exemplary 
method for identifying and scanning interacting lines of a 
digitizer sensor along one axis of the sensor to determine 
multi-touch interaction in accordance with some embodi 
ments of the present invention; 
0064 FIG. 5A is a schematic illustration of digitizer sen 
sor outputs along a first axis of a digitizer sensor in response 
to simultaneously triggering sensor lines along a second axis 
used to identify interacting lines of the sensor along the first 
axis in accordance with some embodiments of the present 
invention; 
0065 FIG. 5B is a schematic illustration of sensor outputs 
when scanning interacting lines along the first axis if the 
sensor and sampling interacting lines along the second axis of 
the sensor to determine multi-touch interaction in accordance 
with some embodiments of the present invention; 
0.066 FIG.5C is a schematic illustration of sensor outputs 
when scanning interacting lines along the second axis of the 
sensor and sampling interacting lines along the first axis of the 
sensor to determine multi-touch interaction in accordance 
with some embodiments of the present invention; 
0067 FIG. 6 is a simplified flow chart describing an exem 
plary method for scanning and sampling selected sensor lines 
to determine multi-touch interaction inaccordance with some 
embodiments of the present invention: 
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0068 FIG. 7A is an exemplary simplified circuit diagram 
for touch detection based on differential signal outputs 
obtained from pairs of parallel sensor lines in a sensor grid for 
use with some embodiments of the present invention; 
0069 FIG. 7B is an exemplary simplified circuit diagram 
showing triggering of one pair of non-adjacent parallel sensor 
lines from the sensor for touch detection based on differential 
signal outputs for use with some embodiments of the present 
invention; 
0070 FIGS. 8A-8B are two schematic illustrations show 
ing exemplary output from a digitizer sensor based on differ 
ential signal outputs while two fingers are concurrently inter 
acting with the sensor in accordance with Some embodiments 
of the present invention; and 
0071 FIG.9 is a simplified flow chart describing an exem 
plary method for identifying and Scanning selected portions 
of a digitizer sensor based on signal outputs obtained for both 
axes simultaneously to determine multi-touch interaction in 
accordance with some embodiments of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
OF THE INVENTION 

0072 The present invention, in some embodiments 
thereof, to multi-touch sensitive computing systems and more 
particularly, but not exclusively to multi-touch detection 
methods with grid based sensors. 
0073 Known methods for multi-touch detection typically 
required scanning sensor lines in a grid based sensor to detect 
a user interaction on one or more junctions of the grid. Typi 
cally, Scanning involves sequentially triggering sensor lines 
along one axis of the grid and in response to each triggering, 
sampling output from all the sensor lines on the other axis of 
the grid (the cross axis) to determine output from each junc 
tion formed by the triggered line and each line crossing it. 
Typically, sampling output from all the sensor lines is per 
formed Substantially simultaneously. Scanning the lines to 
determine output at each junction of the grid provides for 
differentiating between more than one simultaneous touch 
detected on a single sensor line. 
0074 The present inventors have found that the process 
ing and time requirements to repeatedly sample all cross lines 
for each line triggered is significant and may limit one or more 
of the report rate that can be achieved, the size of the sensor 
that can be used and the resolution of the sensor. 
0075. The present inventors have also found that the report 

rate, size and/or resolution of the sensor can be increased by 
first determining possible areas of interactions without scan 
ning and then scanning only portions of the sensor where 
interaction (touch or hovering) activity is identified to deter 
mine the location of the interaction within these portions. 
0076 An aspect of some embodiments of the present 
inventions provides for performing touch detection in two 
stages. During a first stage of detection, interacting portions 
one or more interaction areas of the sensor are identified and 
during a second stage, the identified portions are scanned. As 
used herein interaction areas are areas where possible inter 
action has been detected and interacting lines are lines on 
which interaction has been identified. According to some 
embodiments of the present, performing touch detection in 
two stages provides for limiting the area(s), e.g. the number of 
sensor lines of the sensor that requires scanning and thereby 
reducing the overall time required for detection. According to 
Some embodiments of the present invention, limiting the 
number of sensor lines of the sensor that requires scanning to 
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determine interaction positions reduces the overall system 
sensitivity to noise since the detection is performed on only a 
limited portion of the junctions available on the sensor. As 
Such the number of false positives in response to scanning is 
reduced. 
0077 According to some embodiments of the present 
invention, to identify interacting portions of the sensors, all 
sensor lines along one axis are simultaneously triggered and 
output from all lines are triggered with a same signal. In some 
exemplary embodiments, to increase the sensitivity of mea 
Surement the number or lines simultaneously triggered with 
the same triggering signal during a first stage of detection is 
limited. Optionally, groups of lines are triggered with differ 
ent frequencies. Optionally, groups of lines are triggered with 
signals having an orthogonal phase. The present inventors 
have found that triggering groups of lines with different fre 
quencies, signals with orthogonal phase and/or triggering less 
than all the sensor lines along one axis provides for increasing 
sensitivity of outputs from the cross lines. 
0078. Alternatively, only a portion of all the lines along 
one axis, e.g. half the lines, one third of the lines or one forth 
of the lines, are simultaneously triggered and other portions 
are Subsequently triggered. Although sequential triggering by 
groups increases the time required to identify interacting 
sensor lines, it is still more time affective than triggering each 
line separately as is typically done during the second stage of 
detection and it has been found in significantly increase sen 
sitivity of measurement. 
0079 Typically, finger touch reduces the signal baseline 
output level on the sampled lines. The baseline output level 
refers to the output signal measured in the absence offinger 
touch. The present inventors have found that when a plurality 
oflines are triggered simultaneously, the affect that one finger 
has on the baseline output level is less pronounced than its 
affect when only a single line is triggered at a time. In some 
exemplary embodiments, triggering groups of lines with dif 
ferent frequencies and/or at different phases and/or splitting 
to the sensor lines into a number of groups that work sequen 
tially provides for increasing the affect of the finger on a 
particular aspect of the signal crossing on the cross line. 
Typically, the threshold used for identifying activity on a line 
is higher than the threshold used during scanning to detect 
user interaction at a particular junction. 
0080 According to some embodiments of the present 
invention, during the first stage of detection, sensor lines 
along a first axis are triggered and interacting lines along the 
second axis of the sensor are identified. Subsequently, during 
the second stage of detection, the identified interacting lines 
along the second axis are scanned and in response to each 
triggering event of the Scan, all lines along the first axis are 
sampled. 
I0081. According to some embodiments of the present 
invention, the first stage of detection is divided into a first and 
second Sub-stage of detection. In some exemplary embodi 
ments, during the first Sub-stage interacting lines along the 
second axis of the sensor are identified based on triggering 
along the first axis. Subsequently, during the second Sub 
stage interacting lines along the first axis are identified based 
on triggering along the second axis. According to some 
embodiments, in response to identifying interaction lines on 
both axes, one of the first axis or second axis is selected as the 
triggering axis and the other is selected as the sampling axis. 
In some exemplary embodiments, during the second stage of 
detection, only interacting lines on the sampling axis are 
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sampled (as opposed to all the lines). The present inventors 
have found that by sampling (or referring) only the identified 
interacting lines, processing requirements can be further 
reduced. In addition, the present inventors have found that 
sampling only the interacting lines, provides for further 
reducing the number of false positives detected as compared 
to scanning the all lines on the scan axis, e.g. no false positives 
will be detected on lines that are defined as non-interacting 
lines. In some exemplary embodiments, in response to scan 
ning and sampling only the interaction lines, only 5% of the 
junctions available on the grid based sensor are queried dur 
ing the second stage of detection. In Such a case, the systems 
sensitivity to noise is greatly reduced. In some exemplary 
embodiments, the axis including the least number of interact 
ing lines is selected as the scanning axis. 
0082. According to some embodiments of the present 
invention, during a first stage of detection all sensor lines 
from both axis are simultaneously triggered and output from 
the lines are simultaneously detected and used to determined 
possible interacting portions of the sensor. Known single 
touch detection methods typically provide for simultaneously 
triggering all lines and in Some exemplary embodiments can 
be implanted during the first stage of detection to identify 
interacting lines in the first stage of detection. In some exem 
plary embodiments, differential signals are obtained from 
outputs of differential amplifiers connected to pairs of non 
adjacent parallel sensor lines to identify interaction one the 
sensor lines. According to Some embodiments of the present 
invention, during the second stage of detection, known multi 
touch detection methods are implemented to determine the 
positions of the interaction along the interaction lines identi 
fied. 

0083. According to some embodiments of the present 
invention, during every refresh period, an interacting portion 
is identified during a first stage of detection and position of 
interaction is determined during a Subsequent second stage of 
detection. In some exemplary embodiments, if no interacting 
portions have been identified during the first stage of detec 
tion, the second stage of detection is not performed. In some 
exemplary embodiments, if the interacting portions identified 
during the first stage have not significantly changed from a 
previous refresh period, the second stage of detection is 
skipped and the interaction is assumed to be maintained in 
their previous positions. In some exemplary embodiments, if 
the positions of the interactions can be identified, e.g. deter 
mined without ambiguity during the first stage of detection of 
a particular refresh period, the second stage of detection is 
skipped. 
0084. Reference is now made to FIG. 1 showing an exem 
plary simplified block diagram of a digitizer system for use 
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 is operative to detect multiple inputs from 
one or more stylus(es) 44, finger(s) 46 and/or a conductive 
object(s) 45. According to some embodiments of the present 
invention, the digitizer System comprises a sensor 12 includ 
ing a patterned arrangement of conductive lines, which is 
typically transparent, and which is overlaid on a FPD 10. 
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Typically, sensor 12 is a grid based sensor including horizon 
tal and vertical conductive lines making up the sensor lines. 
Typically, the parallel sensor lines are spaced at a distance of 
approximately 2-8 mm, e.g. 4 mm, depending on the size of 
the FPD and a desired resolution. For example approximately 
40-70 lines may span along one axis of a 12 inch screen. 
I0085. An ASIC 16 comprises circuitry to process and 
sample the sensor's output into a digital representation. The 
digital output signal is forwarded to a 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 ASIC 16 serves as the controller of the digitizer 
system and/or has functionality of a controller and/or proces 
sor. According to some embodiments of the present invention, 
ASICs 16 and digital unit 20 operate as a detection unit for 
processing and sampling the sensor's output. The outcome, 
e.g. calculated position, once determined, is forwarded to a 
host 22 via an interface 24 for processing by the operating 
system or any current application. Typically, ASIC 16 is con 
nected to outputs of the various sensor lines in the grid and 
functions to process the received signals at a first processing 
stage. ASIC 16 typically includes one or more arrays of 
amplifiers, e.g. an array of differential amplifiers, an array of 
single ended amplifiers, or an array of differential amplifier 
optionally including one grounded input to amplify the sen 
Sor's signals. In some exemplary embodiments, the ground 
ing input is dynamically selected by ASIC 16. 
I0086 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. 
stylus, finger and hand, is also detected and processed by 
digital unit 20. 
I0087. According to some embodiments of the present 
invention, digital unit 20 is operative to provide a command 
signal to ASIC 16 to switch between a plurality of available 
circuit paths (two or more) to connect to outputs of the various 
sensor lines in the grid. In some exemplary embodiments, 
digital unit 20 together with ASIC 16 provides for alternately 
connecting outputs of the various conductors to one of an 
array of differential amplifiers and an array of single ended 
amplifiers (or differential amplifiers with one grounded 
input). According to some embodiments of the present inven 
tion, digital unit 20 is operative to control triggering of one or 
more sensor lines. According to some embodiments of the 
present invention, ASIC 16 together with digital unit 20 pro 
vides for triggering various conductors with an oscillating 
signal having one or more selected pre-defined frequencies. 

Interacting Lines Identified Based Analysis of Signals Cross 
ing by Virtue of Capacitance at Junctions Between Cross 
Lines 

I0088 Reference is now made to FIG. 2 showing an exem 
plary simplified circuit diagram for touch detection based on 
triggering sensor lines along a first axis of a digitizer sensor 
and detecting output signals crossing to sensor lines along a 
second axis of the sensor by virtue of a capacitance formed at 
junctions in the sensor grid in accordance with Some embodi 
ments of the present invention. According to Some embodi 
ments of the present invention, grid based sensor 12 provides 
for capacitive-based detection. At each junction, e.g. junction 
40 in sensor 12 a certain residual amount of capacitance exists 
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between orthogonal sensor lines 301 and 302. When a sensor 
line, e.g. one of sensor lines 302 is triggered with a signal 60. 
the signal passes to cross lines 301 by virtue of the residual 
capacitance formed at junctions 40. Typically, the signal on 
the cross line, e.g. cross line 301 is referred to as the coupled 
signal. In some exemplary embodiments, lines 301 are input 
to single ended amplifiers 455 and output from the amplifiers 
are sampled. Optionally, lines 30 are input to a differential 
amplifier where one of the inputs to the amplifier is grounded. 
Typically, each of the sensor lines on the triggering axis is 
triggered in sequence and outputs from all cross-lines are 
sampled. Different interaction areas may be identified as dif 
ferent lines are triggered. The sequential scanning and repeti 
tive sampling of the cross lines provides of obtaining a two 
dimensional map interaction with sensor 12. Although, sen 
Sor lines 302 are shown as the triggered lines and sensor lines 
301 are shown as the output lines, optionally sensor lines 301 
can be triggered and output from lines 302 can be sampled. 
Typically, triggering signal 60 is an AC signal. 
0089. In some known multi-touch detection systems, the 
procedure for detection includes triggering each sensor line 
along one axis of the sensor, e.g. each active line 302, one line 
at a time, and during each triggering, sampling signals, e.g. 
simultaneously in all lines crossing that triggered line, e.g. all 
lines of the orthogonal axis (passive lines 301). This trigger 
ing and detecting procedure is repeated until all the lines in 
the axis used for triggering have been Scanned and interaction 
in all junction points has been detected. 
0090. Such a multi-touch detection method typically pro 
vides for constructing two dimensional maps that indicate 
positions and/or locations of a plurality of fingers (and other 
conductive objects) concurrently interacting with sensor 12. 
Typically, Such a map indicates on which junction an inter 
action, e.g. a touch is present. In some embodiments the 
signals are processed and/or interpolated to provide Subjunc 
tion resolution. 

0091. When a finger 46 touches (or hovers over) the sen 
Sor, the capacitance formed injunctions 42 within the vicinity 
offinger 46 typically changes since the finger typically drains 
current from the lines to ground. Typically, the presence of a 
finger decreases the amplitude of the coupled signal by 
5-15% or 15-30% so that output 66 signifying a presence of a 
finger and can be differentiated withoutput 65 which signifies 
that no finger is present. 
0092. Some known multi-touch detection methods pro 
vide for simultaneously triggering more than one line with 
different frequencies as is described in more detail in incor 
porated U.S. Patent Publication No. 20070062852. In some 
embodiments described in incorporated U.S. Publication 
20070062852 simultaneously triggering more than one line 
with different frequencies provides for increasing the report 
rate for Scanning. It is understood that utilizing this method, 
while obviously faster than Scanning each line seperately, 
does require more hardware. 
0093. Other known combined single touch and multi 
touch detection systems and methods provide for multi-touch 
detection in specified pre-defined areas of sensor 12 and only 
the active line and passive lines crossing the pre-defined areas 
are triggered and sampled. This methodology is described in 
U.S. patent application Ser. No. 12/417,062 assigned to 
N-Trig Ltd., the contents of which is incorporated herein by 
reference. 

0094. The present invention is not limited to the technical 
description of the digitizer system described herein. The 
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present invention may also be applicable to other digitized 
sensor and touchscreens known in the art, depending on their 
construction. The present invention may also be applicable to 
other touch detection methods known in the art. Multi-touch 
detection is described with further details, for example in 
incorporated U.S. Pat. No. 7,372,455 and US Patent Publica 
tion No. 20070062852. The present invention is not limited to 
the multi-touch detection system and method described 
herein. The present invention may also be applicable to other 
multi-touch detection methods and sensors depending on 
their construction. In general, multi-touch detection methods 
of whatever types are either more complex or slower than 
corresponding single touch detection methods. 
0095 Reference is now made to FIG. 3A which is a sche 
matic illustration of digitizer sensor outputs along a second 
axis of a digitizer sensor in response to simultaneously trig 
gering sensor lines along a first axis. Reference is also made 
to FIG. 4 showing a simplified flow chart of an exemplary 
method for identifying and scanning interacting lines of a 
digitizer sensor along one axis of the sensor to determine 
multi-touch interaction. Both FIG. 3A and FIG. 4 describe 
some embodiments of the present invention. It is noted that 
sensor 12 shown in FIG. 3A and in the following FIGS. 3B, 
5A,5B, 5C, 7A, 8A and 8B is a blown up version of a portion 
of a typical digitizer sensor. Typically, the number of lines 
along the X and Y axes range between approximately 40-70 
lines for a 12 inch screen. In some exemplary embodiments, 
more than 70 lines per axis are used. 
0096. According to some embodiments of the present 
invention, during a first stage of detection, rather than scan 
ning all of sensor 12 to determine touch locations 46, inter 
acting lines, e.g. interacting lines 3010 along one axis of the 
sensor 12 are identified and only the identified interacting 
lines are selected for Scanning. Interacting lines are sensor 
lines of sensor 12 that are affected by user interaction, e.g. 
sensor lines crossing touch locations 46. Scanning interacting 
lines provide for reducing the time period and processing 
involved in determining touch locations 46. In response to 
reduced time and processing, an update rate of the touch 
sensitive screen and/or digitizer associated with sensor 12 can 
be increased. 

0097. According to some embodiments of the present 
invention, to identify interacting lines 3010 prior to Scanning, 
a group of sensor lines 302, e.g. all sensor lines 302 are 
triggered simultaneously with an AC triggering signal 360 
(block 410). Optionally, sensor lines 302 are divided into 
groups and lines from each group are triggered simulta 
neously with indistinguishable (or same) signals. In response 
to the simultaneous triggering, outputs from cross lines 301 
are sampled (block 420) and amplitudes of the output signals 
are examined to identify interacting lines 3010 among cross 
lines 301 (block 430). According to some embodiments of the 
present invention, a threshold on signal amplitude is defined 
and sensor lines 301 having signal amplitudes 3650 below the 
defined threshold are identified as interacting lines 3010 
while sensor lines 301 having signal amplitudes 365 above 
the defined threshold are labeled as non-interacting lines. 
Stated differently, lines that differ from a baseline value by 
less than a difference threshold (typically below the thresh 
old) are labeled as non-interacting lines and lines that differ 
from the baseline by more than the difference threshold are 
labeled as interacting lines. Exemplary methods for defining 
the threshold to identify the interacting lines will be described 
in more detail herein below. 
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0098. According to some embodiments of the present 
invention, identified interacting lines 3010 along the second 
axis are scanned (for example, sequentially triggered) to 
determine locations of touch interaction (block 440). Refer 
ring now also to FIG. 3B showing a schematic illustration of 
sensor outputs when scanning interacting lines of the second 
axis of the sensor to determine multi-touch interaction in 
accordance with some embodiments of the present invention. 
According to Some embodiments of the present invention, 
during a second stage of detection, e.g. the detection stage, the 
triggering axis is Switched and only interacting lines 3010 are 
sequentially triggered to locate various touch positions 46 
(block 440). In response to each triggering event e.g. trigger 
ing events at timest, t, ... ts, output from all cross-lines 302 
are sampled to obtain two-dimensional information regarding 
the various touch locations 46 and/or touch junctions 42 on 
interacting lines 3010 (block 450). Typically, detection is 
based on the amplitude of signal output as described in ref 
erence to FIG. 2 describing a known multi-touch detection 
method (block 460). Typically signal output 66 from a sensor 
line 302 having amplitude below a pre-defined threshold for 
touch detection provides for identifying touch on a junction 
between a currently triggered line 3010 and the sensor line 
302 while signal output 65 associated with an amplitude 
above the pre-defined threshold is indicates that no touch has 
been detected. Typically, different thresholds are used for 
touch detection and for identifying an interacting line since 
touch detection typically requires a larger difference from the 
baseline. 

0099. According to embodiments of the present invention 
described in reference to FIGS. 3A, 3B, and 4, the number of 
lines that require Scanning to determine multi-touch positions 
concurrently interacting with a digitizer sensor is reduced so 
that only sensor lines identified as interacting lines are 
scanned. In such embodiments, all cross lines are typically 
sampled in response to each triggering event to resolve the 
location(s) of touch along each interacting line. Typically, the 
cross lines are sampled Substantially simultaneously so that 
the number of cross lines do not typically influence the report 
rate. 

0100. According to some embodiments of the present 
invention, both the lines that require triggering as well as the 
lines that require sampling are identified as interaction lines 
and only the interacting lines on the sampling axis are 
sampled during the second stage of detection. Although 
reducing the number of lines sampled during each trigger 
event doesn’t directly increase report rate, it does reduce the 
amount of processing required to detect touch. In addition, 
reducing the number of lines sampled during each trigger 
event provides for reducing the number of false positives that 
may occur, e.g. on non-interacting lines. 
0101 Reference is now made to FIG. 5A which shows a 
schematic illustration of outputs along a first axis of a digi 
tizer sensor in response to simultaneously triggering sensor 
lines and to FIG. 6 which shows a simplified flow chart of an 
exemplary method for scanning and sampling selected sensor 
lines to determine multi-touch interaction in accordance with 
Some embodiments of the present invention. According to 
Some embodiments of the present invention, during a first part 
(a first Sub-stage) of the first stage of detection, sensor lines 
302 along the first axis are simultaneously triggered (block 
610), and corresponding outputs of sensor lines 301 along the 
2" axis are determined, e.g. sampled (block 615). Based on 
the outputs, interacting lines 3010 along the second axis are 
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identified (block 620). Methods for identifying interaction 
lines 3010 based on the outputs have been described in ref 
erence to FIG. 3A and FIG. 4 herein above. 

0102) According to some embodiments of the present 
invention, during a second part of the first stage, the triggering 
axis is Switched and sensor lines, e.g. sensor lines 301 along 
the second axis are simultaneously triggered (block 625), e.g. 
with a signal 360. Optionally, signal 360 a same or similar to 
signal 360 used during a triggering event too. In response to 
the simultaneous triggering, outputs of sensor lines, e.g. sen 
sor lines 302 along the cross axis (the first axis) are sampled 
(block 630). Typically the sampling of sensor lines 302 along 
the first axis is performed Substantially simultaneously. 
According to Some embodiments of the present invention, 
interacting lines along the first axis, e.g. lines 3020 are iden 
tified based on the output sampled (block 635). Methods for 
identifying interacting lines 3020 from lines 302 are similar 
to the methods described in reference to FIGS. 3A and 4 for 
identifying interacting lines 3010 from lines 301 and are 
described in more detail herein below. 

0103 Optionally, one or more lines on either side of iden 
tified interacting lines 3010 and/or 3020 are also defined as 
interacting lines. The present inventors have found that 
including neighboring lines may provide an improved esti 
mation of the center of mass of a detected touch position. 
0104. According to some embodiments of the present 
invention, one of the first and second axes is selected for 
triggering while the other is selected for sampling (block 
640). Referring now also to FIG.5B which shows a schematic 
illustration of sensor outputs when Scanning only interacting 
lines along the first axis of the sensor and sampling only 
interacting lines along the second axis of the sensor in accor 
dance with some embodiments of the present invention. In the 
exemplary shown in FIG. 5B when the first axis is defined as 
the triggering axis, interacting lines 3020 are triggered (block 
645) with a signal 60 and outputs from interacting lines 3010 
are sampled (block 650). Typically in response to each of the 
triggering events t1, t2, ... t7, all interacting lines 3010 are 
sampled Substantially simultaneously to identify positions, 
e.g. junctions 42 along interacting lines 3010 where touch 
interaction 46 is present (block 655). Substantially simulta 
neous sampling of interacting lines 3010 is repeated for each 
interacting line 3020 identified. According to some embodi 
ments of the present invention, based on the identified junc 
tions 42 showing interaction a touch position and/or a center 
of mass of the touch position are determined. 
0105. Alternatively, the second axis can be selected as the 
scanning axis and the first axis as the output axis. Referring 
now also to FIG.5C which shows a schematic illustration of 
sensor outputs when scanning only interacting lines along the 
second axis of the sensor and sampling only interacting lines 
along the first axis of the sensor in accordance with some 
embodiments of the present invention. For the case shown in 
FIGS.5A-5C, the number of interacting lines identified along 
the first axis is greater than the number lines identified along 
the second axis. As shown in FIG. 5C, when selecting the 
Second axis as the triggering axis, five triggering events t, t, 
. . . ts are required for Scanning as opposed to the seven 
triggering events required to scan the first axis as shown in 
FIG. 5B. The present inventors have found that by selecting 
the axis with the least number of interacting lines for scanning 
the scan time can be reduced and thus the report rate can be 
increased. In accordance with some embodiments of the 
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present invention, the scan axis and the output axis are 
selected based on the number of interacting lines identified on 
each axis. 
010.6 Typically, 2-3 sensor lines along each axis is 
affected by each finger touch, so that two fingers concurrently 
interacting with the sensor may affect between 2-6 lines along 
each axis, three fingers concurrently interacting with the sen 
Sor may affect between 2-9 lines along each axis (depending 
on the number of common sensor lines). In some exemplary 
embodiments, a pre-defined number indicating the maximum 
of lines that can be scanned (and/or sampled) is defined, e.g. 
10 lines on each axis, or 10 lines on one axis and 12 lines on 
the other axis. In some exemplary embodiments, defining the 
maximum number of interacting lines that can be identified 
serves to ensure a minimum refresh rate, e.g. a minimum 
refresh rate of 50 Hz. In some exemplary embodiments, when 
the maximum number of interacting lines is lower than the 
number of interacting lines identified, a selection process is 
made to select the best lines from the interacting lines iden 
tified. Optionally, the lines chosen are the lines with the most 
pronounced detection signal. 

Exemplary Methods for Identifying Interacting Lines Based 
on Sampled Output 
0107 Typically, a presence of a touch interaction, e.g. 
finger touch or finger hover diminishes the amplitude of the 
coupled baseline signal that crosses at touch junctions 42 of 
interacting lines 3010. However, the reduction in signal 
amplitude is typically less pronounced when simultaneously 
triggering a plurality of sensor lines as compared to during 
scanning when only one line at a time is triggered. Typically, 
the presence of a finger decreases the amplitude of the 
coupled baseline signal 365 by 1%, or 1-5% during simulta 
neous triggering of all sensor lines along one axis as opposed 
to a decrease in amplitude of 5-15% or 15-30% while trig 
gering one line. As such presence of a finger during simulta 
neous triggering of all lines along one of the axes is less 
pronounced as compared to the change when only a single 
line is triggered and the therefore the amplitude of the signal 
is less sensitive to a presence of touch. It is noted that the 
change in amplitude due to touch may vary for different 
scenarios, for example the change in amplitude is a function 
of the number of junctions of a sampled line that are touched 
and the number of lines simultaneously triggered. 
0108. According to some embodiments of the present 
invention, sensitivity is increased by dividing the sensor lines 
into two or more groups and triggering each of the groups in 
sequence. The sensitivity of the amplitude generally 
increases as the number of sensor lines triggered simulta 
neously decreases. According to Some embodiments of the 
present invention, identification of interacting lines in the 
cross axis is provided in a plurality of steps and is completed 
after all the groups have been triggered. 
0109 According to some embodiments of the present 
invention, sensitivity is increased by dividing the sensor lines 
into two or more groups and simultaneously triggering each 
of the groups with different frequencies. In such embodi 
ments, output signals can be decomposed into their different 
frequency components before analyzing amplitude levels for 
each of the frequencies used for triggering. In some exem 
plary embodiments, the different frequencies are orthogonal 
frequencies. Simultaneous triggering with different frequen 
cies for interaction detection is described in more detail in 
incorporated US Patent Publication No. 20070062852. 
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0110. In some exemplary embodiments, at least two 
groups are triggered simultaneously with a same frequency 
but with signals having a scalar product that is substantially 
Zero, e.g. due to a 90 degree phase shift of the signal. In Such 
embodiments, output signals can be decomposed into their 
various orthogonal components and amplitude levels of the 
decomposed signals can be analyzed to identify interacting 
lines. Simultaneous triggering with orthogonal signals hav 
ing a same frequency is described in more detail in U.S. patent 
application Ser. No. 12/269,971 assigned to N-Trig Ltd. 
which is incorporated herein by reference. In some exemplary 
embodiments, one or more of sequential triggering of groups 
oflines, triggering different groups with different frequencies 
and triggering different groups with different orthogonal 
phases are combined to improve sensitivity of the signal 
amplitude output. 
0111 Although, incorporated U.S. Patent Publication 
20070062852U.S and U.S. patent application Ser. No. 
12/269,971 describe in some embodiments, using orthogonal 
signals and/or signals with different frequencies to simulta 
neously trigger lines for the purpose of increasing report rate, 
similar methods can be applied herein for increasing the 
sensitivity of the output signal to detect finger touch. The 
sensitivity is increased since the sum of the two components 
that correspond to each orthogonal frequency and/or phase is 
a vectorial Sum, thus the output signal is less limited by the 
dynamic range of the receiver. 

Exemplary Methods for Defining a Threshold to Identify an 
Interacting Line 
0112. In some exemplary embodiments, a pre-defined 
threshold, is used to identify an interacting line in response to 
simultaneous triggering of a plurality of lines on a cross axis. 
Typically, a larger threshold is used since the impact of the 
finger on the baseline signal is reduced. 
0113. In some exemplary embodiments, the threshold is 
defined as a factor times the average output signal sampled on 
the sensor in the absence of user interaction, e.g. a level that 
corresponds to 0.97-0.95 of average output signal sampled on 
the sensor. Optionally, the threshold is defined for the distance 
from output signal sampled on the sensor in the absence of 
user interaction. 
0114. In some exemplary embodiments, a current noise 
level of the system is detected and used to dynamically adjust 
a defined threshold for identifying interacting lines of the 
sensor. For example a threshold riding noise method may be 
implemented to adjust the threshold. In some exemplary 
embodiments, the threshold is defined dynamically as a fac 
tor, e.g. 0.97-0.95 times an output from a line having the 
highestamplitude output signal. Optionally, the threshold can 
be defined as a factor times an average output from of a 
pre-defined number of lines having the highest amplitude, 
e.g. from 10 lines. It is assumed that the lines used to define 
the threshold (the lines with the highest amplitude output 
signals) represent lines where no interaction is currently 
present. 
0115 Since the change in Voltage is generally greater in 
the second step, in an embodiment of the invention, different 
thresholds are used for the first and second steps. 

Exemplary Method for Calibrating Output Prior Identifica 
tion of Interacting Lines 
0116. In some exemplary embodiments, calibration may 
provide for compensating for different gain characteristics of 
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individual lines and/or amplifiers at the end of sensor lines 
and/or for changes in gain in response to varying distances of 
different sampled lines from a point of triggering with respect 
to the point of triggering. 
0117. In some exemplary embodiments, a base level signal 
for each sensor line is measured in response to simultaneous 
triggering of lines in the cross axis and used to calibrate the 
outputs sampled from each line. Optionally, a baseline level 
for each line is saved in memory and output measured from 
each line during operation is reduced by its recorded baseline 
level prior to comparing the output to a threshold (for identi 
fying interacting lines). 
0118. In some exemplary embodiments, during user inter 
action, a current noise level is additionally determined and 
removed from the output sampled. Optionally, a currently 
noise level is determined by identifying one or more lines 
where no interaction has taken place and using changes in the 
baseline level of those line(s) to define a current noise level 
for all the lines. In some exemplary embodiments, lines with 
no interaction are identified by first reducing all output to a 
level below a base line level, e.g. by subtracting the output by 
a pre-defined constant to ensure that current level are far 
below baseline level. Optionally a pre-defined number of 
lines having output closest to the baseline level are selected as 
lines where no interaction has taken place. An average of the 
noise level, e.g. change from baseline level, determined for 
these lines may be used as a noise estimation. The noise level 
is defined as the change from baseline determined from the 
selected lines. 
0119 Typically, baseline level for each line is defined in 
the manufacturing site while no interaction is present on the 
digitizer. Optionally, calibration is performed and/or updated 
during start up of the system or periodically during operation 
of the system, e.g. while a user is instructed not to interact 
with the screen. Typically, baseline levels are determined 
from an average of a plurality of sampled outputs, e.g. 50 
samples. 
0120. It is noted that the methods described for defining a 
threshold and performing calibration can be performed on 
either one or both axes of the sensor by the methods described 
hereinabove. Typically, different thresholds and noise levels 
can be defined for each axis. 

Interacting Lines Identified Based Analysis of Difference 
Signals Between Parallel Sensor Lines 
0121 Reference is now made to FIG. 7A showing an 
exemplary simplified circuit diagram for touch detection 
based on differential signal outputs obtained from pairs of 
parallel sensor lines in a sensor grid and to FIG. 7B showing 
triggering of one pair of non-adjacent parallel sensor lines 
from the sensor grid shown in FIG. 7A for use with some 
embodiments of the present invention. According to some 
embodiments of the present invention, two parallel sensor 
lines, e.g. lines 310 and 320 that are close but not adjacent to 
one another are connected to a positive input 311 and negative 
input 321 of a differential amplifier 340. Amplifier 340 is thus 
able to generate an output signal which is an amplification of 
the difference between the two sensor line signals. Typically 
output is detected on sensor lines in both the X and Y direc 
tion. In some exemplary embodiments, a single input ampli 
fier is implemented and difference signal is determined by 
software embedded in digital unit 20. 
0122) According to some embodiments of the present 
invention, sensor lines 310 and 320 are interrogated to deter 
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mine if there is a finger input signal derived from finger touch 
and/or finger hovering. To query the pair of sensor lines, a 
signal source I, e.g. an AC signal source induces an oscillat 
ing signal in the pair. Signals are referenced to a common 
ground 350. When a finger is placed on one of the sensor lines 
of the pair, a capacitance, C, develops between the finger 
(either touching or hovering over the digitizer) and sensor line 
310. As there is a potential between the sensor line 310 and the 
user's finger, current passes from the sensor line 310 through 
the finger to ground. Consequently a potential difference is 
created between sensor line 310 and its pair 320, both of 
which serve as input to differential input terminals of differ 
ential amplifier 340. 
I0123 Separation between the two sensor lines 310 and 
320 is typically greater than the width of the finger so that the 
necessary potential difference can be formed, e.g. approxi 
mately 12 mm. Typically, the finger hovers over and/or 
touches the digitizer over a number of sensor lines so as to 
generate an output signal in more than one differential ampli 
fier, e.g. a plurality of differential amplifiers. 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. Although 
only one pair of sensor lines are shown in FIG. 7B, it is noted 
that typically touch is typically detected based on a plurality 
of outputs from differential amplifiers with input obtained 
from interleaving sensor lines. 
0.124. In one example, the origin of the user's finger from 
the two inputs of the differential amplifier is determined by 
examining the phase of the output. In another example, since 
a finger touch typically produces output in more than one 
sensor line, the origin of the user's finger from the two inputs 
of the differential amplifier is determined by examining out 
puts of neighboring amplifiers and optionally interpolating is 
used to find a more accurate value. In yet other examples, a 
combination of both methods may be implemented. 
0.125 Ambiguity as to the location of each finger may 
arise in Some finger positions whena user concurrently places 
two or more fingers on or over sensor 12. AS Such as plurality 
of concurrent interactions cannot always be detected without 
ambiguity using Such a touch detection method. 
I0126. According to some embodiments of the present 
invention, this method of touch detection which is referred to 
as a single touch detection method is described with further 
details in, for example incorporated U.S. Pat. No. 7,372.455. 
The present invention is not limited to the technical descrip 
tion of the digitizer system described herein. The present 
invention may also be applicable to other digitized sensor and 
touch screens known in the art, depending on their construc 
tion. The present invention may also be applicable to other 
touch detection methods known in the art. 

0127. It is noted the method described in FIGS. 7A and 7B 
is an exemplary method of single touch detection that pro 
vides for identifying sensor lines of a grid based sensor that 
are affected by touch and that other methods for single touch 
detection and/or methods identifying sensor lines affected by 
touch can also be applied. Typically, single touch detection 
methods provide for obtaining a one dimensional information 
regarding interaction on a sensor. It is noted that other meth 
ods for providing one dimensional information regarding 
interaction on a sensor can be applied for detection, e.g. 
identification of the interacting lines, during the first stage of 
detection. 
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embodiments, when multi-touch positions can be resolved 
without Scanning as described above Scanning is not per 
formed and locations of the interactions are based on outputs 
from the first stage of detection and/or based on previously 
determined positions of the interactions. 
0.137 According to some embodiments of the present 
invention, if scanning is determined to be required, e.g. the 
interaction position(s) cannot be unambiguously determined 
based on output signals obtained during a first stage of detec 
tion, a portion of the sensor for Scanning is defined based on 
the interacting lines identified (block 950). In some exem 
plary embodiments, the defined portion includes all the inter 
acting lines plus a pre-defined number of neighboring lines 
between interacting lines and/or on either side of the interact 
ing lines. Optionally, an area defined by the two most periph 
eral interacting lines in each axis is defined as the portion to be 
scanned. Based on the selection, the portion is scanned (block 
960) and the interaction locations within the portion are iden 
tified (block 970). Scanning may be performed by the meth 
ods described in reference to block 640, block 645 and block 
650 (FIG. 6). Typically, the methods described in reference to 
FIG. 9 are repeated during each sampling cycle, so that at a 
first stage of detection, interaction is detected based on a first 
method of detection (providing for fast detection) and if inter 
action locations cannot be unambiguously deciphered based 
on the first method of detection during the same sampling 
cycle (at a second Subsequent stage of the cycle) interaction is 
detected based on a second method of detection in a selected 
portion of the sensor identified from the first detection 
method. In Such a manner the number of lines that require 
scanning to determine interaction positions is reduced. 
0.138. It is noted that stylus interaction can be detected 
concurrently with finger touch using the detection methods 
described hereinabove. Typically, the stylus is triggered at a 
frequency other than the frequency used for finger detection 
so that finger and stylus detection can be differentiated. 
0.139. It is noted that typically, interrogation and/or trig 
gering of the sensor lines, and selection of the interacting 
lines and/orportions to be scanned and sampling of the output 
of the lines is controlled by digital unit 20 together with ASIC 
16. 

0140. The terms “comprises”, “comprising”, “includes”, 
“including”, “having and their conjugates mean “including 
but not limited to’. 

99 &g 99 & 

0141. The term “consisting of means “including and lim 
ited to. 

0142. The term “consisting essentially of means that the 
composition, method or structure may include additional 
ingredients, steps and/or parts, but only if the additional 
ingredients, steps and/or parts do not materially alter the basic 
and novel characteristics of the claimed composition, method 
Or Structure. 

0143. It is appreciated that certain features of the inven 
tion, which are, for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention, which are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
suitable sub-combination or as suitable in any other described 
embodiment of the invention. Certain features described in 
the context of various embodiments are not to be considered 
essential features of those embodiments, unless the embodi 
ment is inoperative without those elements. 
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0144. While several exemplary embodiments of the inven 
tion have been described in detail above, those skilled in the 
art will recognize other embodiments and variations which 
come within the scope of the invention. It is accordingly 
understood that the scope of the invention is not intended to be 
limited by the written description herein, but rather is to be 
given the full scope permitted by the following claims. 

What is claimed is: 
1. A method for multi-touch detection in a touch input 

device comprising a grid based sensor, the method compris 
ing: 

sampling outputs from a grid based sensor over a first stage 
of detection; 

selecting sensor lines based on the sampled outputs; 
scanning the selected sensor lines along one axis of the grid 

based sensor over a second stage of detection; and 
determining positions of user interaction based on outputs 

sampled in response to scanning the selected sensor 
lines during the second stage of detection. 

2. The method according to claim 1, wherein the detection 
during the first and second stage of detection is capacitive 
based detection. 

3. The method according to claim 1, wherein the sensor 
lines are selected during the first stage of detection in 
response to determining a presence of user interaction on the 
sensor lines based on the sampled outputs. 

4. The method according to claim 1, wherein the first and 
second stage of detection is performed over a single refresh 
cycle of the touch input device. 

5. The method according to claim 1, wherein the first stage 
of detection is shorter in duration than the second stage of 
detection. 

6. The method according to claim 5, comprising selecting 
one of the first or second axes of the grid based sensor for 
scanning during the second stage of detection, wherein the 
selection is based on the number of sensor lines selected on 
each axis. 

7. The method according to claim 1, wherein the sampling 
during the first stage of detection is in response to simulta 
neous triggering or interrogating a plurality of sensor lines. 

8. The method according to claim 1, wherein the sampling 
during the first stage of detection is in response to simulta 
neously triggering all sensor lines along one axis of the grid 
based sensor. 

9. The method according to claim 1, wherein the sampling 
during the first stage of detection is in response to simulta 
neously triggering all sensor lines in both axis of the grid 
based sensor. 

10. The method according to claim 1, wherein the sampling 
during the first stage of detection is in response to simulta 
neously triggering a first group of sensor lines along a first 
axis with a first triggering signal and a second group of sensor 
lines along the first axis with a second triggering signal, 
wherein the second triggering signal is orthogonal to the first 
triggering signal. 

11. The method according to claim 1, wherein the sampling 
during the first stage of detection is in response to triggering 
a plurality of lines along a first axis of the grid based sensor 
and sampling signals on the second axis of the grid based 
SSO. 

12. The method according to claims 1, wherein the outputs 
of the sensor lines are sampled simultaneously. 
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13. The method according to claim 1, wherein the selecting 
during the first stage of detection is in response to sampling a 
difference signal between outputs of parallel lines in the grid 
based sensor. 

14. The method according to claim 1, wherein the selecting 
is in response to detecting a magnitude of an output that is 
below a threshold value. 

15. The method according to claim 14, wherein the thresh 
old is determined in accordance with a baseline level deter 
mined in the absence offinger touch. 

16. The method according to claim 1, wherein the selecting 
comprises selecting sensor lines along both axes of the grid 
based sensor. 

17. The method according to claim 1, comprising selecting 
sensor lines neighboring the selected lines and including the 
selected lines as part of the selected lines triggered during the 
second stage of detection. 

18. The method according to claim 1, comprising choosing 
a pre-determined number of sensor lines from the selected 
lines and triggering only the pre-determined number of 
selected sensor lines chosen during the second stage of detec 
tion. 

19. The method according to claim 18, wherein the selected 
sensor lines associated with a most pronounced detection 
signal from all the selected sensor lines are chosen. 

20. The method according to claim 18, comprising trans 
mitting the coordinates to a host associated with the touch 
input device. 

21. The method according to claim 1, wherein the outputs 
indicating a presence of user interaction is in response to at 
least one of touch and hovering of the user interaction. 

22. The method according to claim 1, wherein the user 
interaction is a fingertip. 

23. The method according to claim 1, wherein different 
detection methods are used for the different stages of detec 
tion. 

24. The method according to claim 1, wherein during the 
first stage of detection, the sensor lines are identified based on 
a one-dimensional detection method for detecting user inter 
action. 

25. The method according to claim 1, wherein during the 
first stage of detection, the sensor lines are identified based on 
a single touch detection method. 

26. The method according to claim 1, wherein during the 
second stage of detection, determining coordinates of user 
interaction is based on a two-dimensional detection method 
for detecting user interaction. 

27. The method according to claim 1, wherein during the 
second stage of detection, determining coordinates of user 
interactions is based on a multi-touch detection method. 

28. A method for multi-touch detection in a touch input 
device comprising a grid based sensor, the method compris 
ing: 

performing a first touch detection during a first detection 
stage, wherein the first touch detection provides for 
Selecting sensor lines on both axes of the grid based 
sensor affected by user interaction with the sensor; 

determining if coordinates of the user interactions are 
ambiguous based on the first touch detection during the 
first detection stage; and 
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performing a second touch detection that provides for 
determining junctions affected by user interaction dur 
ing a Subsequent detection stage during a same refresh 
cycle in response to determined ambiguity, to resolve the 
ambiguity. 

29. The method according to claim 28, wherein the first and 
second touch detection is a capacitive based detection. 

30. The method according to claim 28, wherein the first and 
second detection stage is performed over a single refresh 
cycle of the touch input device. 

31. The method according to claim 28, comprising skip 
ping the second stage of detection during at least one refresh 
cycle in response to no sensor lines selected during the first 
detection stage of the cycle. 

32. The method according to claim 28, comprising skip 
ping the second stage of detection during at least one refresh 
cycle in response to only selecting sensor lines associated 
with a single interaction location during the first stage of 
detection of the cycle. 

33. The method according to claim 28, comprising skip 
ping the second stage of detection of at least one refresh cycle 
in response to selecting sensor lines during the refresh cycle 
that is substantially similar to the sensor lines identified dur 
ing refresh cycle directly preceding the current refresh cycle. 

34. The method according to claim 33, comprising deter 
mining coordinates of user interactions based on tracking 
information from previous refresh cycles. 

35. A method for touch detection in a touch input device 
comprising a grid based sensor, the method comprising: 

simultaneously triggering a plurality of sensor lines along 
a first axis of a grid based sensor with a same triggering 
signal; 

sampling capacitively coupled signals on the second axis 
of the grid based sensor in response to the triggering; 

simultaneously triggering a plurality of sensor lines along 
the second axis of the grid based sensor with a same 
triggering signal; 

sampling capacitively coupled signals on the first axis in 
response to the sampling; and 

determining sensor lines on the first and second axis that 
have output that indicate a presence of a user interaction. 

36. The method according to claim 35, wherein the capaci 
tively coupled signals are sampled Substantially simulta 
neously. 

37. The method according to claim 35, comprising simul 
taneously triggering a first group of sensor lines with a first 
triggering signal and a second group of sensor lines with a 
Second triggering signal, wherein the Second triggering signal 
is orthogonal to the first triggering signal. 

38. The method according to claim 37, wherein the first and 
Second triggering signals are orthogonal in phase. 

39. The method according to claim 37, wherein the first and 
Second triggering signals are orthogonal in frequency. 

40. The method according to claim 35, comprising simul 
taneously triggering a first group of sensor lines along an axis 
and Subsequently triggering a second group of sensor lines 
along the axis. 

41. The method according to claim 35, wherein determin 
ing sensor lines on the first and second axis that have output 
that indicate a presence of a user interaction is in response to 
detecting a magnitude of an output that is below a threshold 
value. 
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42. The method according to claim 41, wherein the thresh- scanning only the identified regions in a second detection 
old is determined in accordance with a baseline level deter- stage to localize the position of the interactions, wherein 
mined in the absence offinger touch. the first and d st rf d duri ingl 43. A method of multi-touch detection in a touch input e IIrS and Second Stage are perTormed during a S1ngle 
device comprising: refresh cycle. 

identifying regions in which may have interactions in a first 
detection stage; ck 


